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Lysine-based prodrugs of aspartyl protease inhibitors and processes for their preparation

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a process for synthesizing compounds which are used for
impairing human immunodeficiency virus (HIV) replication. More particularly, the present
invention relates to a process for synthesizing a lysine based compound which is able to
release an active HIV protease inhibitor upon cleavage of a physiologically cleavable unit.

The invention also relates to intermediates useful for the synthesis of these compounds.

BACKGROUND OF THE INVENTION

Inhibitors of the HIV viral protease have been developed relatively recently and their use
began only in 1996. Currently, they are considered the most effective drugs against HIV
infection. Unfortunately, most current proteases inhibitors are relatively large hydrophobic
molecules that possess rather low bioavailability. A high pill burden is therefore required to
attain the therapeutic dose in a patient. This is a deterrent, which too often results in patient
non-compliance and inadequate treatment results. This situation leads to sub-optimal
therapeutic drug concentration that in turns leads to the development of HIV resistant strains.
Consequently, there is an urgent need to improve the solubility and bioavailability of

proteases inhibitors.

Protease inhibitors have also been developed in the form of prodrugs such as those described,
for example, in US patent no. 6,436,989 to Hale er al, the entire content of which is
incorporated herein by reference. These prodrugs possess favourable aqueous solubility, high
oral bioavailability and allow the in vivo generation of the active ingredient. However, it is
well known that HIV has the ability to develop resistance to the currently available drugs. A
need remains for alternative HIV protease inhibitors active towards wild-type and resistant

viral strains and which shows enhanced solubility and bioavailability.

The synthesis of a unique class of aromatic derivatives which are inhibitors of aspartyl

proteases is described in US patent no. 6,632,816 to Stranix et al, the entire content of which
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is incorporated herein by reference. This patent includes, more particularly, N,-synthetic
amino acid substituted L-lysine derivatives possessing potent aspartyl protease inhibitory
properties. Lysine based compounds demonstrating enhanced aqueous solubility and
bioavailabilify as well as their method of preparation have also been described in U.S
application No. 09/902,935 (Stranix et al.,) published February 2" 2006 under publication
No.US2006/0025592A1.

Efficient and improved route of synthesizing these compounds are needed in order to develop
commercially-viable processes. A desirable route of synthesis should produce the compounds
in a good yield, with the minimum number of step possible and in a manner that is of
minimum impact to the environment in terms of disposing of waste-materials. Intermediate
compounds are also of help in facilitating the synthesis of end compounds. There thus

remains a need for optimizing synthesis of lysine based compounds.
The present invention seeks to meet these and other needs.
SUMMARY OF THE INVENTION

Novel lysine based compounds originating from a class of derivatives that are potent aspartyl
protease inhibitors, pharmaceutically acceptable derivatives and pharmaceutical compositions
are illustrated herein and have been described in U.S. publication No.US2006/0025592A1.
These lysine based compounds have a cleavable unit which may readily be cleaved in vivo to
release an active ingredient which has an affinity for HIV aspartyl protease (US patent no.
6,632,816) and which are active for inhibiting (impairing) HIV replication. The compounds
described herein may have, for example, a (e.g., physiologically, enzymatically) cleavable
(e.g., hydrolysable) bond or unit which upon cleavage of the cleavable bond or unit generates

a protease inhibitor (e.g., an active protease inhibitor).

The present invention provides in one aspect thereof, efficient processes or methods for
synthesizing the lysine based compounds described herein including their derivatives and

pharmaceutically acceptable salts.
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In accordance with the present invention, processes for synthesizing a lysine based compound
using any one of the relevant compounds disclosed in US patent no. 6,632,816 to Stranix ef
al. as starting material are encompassed herewith. Further in accordance with the present
invention, processes for synthesizing compounds able to generate any one of the compound
disclosed in US patent no. 6,632,816 to Stranix et al. upon cleavage of a (in vivo) cleavable

unit are also encompassed herewith.

More particularly, the present invention in accordance with one aspect thereof, provides a
process for synthesizing a compound (e.g. a compound able to generate an HIV protease

inhibitor) of formula I:

. o) H
H,OR;
O\\\\s//o CHA=—N N\R
| AN ~ I (CH2)m b 3
X R
o 2
¥ I

pharmaceutically acceptable salts and derivatives thereof (e.g., for example, when the
compound of the present invention comprises an amino group, the pharmaceutically

acceptable salt may be an ammonium salt),

wherein n may be, for example, 3 or 4,

wherein X and Y, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF3, -OCF;3, -CN,
-NO;, -NR4Rs, -NHCORy, -ORy, -SR4, -COOR4, -CORy, and -CH,0H or X and Y together
define an alkylenedioxy group selected from the group consisting of a methylenedioxy group

of formula -OCH,0- and an ethylenedioxy group of formula -OCH,CH,0-,

wherein R¢ may be selected, for example, from the group consisting of a straight alkyl group
of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl
group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the

alkyl part thereof,
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wherein R; may be selected, for example, from the group consisting of H, a straight alkyl
group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkyl
group of 3 to 6 carbon atoms, and a group of formula R3;5-CO-, wherein R34 may be selected,
5 for example, from the group consisting of a straight or branched alkyl group of 1 to 6 carbon
atoms (e.g. methyl, ethyl-, propyl, iso-propyl, butyl, iso-butyl, tert-butyl, tert-butyl-CH,-,
etc.), a cycloalkyl group having 3 to 6 carbon atoms (e.g. cyclopropyl-, cyclohexyl- etc.), a
cycloalkylalkyl group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3
carbon atoms in the alkyl part thereof, (e.g. cyclopropyl-CH,-, cyclohexyl-CH,-, etc.), an
10 alkyloxy group of 1 to 6 carbon atoms (e.g. CH3;0-, CH;CH,0-, iso-butylO-, tert-butylO-
(Boc), etc.), tetrahydro-3-furanyloxy, -CH,OH, -CF3, -CH,CF;, -CH,CH,CFj3, pyrrolidinyl,
piperidinyl, 4-morpholinyl, CH3;0,C-, CH30,CCH,-, Acetyl-OCH,CH,-, HO,CCH;-, 3-
hydroxyphenyl, 4-hydroxyphenyl, 4-CH3;0C¢H4sCH,-, CH3;NH-, (CHj3),N-, (CH3CH;),N-,
(CH3CH,CH,);N-, HOCH,CH;NH-, CH3;OCH,O-, CH3;0CH,CH,0-, C¢HsCH,O-, 2-
15 pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl-, 2-pyrazinyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, 1-

isoquinolyl, 3-isoquinolyl, 2-quinoxalinyl, a phenyl group of formula

20  apicolyl group selected from the group consisting of

CH,

l = C/ ' N/ and =

N
H,

a picolyloxy group selected from the group consisting of
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o
7 e,
E‘z
E\/|\ Ej/ \0/ b
O
N/ %2/ ~ N/ and N/

a substituted pyridyl group selected from the group consisting of

and a group of formula,

wherein X’ and Y’, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF3, -NO,, -NR4Rs, -
NHCORy, -ORy, -SR4, -COORy, -COR4 and -CH,OH,

wherein R4 and Rs, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to

6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, and tert-butoxycarbonyl,

wherein R, may be selected, for example, from the group consisting of a diphenylmethyl

group of formula IV
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CH
7 X
X v
v

)

a naphthyl-1-CH,- group of formula V

\CH2
| XX
AFNX
X' Y'
\"

b

a naphthyl-2-CH;- group of formula VI

H,
AC | N X
AN
X' Y
VI

and wherein R, may be a cleavable unit (e.g., a physiologically cleavable unit), whereby upon
cleavage of the unit, the compound releases a protease inhibitor (an HIV protease inhibitor).
For example, R; may be an enzymatically or metabolically cleavable unit or hydrolysable
bond which may be cleaved under enteric and/or gastrointestinal conditions (pH) or other

physiological conditions.

