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A NOVEL PROCESS FOR THE PREPARATION OF 3-AMINO-PENTAN-1,5-DIOL

Rheumatoid arthritis (RA) is a systemic disease of unknown etiology that occurs
predominantly in women. The progressive joint destruction associated with RA is
mediated by a complex inflammatory tissue called pannus that is composed of
macrophages, fibroblasts, synoviocytes, and blood vessels. Secreted proteins called
cytokines control the formation and function of pannus. Specific cytokines that are
believed to play a role in mediating the inflammation of RA include TNFa, IL-18, and
IL-6.

P38a MARK is an enzyme important to the intracellular signaling pathway for the
generation of TNFa and IL-1b. Multiple extracellular stimuli including stress signals
such as lipopolysaccharide, osmotic or heat shock, and pro-inflammatory cytokines such
as TNFa, IL-16 stimulate the P38 pathway. Activation of the P38a pathway causes both
transcriptional and translation modulation of gene expression of TNFa, IL-18 that is both

cell type and signal specific.

Biological agents that selectively neutralize pro-inflammatory cytokines (tumor necrosis
factor such as TNFa and interleukin [IL]-18) have been shown to reduce the number of
swollen and tender joints and to retard the destruction of joint tissue. P38 inhibitors of
the pyridinylimadazole class block the destruction of joint tissue and the production of
the TNFa and IL-18 in monocytes and in animal models of arthritis. Currently, there are
no marketed, orally active, safe and effective agents that act primarily to inhibit TNFa or
IL-18. 6-(2, 4-difluorophenoxy)-2-[3-hydroxy-1-(2-hydroxyethyl)-propylamino]-8-
methyl-8H-pyrido[2,3-d]pyrimidine-7-one (1) is being developed as an oral agent that
will suppress IL-18, TNFa, and related cytokine production, with the potential to provide

increased safety and efficacy compared to the current standard oral therapies for RA.

International patent publications; WO 02/18379 (A2), WO 01/29401 (A1), and WO
02/064594 (A2) and U.S. Patent Application Publication 2005/0107408 (A1) disclose
methods for the preparation of  6-(2,4-difluorophenoxy)-2-[3-hydroxy-1-(2-
hydroxyethyl)-propylamino]-8-methyl-8H-pyrido[2,3-d]pyrimidine-7-one (1) and its use

for the treatment of P38 mediated disorders.
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6-(2,4-difluorophenoxy)-2-[3-hydroxy-1-(2-hydroxyethyl)-propylamino]-8-methyl-8H-
pyrido[2,3-d]pyrimidine-7-one (1) can be prepared by coupling 3-amino-pentan-1,5-diol

(2) and a sulfone intermediate (3) as shown below in Scheme 1:

Scheme 1
NH ! Q‘
/\)\2/\ —>BSA,THF /\)N\HZ/\ + " ° " | N\\|/(|S)|\
HO OH TMSO OTMS 0" AN
3-amino-pentan-1,5-diol (2) F
C4H,,NO, (MW 119.16) Sulfone (3)
C.sH,.F,N,0,S (MW 367.33)

| H
F @) N N N OH
o
o N Z
F OH

(1)
C1oHaoF,N,O, (MW 406.39)

One of the key intermediates for preparing compound (1) is 3-amino-pentan-1,5-diol (2).
Several synthetic routes for preparing intermediate (2) have been disclosed in the
literature (Helvetica Chimica Acta, vol. 8, page 2145-2155 (1964), and in
10 PCT/EP2007/063835.  These synthetic routes have the shortcomings of high
manufacturing costs, environmental impact, and technical difficulties for commercial

scale manufacturing.

In the literature method (Helvetica Chimica Acta, vol. 8, page 2145-2155 (1964)) the 3-
amino-pentan-1,5-diol (2) (shown in Scheme 2) is prepared via the lithium aluminum

15 hydride (LAH) reduction of unprotected diethyl-3-amino-glutarate HCl salt (4).



WO 2008/151992 PCT/EP2008/057072

-3-
Scheme 2
O NH,.HCI
i NH
1. LAH, diethyl ether 2
O /\)\/\
—_— HO OH
oo .
2. H,0, dichloromethane
Diethyl-3-amino-glutarate HCl salt (4) 3-amino-pentan-1,5-diol (2)
CH,;NO, (238.74) C,H,;NO, (119.16)

The diethyl-3-amino-glutarate HCI salt (4) is prepared following the literature procedure
(J. Amer. Chem. Soc. vol. 77, page 5427 (1955)). The isolation of the water soluble 3-
5 amino-pentan-1,5-diol (2) from the aluminum salts is very difficult and results in poor

yields. Handling LAH on a large scale is hazardous.

Another process for the production of 3-amino-pentan-1,5-diol (2) is described in

PCT/EP2007/063835 and shown in Scheme 3.

Scheme 3
TBAB, THF NaBH,, MeOH NH Hlpd(OH),  yo~A0on
THF -
Meo P Aowe M504 IPA ™ oo ANA A one Ho OH . .
3-amino-pentan-1,5-diol
3-N-benzylamino-pentan-1,5-diol (2)

(7) CsH3NO, (MW 119.16)
] ) C,,HgNO, (MW 209.29)
dimethyl-3-benzylenamino-glutarate  dimethyl-3-N-benzylamino-glutarate

(5) (6)
C,4H7NO, (MW 263.30) C,4H,gNO, (MW 265.31)
pTsOH.H,0O
SOH CH,Cl,, THF | NaOH, CH,CI)
p-toluene sulfonic acid (pTsOH)
NH.pTsOH
HO OH

isolate tosylate salt

10

Reduction of de-benzylated dimethyl-3-NV-benzylamino-glutarate (6) followed by
aqueous workup results in poor recovery of 3-amino-pentan-1,5-diol (2). Very good
recovery of 3-N-benzylamino-petan-1,5-diol (7) achieved from the aqueous workup after
15 the reduction of dimethyl-3-N-benzylamino-glutarate (6). The 3-N-benzylamino-petan-

1,5-diol (7) is not soluble in water hence the extraction from the aluminum salts is quite
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facile. The 3-N-benzylamino-petan-1,5-diol (7) is purified via crystalline tosylate salt.
The final deprotection of the benzyl group to obtain 3-amino-pentan-1,5-diol (2) was

possible under non-aqueous condition.

Reduction of the dimethyl-3-N-benzylamino-glutarate (6) to the 3-N-benzylamino-petan-
1,5-diol (7) can be accomplished in two methods. One method employs sodium
borohydride, which is inexpensive. This method requires a long reaction time, e.g. 72
hours, and results in an impurity that is difficult to remove from the down stream
process.  An alternative method employs a toluene solution of sodium bis(2-
methoxyethoxy) aluminum hydride (vitride), an easily scalable reducing agent. The
recovery of the benzyl protected 3-N-benzyl-amino-pentane-1,5-diol (7) from the
aluminum salts after vitride reduction requires multiple, e.g. five or six, extractions with
dichloromethane solvent. Formation of a crystalline tosylate salt of the aminodiol
climinates the need for distillation. This process, starting from dimethyl-3-N-

benzylamino-glutarate (6), has an overall yield of 69%.

The present invention provides a novel method for preparing a key intermediate, 3-
amino-pentan-1,5-diol  (2), which is wuseful for the preparation of 6-(2,4-
difluorophenoxy)-2-[3-hydroxy-1-(2-hydroxyethyl)-propylamino]-8-methyl-8H-

pyrido[2,3-d]pyrimidine-7-one (1) that is being investigated as a MAP-kinase inhibitor

for use 1n the treatment of rheumatoid arthritis.