In accordance with the present invention, R; may be selected, for example, from the group
consisting of (HO),P(0O) and (MO),P(O), wherein M is an alkali metal (e.g. Na, K, Cs, etc) or
alkaline earth metal (Ca, Mg, etc.). '
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R, may also be an intermediate group able to be transformed into a suitable group useful for
the generation of a protease inhibitor or lysine based compound described herein. Further in
accordance with the present invention, R; may therefore be, for example; (C;-C4

AlkylO),P(0O), etc.

The present invention further provides in another aspect a process for synthesizing a

compound of formula II,

0 H
o, o CHaOR;
N/ i N
N s\N /—(CHﬁﬁ—” Rs

pharmaceutically acceptable salts and derivatives thereof (e.g., for example, when the
compound of the present invention comprises an amino group, the pharmaceutically

acceptable salt may be an ammonium salt),
wherein n may be 3 or 4,

wherein X and Y, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF;, -OCF3, -CN, -
NO,, -NR4Rs, -NHCORy, -ORy4, -SR4, -COOR4, -CORy, and -CH,0H or X and Y together
define an alkylenedioxy group selected from the group consisting of a methylenedioxy group

of formula -OCH,0- and an ethylenedioxy group of formula -OCH,CH,0-,

wherein Rq may be selected, for example, from the group consisting of a straight alkyl group
of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl
group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the

alkyl part thereof,
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wherein R; may be selected, for example, from the group consisting of H, a straight alkyl
group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkyl
group of 3 to 6 carbon atoms, and a group of formula R35-CO-, wherein R34 may be selected,
for example, from the group consisting of a straight or branched alkyl group of 1 to 6 carbon
atoms (e.g. methyl, ethyl-, propyl, iso-propyl, butyl, iso-butyl, fert-butyl, terr-butyl-CH,-,
etc.), a cycloalkyl group having 3 to 6 carbon atoms (e.g. cyclopropyl-, cyclohexyl- etc.), a
cycloalkylalkyl group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3
carbon atoms in the alkyl part thereof, (e.g. cyclopropyl-CH,-, cyclohexyl-CH,-, etc.), an
alkyloxy group of 1 to 6 carbon atoms (e.g. CH;0-, CH3CH,O-, iso-butylO-, tert-butylO-
(Boc), etc.), tetrahydro-3-furanyloxy, -CH,OH, -CF;, -CH,CF;, -CH,CH,CF3, pyrrolidinyl,
piperidinyl, 4-morpholinyl, CH30,C-, CH3;0,CCH,-, Acetyl-OCH,CH,-, HO,CCH,-, 3-
hydroxyphenyl, 4-hydroxyphenyl, 4-CH3;OC¢H4CH,-, CH3NH-, (CHj;),N-, (CH;3;CH;),N-,
(CH3CH,CH,),N-, HOCH,CH,;NH-, CH3;0CH,0-, CH3;0OCH,CH,0-, C¢HsCH,O-, 2-
pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrazinyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, 1-

isoquinolyl, 3-isoquinolyl, 2-quinoxalinyl, a phenyl group of formula

a picolyl group selected from the group consisting of

CH,

H,
‘ X @C\ AN
/ - N/ and N/

N C
H,

a picolyloxy group selected from the group consisting of
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_
E'z
.. 7. C
Y an
N/ ¢ 2/ . N/ d N/

a substituted pyridyl group selected from the group consisting of

and a group of formula,

wherein X’ and Y’, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, CI, Br, [, -CF3, -NO,, -NR4Rs, -
NHCORy, -ORy4, -SR4, -COORy, -COR4 and -CH,0OH,

wherein R4 and Rs, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alky! group of 3 to

6 carbon atoms, and a cycloalkyl group of 3 to 6 carbon atoms,

wherein R, may be selected from the group consisting of a diphenylmethyl group of formula

v
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CH
| X
X
X' Y
IV

k)

a naphthyl-1-CH,- group of formula V

N

CH,
' XX
N
X' Y

\Y

k]

s anaphthyl-2-CH;- group of formula VI

H>
C | N Xy
PN
X' Y'
VI

and wherein R| may be a physiologically cleavable unit, whereby upon cleavage of the unit

10 the compound may be able to release a protease inhibitor.
In accordance with the present invention, R; may, more particularly, be selected, for example,
from the group consisting of (HO),P(O) and (MO),P(O), wherein M is an alkali metal (e.g.

Na, K, Cs, etc) or alkaline earth metal (Ca, Mg, etc.).

R may also be an intermediate group able to be transformed into a suitable group useful for

the generation of a protease inhibitor or lysine based compound described herein. Further in

10
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accordance with the present invention, R; may therefore be, for example; (C;-C,4

AlkylO),P(0O), etc.

The present invention therefore provides a process for synthesizing a compound of formula |

or formula II described herein wherein n may be, more particularly, 4.

The present invention also provides a process for synthesizing a compound of formula I or
formula II described herein where X and Y, the same or different, may be, more specifically

selected from the group consisting of methyl, ethyl, H, F, CI, Br, I and -NR4Rs.

In accordance with the present invention X and Y, the same or different, may be for example,

H, F or NH,.

In accordance with the present invention R4 and Rs, the same or different, may be for

example, H.

The present invention also provides a process for synthesizing a compound of formula I or
formula Il described herein where Rq may be, more particularly, selected from the group
consisting of a straight alkyl group of 1 to 6 carbon atoms and a branched alkyl group of 3 to

6 carbon atoms. In accordance with the present invention Rq may be for example, iso-butyl.

The present invention also provides a process for synthesizing a compound of formula I or
formula II described herein where R3; may be, more specifically a group of formula R34-CO-,
wherein R34 may be selected, for example, from the group consisting of a straight or
branched alkyl group of 1 to 6 carbon atoms (e.g. methyl, ethyl-, propyl, iso-propyl, butyl,
1so-butyl, tert-butyl, tert-butyl-CH,-, etc.), an alkyloxy group of 1 to 6 carbon atoms. In
accordance with the present invention R34 may be, for example, a straight alkyl group of 1 to

6 carbon atoms or even more particularly methyl, ethyl or propyl.

The present invention also provides a process for synthesizing a compound of formula I or
formula Il described herein where X’ and Y’, the same or different, may be selected, for
example, from the group consisting of H, methyl, ethyl, F, Cl, Br, I and -NR4yR;5. More
particularly, X’ and Y’ may be H.

11
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The present invention also provides a process for synthesizing a compound of formula I or
formula II described herein where R, is more particularly a diphenylmethyl group

(substituted with X’ and/or Y’ or unsubstituted).

The present invention also provides a process for synthesizing a compound of formula I or
formula II described herein where R, is more particularly a naphthyl-1-CH,- group or a

naphthyl-2-CH;- group (substituted with X* and/or Y’ or unsubstituted).

The present invention also provides a process for synthesizing a compound of formula I or

formula II described herein where Ry may be, more particularly (HO),P(O).