The 3-amino-pentan-1,5-diol (2) is synthesized in two isolated steps (four chemical
reactions) starting from readily available inexpensive dimethylacetone-1,3-dicarboxylate
(8). The key reactions are the reduction of dimethyl-3-amino-N-Boc-glutarate (10) (tert-
butoxycarbonyl = Boc) using sodium borohydride (Boc protecting group accelerates the
rate of ester reduction significantly) and the combined deprotection of the Boc group and
purification of the 3-amino-pentan-1,5-diol (2) with one single chemical operation using
acidic resin. The Amberlyst polymer based ion exchange resin involves mostly the use of
functionalized styrene divinylbenzene copolymer with different surface properties and
porosities. The functional group is generally of the sulphuric acid type. These resins are
supplied as gellular or macroreticular spherical beads. Examples of commercial acidic

resin are Amberlite IR-120, Amberlyst 15, Amberlite FPC22H, and AmberliteFPC23H.

The use of the acidic resin eliminates the need for an aqueous workup in the last step and

provides 3-amino-pentan-1,5-diol (2) in high yield and good quality. The overall yield
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starting from dimethylacetone-1,3-dicarboxylate (8) is 89%, and the purity of the 3-
amino-pentan-1,5-diol (2) is 99.5%.

The present invention provides a straight forward two-step process for the preparation of
3-amino-pentan-1,5-diol from an inexpensive, readily available starting material,
dimethylacetone-1,3-dicarboxylate (8). The process of the invention further provides for
the facile reduction of the dimethyl-3-amino-N-Boc-glutarate (10) with a safe and
inexpensive reducing agent, such as sodium borohydride. The process of the invention

can be depicted by Scheme 4:

Scheme 4

Step A StepB & C _|_

o} o}

(BOC),0

Me-THF/ MeOH, RT

Dimethylacetone-1,3-dicarboxylate (8) Dimethyl-3-enamino-glutarate (9) Dimethyl-3-amino-N-Boc-glutarate (10)
C,H, 05 (MW 174.15) C/HNO, (MW 173.17) CoHyNOg (MW: 275.18)

15

Step D Me-THF

NaBH,/MeOH
Step E 0._.0
NH,
/\)\/\ 1) Amberiite FPC 22H resin NH
HO OH - /\)\/\
HO OH

2) NHy/MeOH

3-amino-N-Boc-pentan-1,5-diol (11)

3-amino-pentan-1,5-diol (2) C.H, NO, (MW: 219.18)
10021 4 . .

C.HGNC, (MW: 119.16)

The intermediate dimethyl-3-amino-N-Boc-glutarate (10) can be prepared in two steps
starting from inexpensive dimethylacetone-1,3-dicarboxylate (8) in accordance with
Scheme 5. First, the intermediate dimethyl-3-enamino-glutarate (9) is obtained by
treating the dimethylacetone-1,3-dicarboxylate (8) with ammonium hydrogen carbonate
in MeOH or Me-THF solvents (Step A). 2-Methyltertrahydrofuran (Me-THF) is an
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aprotic ether solvent that, while being a strong Lewis base like THF, is only partially
miscible with water. Me-THF is a commercially available solvent that is produced from
renewable resources. The properties of Me-THF place it between tetrahydrofuran and
diethyl ether in solvent polarity and Lewis base strength (Organic Process Research &

5 Development Vol. 11, page 156 (2007).

Scheme 5

Step A

O NH, O
MeO/U\/U\)J\OMe > MeO Z OMe

Me-THF/MeOH

Dimethy-3-enamino-glutarate (9)

Dimethylacetone-1,3-dicarboxlate (8) C,H,.NO, (MW 173.17)
71 4 .