For example, processes for synthesizing the following exemplary compounds, without

limitation, are encompassed by the present invention;

- a compound of formula I or Il wherein n is 4, R} is (HO),P(O), X isNH,, YisHor F, X’ is
H, Y’ is H, Rg is iso-butyl and R3 is CH30-CO;

- a compound of formula I or II wherein n is 4, R, is (HO),P(O), X is NH,, YisHor F, X’ is
H, Y’ is H, R is iso-butyl and Rj; is 4-morpholine-CO;

- a compound of formula I or II wherein nis 4, R is (HO),P(O), X is 4-NH,, Y is H, X" is H,
Y’ is H, R is iso-butyl and R3 is CH30-CO and R is as described herein;

- a compound of formula I or II wherein n is 4, R is (HO),P(O), X is 4-NH,, Y is H, X" is H,
Y’ is H, Rg is iso-butyl and Rj is 4-morpholine-CO and R; is as described herein;

- a compound of formula I or II wherein n is 4, R; is (HO),P(O), X is 4-NH,, Y is 3-F, X’ is
H, Y’ is H, Rg is iso-butyl and Rj is CH30-CO and R; is as described herein;

- a compound of formula I or II wherein n is 4, R, is (HO),P(O), X is 4-NH,, Y is3-F, X’ is
H, Y’ is H, Rg is iso-butyl and R3 is 4-morpholine-CO and R; is as described herein;
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- a compound of formula I or II wherein n is 4, R is (HO),P(O), X is 4-NH,, Y is H, X" is H,
Y’ is H, R is iso-butyl and R; is CH3;0-CO and R; is a naphthyl-2-CH,, and

- a compound of formula I or II wherein n is 4, R} is (HO),P(O), X is 4-NH,, Y is H, X’ is H,
5 Y’ is H, Rg is iso-butyl and Rj3 is 4-morpholine-CO and R is naphthyl-1-CH,.

In an exemplary embodiment of the present invention there is provided a process for

synthesizing a compound of formula /7/4:

Q
HO-P—OH

_0 QO H
OO % N)K(N ]
X_| AN S\N’ ( 2/n H 3

L'/ P | R2

Y Re
10 IA

the process may comprise a) reacting a compound of formula /4 :

OH O y
A SN
! 2
Y  Re
Y
IA

with a reagent mixture for converting an alcohol functional group of compound /4 into a
15 phosphoester functional group and b) converting the phosphoester functional group of the
resulting intermediate into a phosphonic acid functional group. In accordance with the
present invention, X, Y, X, Y’, n, Ry, R3, R4, Rs and Ry are as defined herein and may be the

same for both the above mentioned formulas.

20  In accordance with the present invention step a) may be carried out at a temperature ranging

from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance with
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the present invention, step a) may be carried out by dissolving compound /4 in a polar aprotic
solvent (e.g., tetrahydrofurane, acetonitril, DMF, etc.) and triethyl phosphate followed by the
addition of a dialkyl chlorophosphate (e.g., diethyl chlorophosphate) and then metal hydride
(e.g., alkali metal hydride, (e.g., sodium hydride)) (about 1.5 equivalent each). Step a) may

5 also comprise extracting and purifying (isolating) the resulting intermediate (compound //4).

Also in accordance with the present invention step b) may be carried out at a temperature
ranging from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance
with the present invention, step b) may be carried out by dissolving the intermediate of step
10 a)in a solvent (e.g., anhydrous dichloromethane or any equivalent thereof) and reacting with
trimethylsilyl bromide (bromotrimethylsilane), iodotrimethylsilane, HBr or chemical
equivalent thereof. Also in accordance with the present invention, step b) may also comprise

a step of removing (e.g., by evaporation) the solvent therefore providing compound ///4.

15 In another exemplary embodiment, the present invention relates to a process for synthesizing

a compound of formula III:

Q
HO—I”-OH
_0
z O
S\ N
: ’ R3
K( H Ra
n
the process may comprise a) reacting a compound of formula I :
OH
- o)
o\\ ,/o -, H\
Ra

N
K'/ : Rz
H2N

20  with a reagent mixture (e.g., metaphosphoric acid, polyphosphoric acid, polyphosphoric acid
esters, phosphorous oxychloride, trimethylsilyl polyphosphate or equivalent thereof in the

presence of an organic base in a solvent) for converting an alcohol functional group of the



20

25

WO 2007/062526 PCT/CA2006/001963

compound of formula /' into a phosphoester functional group and b) converting the
phosphoester functional group of the resulting intermediate into a phosphonic acid functional
group by reacting the resulting intermediate with an acid (e.g., hydrochloric acid or an
equivalent thereof). In accordance with the present invention, X’, Y’, Ry, R3, Ry, and Rs are

as defined herein and may be the same for both of the above formulas.

In accordance with the present invention step a) may be carried out at a temperature ranging
from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance with the
present invention, step a) may be carried out by dissolving compound 7’ in the polar aprotic
solvent and triethyl phosphate followed by the addition of a dialkylchlorophosphate (e.g.,
diethyl chlorophosphate) and then metal hydride (e.g., sodium hydride). Step a) may also

comprise extracting and purifying (isolating) the resulting intermediate (compound //).

Also in accordance with the present invention step b) may be carried out at a temperature
ranging from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance
with the present invention, step b) may be carried out by dissolving the intermediate of step
a) in anhydrous dichloromethane or an equivalent thereof (i.e., solvent) and reacting with
trimethylsilyl bromide (bromotrimethylsilane). Also in accordance with the present
invention, step b) may also comprise a step of removing the solvent therefore providing

compound /1.

In a further aspect, the present invention provides a process for synthesizing a compound of

formula Ila where R; is (OH),P(O);
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pharmaceutically acceptable salts and derivatives thereof (e.g., for example, when the
compound of the present invention comprises an amino group, the pharmaceutically

acceptable salt may be an ammonium salt),

wherein X and Y, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF3, -OCF3, -CN, -
NO,, -NR4Rs5, -NHCORy, -ORy4, -SR4, -COORy4, -CORy4, and -CH,OH or X and Y together
define an alkylenedioxy group selected from the group consisting of a methylenedioxy group

of formula -OCH;0- and an ethylenedioxy group of formula -OCH,CH,0-,

wherein X’ and Y’, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, CI, Br, I, -CF3, -NO,, -NR4Rs, -
NHCORy, -ORy, -SRy, -COOR4, -COR4 and -CH,OH,

and wherein n, R3, R4, Rs and Rg are as defined herein.

In accordance with the present invention, the process for synthesizing the above compounds

of formula Ila may comprise the steps of a) reacting a compound of formula

with a reagent mixture (e.g., metaphosphoric acid, polyphosphoric acid, polyphosphoric
acid esters, phosphorous oxychloride, trimethylsilyl polyphosphate or equivalent thereof in
the presence of an organic base in a solvent) for converting an alcohol functional group of
the above compound into a phosphoester functional group and b) converting the phosphoester
functional group of the resulting intermediate into a phosphonic acid functional group by

reacting the resulting intermediate with an acid (e.g., hydrochloric acid).
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In accordance with the present invention, X, Y, X, Y’, n, Ry, R3, R4, Rsand R are as defined

herein.

In accordance with the present invention step a) may be carried out at a temperature ranging
from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance with the
present invention, step a) may be carried out by dissolving the above described compound in
a polar aprotic soelvent (e.g., tetrahydrofurane, DMF, acetronitril, etc.) and triethyl phosphate
followed by the addition of a dialkylchlorophosphate (e.g., diethyl chlorophosphate) and then
metal hydride (e.g., sodium hydride). Step a) may also comprise extracting and purifying

(isolating) the resulting intermediate.

Also in accordance with the present invention step b) may be carried out at a temperature
ranging from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance
with the present invention, step b) may be carried out by dissolving the intermediate of step
a) in anhydrous dichloromethane (i.e., solvent) and reacting with trimethylsilyl bromide
(bromotrimethylsilane). Also in accordance with the present invention, step b) may also

comprise a step of removing the solvent therefore providing the above described compound

The present invention provides in an additional aspect an improved process for synthesizing a

compound of formula ///4;

I
HO‘F}’—OH

Y Q H

O\\ //O ;: N\R

X S\N/_(CHZ)-n—” 3
X—LO/ ' k

Y/ = Re
1A

the process may comprise the step of acylating a compound of formula X7V

17
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0
HO- P OH
S
. m/ (CHo)n—NH,
X R
Y 6
XIv

with a reactive amino acid having structure :

R

LG
HN

e
R3

Where LG represents a leaving group which may be a halogen (e.g., F,Cl, Br, I), an azide, a
symetrical anhydride (e.g., -OCO-C(R,)(NR3)) wherein R; and R; are as described herein, a
mixed anhydride, an active ester, a reactive hydroxylamine (e.g., N-hydroxysuccimimide)

etc., such as those commonly known in the art (Principles of peptide synthesis, M. Bodansky,
Springer-Verlag, 1984).

The absolute configuration of the amino acid may be R or S. The S form may yield some of

the active compounds described herein.

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C
(e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a) increasing the alkalinity of an aqueous solution comprising a compound of formula
X1V (e.g., with a base, e.g., sodium hydroxyde) up to about pH 7-10 and b) adding a solution
comprising the reactive amino acid in a polar aprotic solvent (e.g., acetone, THF, acetonitrile,
DMF or any equivalent thereof) and allowing reaction between the compound of formula X7V
and the reactive amino acid by agitation for a period of about 1-24 hours (or more) at a
temperature of about 0°C to about 40°C. Compound of formula ///4 may be isolated by
extraction of the aqueous phase with a suitable solvent (e.g., ethyl acetate, chloroform, DCM,
MEEK, isobutyl methyl ketone, TBDMK, halogenated solvents or any chemical equivalent
thereof).
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It is to be understood herein that a reaction time exceeding 24 hours or slightly less than 1

hour may be suitable to carry out the invention.

It is also to be understood herein that a temperature slightly exceeding 40°C or slightly less

than 0°C may be suitable to carry out the invention.

In accordance with the present invention, the proportion of compound X7V and reactive

amino acid may vary from about 2:1 to 1:2 or more particularly a proportion of about 1:1.1.

In accordance with the present invention, the aqueous phase may be acidified before being
extracted with the suitable solvent (e.g., ethyl acetate). Acidification of the aqueous phase
may be performed, for example by adjusting the pH to < 2 with a strong acid (e.g., HCI,

phosphoric acid, sulfuric acid, TFA solutions, etc.).

In accordance with the present invention, the suitable solvent may be evaporated, thereby

providing a substantially pure powder of the compound of formula /7/4.

Also in accordance with the present invention, X, Y, X’, Y’, n, Ry, R3, Ry, Rs and Rg are as

defined herein and may be the same for the above mentioned formulas.

Additionally, when X, Y, X, Y’, Ry, R3, R4, Rs and R comprise a reactive group (e.g., -NH>
etc.), it is to be understood herein that a protective group, such as for example, a carbamate
(e.g. Boc), an amide (e.g. Ac), a phosphonate (e.g. —~P(O)(OEt),, may transiently be attached

during the synthesis process.

Therefore, when X and/or Y are for example NR4Rs, R4 and/or Rs may also be a protective
group selected from the group consisting of for example, a carbamate (e.g. Boc (tert-
butoxycarbonyl)), an amide (e.g. Acetyl), a phosphonate (e.g. —P(O)(OEt),, which may
transiently be present during the synthesis process and which may be converted into a NH,

group upon hydrolysis.
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In accordance with another embodiment of the invention, X and Y, the same or different, may
be, more specifically selected from the group consisting of methyl, ethyl, H, F, Cl, Br, I and -
NR4Rs.

In accordance with the present invention R4 and Rs, the same or different, may be for

example, H or a protective group.

More particularly, X and Y, the same or different, may be for example, H, F or NH,.

In accordance with a further embodiment of the invention, R¢ may be, more particularly.
selected from the group consisting of a straight alkyl group of 1 to 6 carbon atoms and a
branched alkyl group of 3 to 6 carbon atoms. More particularly, R, may be for example, iso-

butyl.

In accordance with yet a further embodiment of the invention, R3 may be, more specifically a
group of formula R34-CO-, where R34 may be selected, for example, from the group
consisting of a straight or branched alkyl group of 1 to 6 carbon atoms (e.g. methyl, ethyl-,
propyl, iso-propyl, butyl, iso-butyl, tert-butyl, tert-butyl-CH,-, etc.), an alkyloxy group of 1 to
6 carbon atoms. In accordance with the present invention R34 may be, for example, a straight

alkyl group of 1 to 6 carbon atoms or even more particularly methyl, ethyl or propyl.

In accordance with an additional embodiment of the invention, R, may be more particularly a

diphenylmethyl group (substituted with X’ and/or Y’ or unsubstituted).

In accordance with yet an additional embodiment of the invention, R, may more particularly
be a naphthyl-1-CH,- group or a naphthyl-2-CH,- (substituted with X’ and/or Y’ or

unsubstituted).

Also in accordance with a further embodiment, X’ and Y’, the same or different, may be
selected, for example, from the group consisting of H, methyl, ethyl, F, Cl, Br, I and -NR4Rs.
More particularly, X’ and Y’ may be H.

The present invention relates in a further aspect thereof to an improved process for

synthesizing a compound of formula /7]

20
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9

HO-?-OH
O

o, 0 < ? H
/©/ S< N N N "Ry
HoN H/ H R
m
the process may comprise the steps of acylating a compound of formula X7X

0

HO-P—-OH

0
Y
S\ L/\/\
L( "

O\
HoN” :

with a reactive amino acid having structure :

LG
e

|
Ry O

XIX

where LG represents a leaving group which may be a halogen, e.g., F,Cl, Br, I, an azide, a
symetrical anhydride (e.g., -OCO-C(R;,)(NR3)) wherein R, and Rj are as described herein, a
mixed anhydride, an active ester, a reactive hydroxylamine (e.g., N-hydroxysuccimimide)
such as those commonly known in the art (Principles of peptide synthesis, M. Bodansky,

Springer-Verlag, 1984 the entire content of which is incorporated herein by reference).

The absolute configuration of the amino acid may be R or S. The S form may yield some of

the active compounds described herein.

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C
(e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a) increasing the alkalinity of an aqueous solution comprising a compound of formula

XIX (with a base, e.g., sodium hydroxyde) up to pH 7 to pH 10 and b) adding a solution

21
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comprising the reactive amino acid in a dipolar aprotic solvent (e.g., acetone, THF,
acetonitrile, etc.) and allowing reaction between the compound of formula XZX and the
reactive amino acid by agitation of the mixture for a period of 1 to 24 hours at a temperature
of from about 0°C to about 40°C. Compound of formula /// may be isolated by extraction of
the aqueous phase with a suitable solvent (e.g., ethyl acetate, chloroform, DCM, MEEK,

isobutyl methyl ketone, TBDMK, halogenated solvents or any chemical equivalent thereof).

In accordance with the present invention, the proportion of compound XX and reactive

amino acid may may vary from about 2:1 to 1:2 or more particularly about 1:1.1.

In accordance with the present invention, the aqueous phase may be acidified before being
extracted with the suitable solvent (e.g., ethyl acetate). Acidification of the aqueous phase
may be performed, for example by adjusting the pH to < 2 with a strong acid (e.g., HCI,

phosphoric acid, sulfuric acid, TFA solutions, etc.).

In accordance with the present invention, the suitable solvent may be evaporated, thercby

providing a substantially pure powder of the compound of formula ///.

An exemplary reactive amino acid may include, for example, a compound of formula

In accordance with the present invention, X’, Y’, Ry, R3, R4, and Rs are as defined herein and

may be the same for the above mentioned formulas.

In accordance with an embodiment of the invention, R3 may be, more specifically a group of
formula R32-CO-, where R34 may be selected, for example, from the group consisting of a
straight or branched alkyl group of 1 to 6 carbon atoms (e.g. methyl, ethyl-, propyl, iso-
propyl, butyl, iso-butyl, tert-butyl, tert-butyl-CH,-, etc.), an alkyloxy group of 1 to 6 carbon

22
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atoms. In accordance with the present invention R34 may be, for example, a straight alkyl

group of 1 to 6 carbon atoms or even more particularly methyl, ethyl or propyl.

In accordance with an additional embodiment of the invention, R; may be more particularly a

diphenylmethyl group (substituted with X’ and/or Y’ or unsubstituted).

In accordance with yet an additional embodiment of the invention, R; may more particularly
be a naphthyl-1-CH,- group or a naphthyl-2-CH,- (substituted with X’ and/or Y' or

unsubstituted).

Also in accordance with a further embodiment, X’ and Y’, the same or different, may be
selected, for example, from the group consisting of H, methyl, ethyl, F, Cl, Br, I and -NR4Rs.
More particularly, X’ and Y’ may be H.

In an additional aspect, the present invention relates to an improved process for synthesizing
a compound of formula Ila as described herein, wherein R, is (HO),P(O) and wherein Rj is
CH30CO, the process may comprise the step of acylating a compound of formula X7V

O

HO—%—OH

o)
Q>JD/[;
S

, \y (CH,)n——NH,

XIv

In accordance with the present invention, X, Y, X', Y’, n, R4, Rs and R, are as defined herein

and may be the same for the above mentioned formulas.
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When X, Y, X’, Y’, R4, Rs and R¢ comprise a reactive group (e.g., -NH, etc.), it is to be
understood herein that a protective group such as for example a carbamate (e.g. Boc), an
amide (e.g. Ac), a phosphonate (e.g. —P(O)(OEt),), may transiently be attached during the

synthesis process.

Therefore, when X and/or Y are for example NR4Rs, R4 and/or Rs may also be a protective
group selected from the group consisting of for example, a carbamate (e.g. Boc (tert-
butoxycarbonyl)), an amide (e.g. Acetyl), a phosphonate (e.g. —P(O)(OEt);, which may
transiently be present during the synthesis process and which may converted into a NH,

group upon hydrolysis.

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C
(e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a) increasing the alkalinity of an aqueous solution comprising a compound of formula
X1V (with a base, e.g., sodium hydroxyde) up to about pH 7 to about pH 10 and b) adding a
solution comprising the reactive amino acid in a dipolar aprotic solvent (e.g., acetone, THF,
acetonitrile, or an equivalent thereof) and allowing reaction between the compound of
formula X7V and the reactive amino acid by agitation for a period of 1 to 24 hours or more at
a temperature of from about 0°C to about 40°C. Compound of formula Ila may be isolated
by extraction of the aqueous phase with a suitable solvent (e.g., ethyl acetate, chloroform,
DCM, MEEK, isobutyl methyl ketone, TBDMK, halogenated solvents or any chemical

equivalent thereof).

In accordance with the present invention, the proportion of compound X/X and reactive
amino acid may may vary from about 2:1 to 1:2 or more particularly a proportion of about

1:1.1.

In accordance with the present invention, the aqueous phase may be acidified before being
extracted with the suitable solvent (e.g., ethyl acetate). Acidification of the aqueous phase
may be performed, for example by adjusting the pH to < 2 with a strong acid (e.g., HCI,

phosphoric acid, sulfuric acid, TFA solutions, etc.).
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In accordance with the present invention, the suitable solvent may be evaporated, thereby

providing a substantially pure powder of the compound of formula Ila.

In accordance with another embodiment of the invention, X and Y, the same or different, may
be, more specifically selected from the group consisting of methyl, ethyl, H, F, CI, Br, I and -
NR4Rs.

In accordance with the present invention R;-and Rs, the same or different, may be for

example, H, tert-butoxycarbonyl, etc.

More particularly, X and Y, the same or different, may be for example, H, F or NH,.

In accordance with a further embodiment of the invention, R¢ may be, more particularly,
selected from the group consisting of a straight alkyl group of 1 to 6 carbon atoms and a
branched alkyl group of 3 to 6 carbon atoms. More particularly, R¢ may be for example, iso-

butyl.

Also in accordance with yet a further embodiment, X’ and Y’, the same or different, may be
selected, for example, from the group consisting of H, methyl, ethyl, F, Cl, Br, I and -NR4Rs.
More particularly, X* and Y’ may be H.

In accordance with an embodiment of the the present invention, a PL-461 compound of

formula //IB;

i
HO—IID—OH

l 111B
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may be synthesized using a process which may comprise the step of acylating a compound of

formula XX

XIX
with a reactive amino acid of formula
C_
HN °N
(@]
O/gO o)

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C
(e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a) increasing the alkalinity of an aqueous solution comprising a compound of formula
XIX (e.g., with a base, e.g., sodium hydroxyde) up to about pH 7 to about pH 10 and b)
adding a solution comprising the reactive amino acid in a dipolar aprotic solvent (e.g.,
acetone, THF, acetonitrile, or any equivalent thereof) and allowing reaction between the
compound of formula X/X and the reactive amino acid by agitation for a period of about 1 to
about 24 hours or more at a temperature of about about 0°C to about 40°C. The PL.-461
compound may be isolated by extraction of the aqueous phase with a suitable solvent (e.g.,
ethyl acetate, chloroform, DCM, MEEK, isobutyl methyl ketone, TBDMK, halogenated

solvents or any chemical equivalent thereof).

In accordance with the present invention, the proportion of compound XIX and reactive
amino acid may vary from about 2:1 to 1:2 or more particularly in a proportion of about

1:1.1.
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In accordance with the present invention, the aqueous phase may be acidified before being
extracted with the suitable solvent (e.g., ethyl acetate). Acidification of the aqueous phase
may be performed, for example by adjusting the pH to < 2 with a strong acid (e.g., HCI,

phosphoric acid, sulfuric acid, TFA solutions, etc.).

In accordance with the present invention, the suitable solvent may be evaporated, thereby

providing a substantially pure powder of the PL-461 compound.

Further in accordance with the present invention, a PL-462 compound of formula

[
NaO—P—ONa

may be synthesized using a process which may comprise the step of reacting a free acid of
PL-461 with a sodium base. Other alkali metal salts may be prepared by treating the PL-461
compound with a corresponding alkali metal base. Also in accordance with the invention,
divalent metals such as Ca, Mg, Zn, etc. (e.g., as acetate salts) may be used to make the

corresponding PL462-salts.

More particularly, the present invention relates to a process for the preparation of compound

of formula I7IB (PL-461)
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/ 0" ~o
OO N
H HCI
0
— @]

B

the process may comprise the steps of
a) phosphorylating a compound of formula XV1/
0]

=
HN—\_\\/OH
FN\S:"@
o) NH\(O
Xvii ><O

S
with for example, metaphosphoric acid, polyphosphoric acid, polyphosphoric
acid esters, trimethylsilyl polyphosphate, phosphorous oxychloride or
equivalent thereof, in the presence of an organic base (e.g., a tertiary amine
(e.g. pyridine, etc.)), in a dipolar aprotic solvent (e.g., MiBK, acetone, etc.);

10 b) hydrolyzing the compound of a) in the presence of concentrated hydrochloric

acid to give a water soluble hydrochloric salt of phosphoric acid mono ester, and;
c) acylating the compound of step b) comprised in an aqueous solution with a
suitable reactive amino acid as described herein to provide the phosphate mono ester

of formula ///B
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B

In accordance with the present invention, the dipolar aprotic solvent may be, for example,

methyl iso-butyl ketone or acetone.

In accordance with the present invention, the suitable reactive amino acid may be, for

example, a compound of formula :

10 In accordance with another embodiment of the present invention, a PL-515 compound of

formula;

1
HO—T—OH
—0 0
O\\ //O H

15 may be synthesized using a process which may comprise the step of acylating a compound of
formula X7X"
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2
HoN \\'/
XX’
with a reactive amino acid of formula
ULl
O.
HN N
0]
O/&O 0

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C
(e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a) increasing the alkalinity of an aqueous solution comprising a compound of formula
XIX’ (e.g., with a base, e.g., sodium hydroxyde) up to about pH 7 to about pH 10 and b)
adding a solution comprising the reactive amino acid in a dipolar aprotic solvent (e.g..
acetone, THF, acetonitrile or any equivalent thereof) and allowing reaction between the
compound of formula X2X" and the reactive amino acid by agitation for a period of about 1 to
about 24 hours at a temperature of about 0°C to about 40°C. The compound PL-515 may be
isolated by extraction of the aqueous phase with a suitable solvent (e.g., ethyl acetate,
chloroform, DCM, MEEK, TBDMK, isobutyl methyl ketone, halogenated solvents or any

equivalent thereof).
In accordance with the present invention, the proportion of compound XX’ and reactive

amino acid may vary from about 2:1 to 1:2 or more particularly in a proportion of about

1:1.1.
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In accordance with the present invention, the aqueous phase may be acidified before being
extracted with the suitable solvent. Acidification of the aqueous phase may be performed,
for example by adjusting the pH to < 2 with a strong acid (e.g., HCI, phosphoric acid, sulfuric

acid, TFA solutions, etc.).

In accordance with the present invention, the suitable solvent may be evaporated, thereby

providing a substantially pure powder of the compound PL-515.

An alkali metal salt of PL-515 may be prepared as indicated for PL-462.

Alternatively, PL-515 may be generated by selective fluorination (e.g., using an electrophilic

fluorinating compound) of the PL-461 compound.

The present invention in further aspects, provides novel intermediates, their synthesis and
their use in the preparation of the lysine based compounds, derivatives and pharmaceutically

acceptable salts described herein.

In another aspect, the present invention relates to intermediates of formula X7 useful to
generate several compounds described herein including their derivatives and

pharmaceutically acceptable salts thereof;

XV’

wherein n may be 3 or 4;

wherein X and Y, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF3, -OCF;. -CN,
-NO,, -NR4Rs, -NHCORy, -ORy4, -SRy4, -COOR4, -CORy4, and -CH,OH or X and Y together
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define an alkylenedioxy group selected from the group consisting of a methylenedioxy group

of formula -OCH;,0- and an ethylenedioxy group of formula -OCH,CH,0-,

wherein R¢ may be selected, for example, from the group consisting of a straight alkyl group
of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl
group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the

alkyl part thereof,

wherein R4 and Rs, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms and a protective group selected
from the group consisting of a carbamate (e.g. Boc), an amide (e.g. Ac), a phosphonate (¢.g. —

P(O)(OE),,

wherein R4’ and Ry’, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, and a protective group selected
from the group consisting of a carbamate (e.g. Boc), an amide (e.g. Ac), a phosphonate (e.g. —
P(O)(OEY),,

The present invention therefore provides a compound of formula X7 wherein n may be,

more particularly, 4.

The present invention also provides a compound of formula XV’ where X and Y, the same or
different, may be, more specifically selected from the group consisting of methyl, ethyl, H, F,

Cl, Br, I and -NR4Rs.

In accordance with the present invention at least one of R4 or Rs is a protective group.

In accordance with the present invention X and Y, the same or different, may be for example,

H, F or NH,.

In accordance with the present invention R4 and Rs, the same or different, may be for

example, H or a protective group.
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The present invention also provides a compound of formula X7'" where R4’ and Rs’, the same

or different, may be selected, for example, from the group consisting of H and a protective

group.

The present invention further provides a compound of formula XV’ where R¢ may be, more
particularly, selected from the group consisting of a straight alkyl group of 1 to 6 carbon
atoms and a branched alkyl group of 3 to 6 carbon atoms. In accordance with the present

invention R¢ may be for example, iso-butyl.

For example, compounds of the present invention, include, without limitation, the following;

- a compound of formula X7’ whereinnis 4, X isNH,, YisHor F, X isH, Y’ isH, Ry is H
and Rs-, is H and Rg is iso-butyl;

- a compound of formula XV’ wherein n is 4, X is 4-NH,, Y is H, X" is H, Y is H, Ry is H
and Rs:, and Rg is iso-butyl;

- a compound of formula X7, wherein nis 4, X is 4-NH», Y is 3-F, X’ is H, Y’ is H, Ry is H
and Ry, and Rg is iso-butyl,

- a compound of formula XV’ whereinnis 4, X isNHy, YisHor F, X" isH, Y’ is H, R4 is H

and Rs is a protective group and R is iso-butyl;

- a compound of formula XV’ whereinnis 4, X is NH, YisHor F, X" is H, Y’ is H, Ry is H,
Rs-1s H and Rg is iso-butyl;

- a compound of formula X7’ wherein nis 4, X is 4-NH,, Y is H, X" is H, Y  is H, R4 1s H,

Rs is a protective group and Ry is iso-butyl;
In an additional aspect, the present invention relates to intermediates of formula X7V useful to

generate several compounds described herein including their derivatives and

pharmaceutically acceptable salts thereof;
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XIv

wherein n may be 3 or 4,

wherein X and Y, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF3, -OCF;3;, -CN,
-NO,, -NR4Rs, -NHCOR,, -OR4, -SRy4, -COOR4, -CORy, and -CH,OH or X and Y together
define an alkylenedioxy group selected from the group consisting of a methylenedioxy group

of formula -OCH,0- and an ethylenedioxy group of formula -OCH,CH,O-,

wherein Rq may be selected, for example, from the group consisting of a straight alkyl group
of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl
group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the

alkyl part thereof, and;

wherein R4 and Rs, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, and a protective group selected
from the group consisting of a carbamate (e.g. Boc), an amide (e.g. Ac), a phosphonate (e.g. —
P(O)(OEY),,

The present invention therefore provides a compound of formula X7V wherein n may be,

more particularly, 4.

The present invention also provides a compound of formula X7V where X and Y, the same or

different, may be, more specifically selected from the group consisting of methyl, ethyl, H, I,

Cl, Br, I and -NR4Rs.
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In accordance with the present invention, at least one of R4 or Rs is a protective group.

In accordance with the present invention X and Y, the same or different, may be for example,

H, F or NH..

In accordance with the present invention R4 and Rs, the same or different, may be for

example, H or a protective group.

The present invention also provides a compound of formula X/ where Ry may be, more
particularly, selected from the group consisting of a straight alkyl group of 1 to 6 carbon
atoms and a branched alkyl group of 3 to 6 carbon atoms. In accordance with the present

invention R¢ may be for example, iso-butyl.

In an additional aspect, the present invention relates to intermediates of formula XV useful to
generate several compounds described herein including their derivatives and

pharmaceutically acceptable salts thereof;

XV

, wherein n may be 3 or 4

wherein Y may be selected, for example, from the group consisting of H, a straight alkyl
group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkyl
group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF;, -OCF3, -CN, -NO,, -NR4Rs, -NHCORy, -
ORy, -SR4, -COORy, -CORy, and -CH,0H;

wherein R¢ may be selected, for example, from the group consisting of a straight alkyl group

of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl
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group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the

alkyl part thereof, and;

wherein R4 and Rs, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to

6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, and tert-butoxycarbonyl.

The present invention therefore provides a compound of formula XV wherein n may be, more

particularly, 4.

The present invention also provides a compound of formula XV where Y may be, more

specifically selected from the group consisting of methyl, ethyl, H, F, Cl, Br, I and -NR4Rs.

In accordance with the present invention Y may be for example, H, F, Cl, or Br. More

particularly, Y may be at position 3. For example Y may be 3-F.

The present invention also provides a compound of formula XV where R¢ may be, more
particularly, selected from the group consisting of a straight alkyl group of 1 to 6 carbon
atoms and a branched alkyl group of 3 to 6 carbon atoms. In accordance with the present

invention R¢ may be for example, iso-butyl.

In a further aspect, the present invention relates to intermediates of formula XV7 useful to
generate several compounds described herein including their derivatives and

pharmaceutically acceptable salts thereof’;

wherein Y may be selected, for example, from the group consisting of H, a straight alkyl

group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkyl
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group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF;, -OCF3, -CN, -NO,, -NR4Rs, -NHCORy, -
ORy4, -SRy4, -COORy, -COR4, and -CH,OH

wherein Ry may be selected, for example, from the group consisting of a straight alkyl group
of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl
group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the

alkyl part thereof, and;
wherein R4 and Rs, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of | to 6 carbon atoms, a branched alkyl group of 3 to

6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms and tert-butoxycarbonyl.

The present invention also provides a compound of formula XVI where Y may be, more

specifically selected from the group consisting of methyl, ethyl, H, F, Cl, Br, I and -NR4Rs.
In accordance with the present invention Y may be for example, H, F, Cl, or Br.

The present invention also provides a compound of formula XV/ where Rq may be, more
particularly, selected from the group consisting of a straight alkyl group of 1 to 6 carbon
atoms and a branched alkyl group of 3 to 6 carbon atoms. In accordance with the present

invention R¢ may be for example, iso-butyl.

In accordance with an embodiment of the present invention more particularly relates to an

intermediate of formula X/X

g L/\/\
S
N NH
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In yet an additional aspect, the present invention relates to the use of at least one intermediate
of formula X1V, XV, XV’, XVI, XIX and/or XIX’ in the manufacture of a drug (or
pharmaceutical composition) comprising at least one compound described herein as well as

derivatives and pharmaceutically acceptable salts thereof.

The terms “HIV protease” and “HIV aspartyl protease” are used interchangeably and include

the aspartyl protease encoded by the human immunodeficiency virus type 1 or 2.

The terms “pharmaceutically acceptable carrier”, “pharmaceutically acceptable adjuvant”
and “physiologically acceptable vehicle” refer to a non-toxic carrier or adjuvant that may be
administered to a patient, together with one or more compounds of the present invention, and

which does not destroy the pharmacological activity thereof.

A “pharmaceutically acceptable derivative” means any pharmaceutically acceptable salt (e.g..
ammonium salt, etc.), ester, or salt of such ester, of a compound of this invention or any other
compound which, upon administration to a recipient, is capable of providing (directly or

indirectly) a compound of this invention or an antivirally active metabolite or residue thereof.

It is to be understood herein that a “straight alkyl group of 1 to 6 carbon atoms” includes for

example, methyl, ethyl, propyl, butyl, pentyl and hexyl.

It is to be understood herein that a “branched alkyl group of 3 to 6 carbon atoms” includes for

example, without limitation, iso-butyl, fers-butyl, 2-pentyl, 3-pentyl, etc.

It is to be understood herein, that a “cycloalkyl group having 3 to 6 carbon™ includes for
example, without limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclocyclohexyl (i.e.,

CeHny).

The term "pharmaceutically acceptable salt" refers to either a basic addition salt or an acid

addition salt.

The expression "pharmaceutically acceptable acid addition salts" is intended to apply to any
non-toxic organic or inorganic acid addition salt of a base compound or any of its

intermediates. Illustrative inorganic acids which form suitable salts include hydrochloric,
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hydrobromic, sulphuric, and phosphoric acid and acid metal salts such as sodium
monohydrogen orthophosphate, and potassium hydrogen sulfate. Illustrative organic acids
which form suitable salts include the mono-, di-, and tricarboxylic acids. Illustrative of such
acids are, for example, acetic, glycolic, lactic, pyruvic, malonic, succinic, glutaric, fumaric,
malic, tartaric, citric, ascorbic, maleic, hydroxymaleic, benzoic, hydroxy-benzoic,
phenylacetic, cinnamic, salicyclic, 2-phenoxy-benzoic, p-toluenesulfonic acid, and sulfonic
acids such as methanesulfonic acid and 2-hydroxyethane sulfonic acid. Such salts can exist in

either a hydrated or substantially anhydrous form.

The expression "pharmaceutically acceptable basic addition salts" is intended to apply to any
non-toxic organic or inorganic basic addition salts of a compound or any of its intermediates.
[llustrative bases which form suitable salts include alkali metal or alkaline-earth metal
hydroxides such as sodium, potassium, calcium, magnesium, or barium hydroxides;
ammonia, and aliphatic, alicyclic, or aromatic organic amines such as methylamine,
dimethylamine, trimethylamine, and picoline. Either the mono- or di-basic salts may be

formed with those compounds.

Salts derived from appropriate bases include alkali metal (e.g., sodium), alkaline earth metal

(e.g., magnesium), ammonium and N - (C;4alkyl)," salts.

The compounds of this invention contain one or more asymmetric carbon atoms and thus may
occur as racemates and racemic mixtures, single enantiomer, diastereomeric mixtures and
individual diastereoisomers. All such isomeric forms of these compounds are expressly
included in the present invention. Each stereogenic carbon may be of the R or S

configuration.

Pharmaceutically acceptable salts of the compounds of this invention include those derived
from pharmaceutically acceptable inorganic and organic acids and bases. Examples of such
acid salts include: acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate,
butyrate, citrate, camphorate, camphorsulfonate, cyclopentanepropionate, digluconate,
dodecylhydrogensulfate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptanoate, glycerophosphate, glycollate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,

malonate, methanesulfonate, 2-naphthylsulfonate, nicotinate, nitrate, oxalate, pamoate,
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pectinate, perchlorate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate,

propionate, salicylate, succinate, sulfate, tartrate, thiocyanate, tosylate, and undecanoate.

This invention also envisions the quaternization of any basic nitrogen containing groups of
the compounds disclosed herein. The basic nitrogen may be quaternized with any agents
known to those of ordinary skill in the art including, for example, lower alkyl halides, such as
methyl, ethyl, propyl and butyl chlorides, bromides and iodides; dialkyl sulfates including
dimethyl, diethyl, dibutyl and diamyl sulfates; long chain halides such as decyl, lauryl,
myristyl and stearyl chlorides, bromides and iodides, and aralkyl halides including benzyl and
phenethyl bromides. Water or oil-soluble or dispersible products may be obtained by such

quaternization.

It is to be understood herein, that if a "range" or "group of substances" is mentioned with
respect to a particular characteristic (e.g.. temperature, concentration, time and the like) of the
present invention, the present invention relates to and explicitly incorporates herein each and
every specific member and combination of sub-ranges or sub-groups therein whatsoever.
Thus, any specified range or group is to be understood as a shorthand way of referring to each
and every member of a range or group individually as well as each and every possible sub-
ranges or sub-groups encompassed therein; and similarly with respect to any sub-ranges or

sub-groups therein. Thus, for example,

- with respect to the number of carbon atoms, the mention of the range of 1 to 6
carbon atoms is to be understood herein as incorporating each and every individual
number of carbon atoms as well as sub-ranges such as, for example, 1 carbon atoms,

3 carbon atoms, 4 to 6 carbon atoms, etc.

- with respect to reaction time, a time of between 1 to 24 hours or more, is to be
understood as specifically incorporating herein each and every individual time, as
well as sub-range, between and including 1 and 24 hours, such as for example 1.5

hours, 12 hours, 22.25 hours, etc.,

- with respect to a temperature range of from about 0°C to about 40°C, it is to be
understood herein as specifically incorporating herein each and every individual
temperature, as well as sub-range, between and including 0°C and 40°C, such as for

example 4°C, 4.5°C, 16°C, 20°C, 22°C, 32.7°C, etc.
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- a temperature range of about 0°C to about 40°C also includes, for example,
ranges of between about 0°C and about 35°C, between about 0°C and about 30°C,

between about 0°C and about 22°C, between about 10°C and about 25°C etc.

- and similarly with respect to other parameters such as concentrations, elements,

etc...

It is in particular to be understood herein that the compound formulae each include each and
every individual compound described thereby as well as each and every possible class or sub-
group or sub-class of compounds whether such class or sub-class is defined as positively
including particular compounds, as excluding particular compounds or a combination
thereof; for example an exclusionary definition for the formula (e.g. I) may read as follows:
“provided that when one of A or B is -COOH and the other is H, -COOH may not occupy the

4’ position™.

It is also to be understood herein that "g" or "gm" is a reference to the gram weight unit and

“C”, or “°C ™ is a reference to the Celsius temperature unit.

BRIEF DESCRIPTION OF THE DRAWINGS

In drawings which illustrates exemplary embodiments of the present invention;

Fig. 1 is a microscopic image of the PL-462 compound in aqueous solution (magnification of

200X) and;

Fig. 2 is a diagram representing the titration curve of PL-462 with NaOH.

DETAILED DESCRIPTION OF THE INVENTION

The compounds of the present invention may be prepared using conventional techniques from

readily available starting materials. The detailed descriptions of these approaches are
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presented below. However, improved processes are described more particularly in schemes

2B, 2C and 2D below.

Scheme 1 illustrates a generic example for the preparation of the phosphate monoester 117
derived from a primary alcohol (see I), a compound of HIV protease inhibitors (see example
1 (step G and H) in the experimental portion of this document for a specific example of this

synthesis).

Note:

a) R, and Rj are as defined herein.

The synthesis of phosphate monoester JII may use a HIV aspartyl protease inhibitor (I’, see
US patent no. 6,632,816 (identified as I)) as the starting material. The diethyl phosphotriester
II was obtained in good yield upon treatment with diethyl chlorophosphate and sodium
hydride in a mixture of tetrahydrofuran and triethylphosphate. Then, addition of trimethysilyl

bromide in dichloromethane (DCM) gave compound 717 in good to excellent yields.

Scheme 1

Diethyl chlorophosphate, 0
Oy triethylphosphate, o) e o)

o, ,0 = 0 =
N\ N \DRZ
L~ NN THF, H 2 A~
S N Nkr R3_'_Ni_> S\N N
H R
2
H,N H,N
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Scheme 1A represents another generic example for the preparation of the phosphate
monoester ITI4 derived from a primary alcohol (see I4), a compound of HIV protease

inhibitors.

5 Note:
a)n, X, Y, Ry, R3 and R¢ are as defined herein.

Scheme 1A 0
E10-P-OFt
_OH 0] n Diethyl chlorophosphate, 0 0O H
0.,0 = J\I/ ‘R triethylphosphate, 0O O ° N.
g ~—{CH N *  THF,NaH ST CH N ] Rs
X(jr?’ "R — s x 7N "H R
U .t \ 2
k/ _— R6 Ll/ P> R6
Y Y
IA 1A
1) TMS-Br
DCM
2) H,0
il
HO—E’#OH
o9
O\\S//o M {CHz)n—N R3
N "N
X H R,
\
/N Re
Y

A

10 The synthesis of phosphate monoester I1IA4 is performed as described for the preparation of

HI (scheme 1).

Scheme 2A illustrates a generic example for the preparation of the phosphate monoester 171,
a compound of HIV protease inhibitors, with a different approach starting from (35)-3-

15 isobutylamino-azepan-2-one (IV).

Note:

a) R, and Rjs are as defined herein.
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As shown in scheme 2A, the phosphate monoester derivative III was obtained from (35)-3-
isobutylamino-azepan-2-one (IV) in a seven-step reaction sequence. Initially, (2S)-3-
isobutylamino-azepan-2-one (V) was sulfonated with 4-acetamidobenzenesulfonyl chloride
in the presence of triethylamine in dichloromethane to give compound V in excellent yields.
The derivative ¥1 was obtained quantitatively upon treatment of V' with di-fers-butyl
pyrocarbonate and DMAP in acetonitrile. The reductive ring opening with sodium
borohydride in ethanol lead to key intermediates VII in good yield. The diethyl
phosphotriester VIIT was obtained in good yield upon treatment with diethyl chlorophosphate
and sodium hydride in a mixture of tetrahydrofuran and triethylphosphate. The Boc
protective groups were removed upon treatment with HCI in ethanol to give compound IX
quantitatively (T.W. Greene and P. G. M. Wuts, Protective groups in Organic Synthesis, 3™
Edition, John Wiley & Sons, Inc. 1999). Then, coupling of the free amino group present on
intermediate IX with a variety of synthetic amino acid in the presence of 1-
hydroxybenzotriazole ~ (HOBt) and  1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride (EDAC) led to derivative IT in good to excellent yields. Finally, addition of
trimethysilyl bromide in dichloromethane (DCM) gave compound III in good to excellent

yields.
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Scheme 2A
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Alternatively, it has also been found that the use of phosphorous oxychloride in the reaction
with intermediate VII provides, after hydrolysis of the carbamate groups and acylation of the
resulting free primary amine, the phosphate mono ester 717 in only three steps. This

improved process yield 50-55% of III (scheme 2B).
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From an industrial point of view, the sequence oftfers an advantageously less expensive, less
complex and shorter process for the preparation of II1 and uses chemicals that are less

harmful to the environment.

Scheme 2B
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Phosphorylation of VIT was carried out with phosphorous oxychloride in the presence of a
base, typically an organic base such as pyridine, in a dipolar aprotic solvent such as methyl
10  iso-butyl ketone or acetone. The compound XVIII, was recovered in a yield ranging from 70
to 80 %.
Hydrolysis of the carbamate protecting group, carried out, for example, in methyl iso-butyl
ketone at 50°C or in methyl tert-butyl ketone at 55°C in the presence of concentrated
hydrochloric acid, gives the water soluble hydrochloric salt of phosphate mono ester XIX in
i1s  good to excellent yield. Acylation of XIX with an amino acid was performed under aqueous
conditions as reported by Anderson et al. in the J. Am. Chem. Soc. 1964, 1839 and afforded
compound /1T in good yield. The use of methyl tert-butyl ketone solvent may facilitate the

direct extraction of this intermediate in the aqueous phase.

20 The pH controlled aqueous solution above may, for example, be treated with 2-

methoxycarbonylamino-3,3-diphenyl-propionic ~ acid  2,5-dioxo-pyrrolidin-1-yl  ester.
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Compound PL-461 free acid may be precipitated from reaction mixture by acidification with

diluted aqueous hydrochloric acid.

Finally, PL-461

(Na), may be obtained by

recrystallization of crude PL-461 free acid in 1% aqueous sodium chloride solution at pH 9-

10 (81% yield).
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