C,H,,0; (MW 174.15)

A one-pot reduction of dimethyl-3-enamino-glutarate (9) followed by protection of the
10 free amine can be achieved using Raney hydrogenation and di-fers-butyldicarbonate in

MeOH or Me-THF solvents (Step B/C)
Step B/C

H,/ Raney Ni (10-15% wt/wt) 0. .0

o o BOC),0/Me-THF

O NH,O 11 (BOC),0/Me O NH O

M owom + 0~ 0" S0 L AN
€ € MeO OMe

(30 - 200 psi) & 80°C, 4-6 hrs

Y

dimethyl-3-enamino-glutarate (9) di-tert-butyl dicarbonate dimethvl-3-amino-N-Boc-
yl-3-amino-N-Boc-glutarate (10)
C,H;NO, (MW 173.17) C1oH1505 (MW 218.25) C,,H,,NO, (MW 275.18)

The intermediate dimethyl-3-amino-N-Boc-glutarate (10) can be reduced with sodium
15 borohydride to 3-amino-N-Boc-pentan-1,5-diol (11), which is then isolated after aqueous

workup (Step D).
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Step D
OYO 0.0
w NaBH,/MeOH /\)Ni/\
MeO OMe = HO OH

Me-THF

dimethyl-3-amino-N-Boc-glutarate (10) 3-amino-N-Boc-pentan-1, 5-diol (11)
C1,HyNOg (MW: 275.18) C,oH,NO, (MW: 219.18)

Finally, deprotection of the N-fert-butoxycarbonyl group and purification of the desired
3-amino-pentan-1,5-diol (2) is possible by refluxing the 3-amino-N-Boc-pentan-1,5-diol
(11) with a strong acidic resin, and the desired aminodiol (2) is released from the resin by

5 treating the resin with 7N aqueous ammonium hydroxide solution (Step E).

O
NH

H 2
NH Amberlite FPC22H NH; in MeOH /\)\/\
/\)\/\ - = HO OH
HO OH Me-THF, 75 °C 4°C to RT

3-4 hours

Step E

O

3-amino-N-Boc-pentan-1,5-diol (11) 3-amino-pentan-1,5-diol (2)
C1oHo4NO, (MW: 219.18) CsHy3NO, (MW: 119.16)

Examples

10 In accordance with the present invention, the following examples are provided to
illustrate preparation of the key intermediate (2), which is useful for the preparation of 6-
(2,4-difluorophenoxy)-2-[3-hydroxy-1-(2-hydroxyethyl)-propylamino]-8-methyl-8H-
pyrido[2,3-d]pyrimidine-7-one (1).
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Example 1

Reaction of dimethylacetone-1,3-dicarboxylate (8) with ammonium bicarbonate (Step A)

Step A
O NH, O

P4

Me-THF/MeOH

Dimethylacetone-1,3-dicarboxlate (8) dimethyl-3-enamino-glutarate (9)
C,H,,05 (MW 174.15) C,H,,NO, (MW 173.17)

A 2L, four-necked, round bottom flask, equipped with a mechanical stirrer, thermocouple
and nitrogen inlet/bubbler was charged with 60 ml of Me-THF, 73.6 g of ammonium
hydrogen carbonate, and 80.0 g of dimethylacetone-1,3-dicarboxylate (8) in 180 ml of
MeOH. The reaction was stirred at 20 °C for 18 hrs. The progress of the reaction was

10 monitored by gas chromatography. At the end of reaction completion (< 1% starting
material), the solids were filtered, MeOH was distilled at atmospheric pressure, and the
step A product (9) (dimethyl-3-enamino-glutarate) in Me-THF was directly taken into
next step (B/C). The gas chromatography showed 98% of (9).

15 Example 2

Ranev Ni reduction of enamino-diester (9) followed by protection with di-terz-butyl

dicarbonate (Step B/C)

Step B/C

H,/ Raney Ni (10-15% wt/wt) 0._.0
(BOC),0/Me-THF

(30 - 200 psi) & 85 °C, 4-6 hrs

dimethyl-3-enamino-glutarate (9) di-tert-butyl dicarbonate dimethyl-3-amino-N-Boc-glutarate (10)
C,H,;NO, (MW 173.17) CyoH505 (MW 218.25) C,,H,NO, (MW 275.18)
20

A 1L autoclave, equipped with a mechanical stirrer, thermocouple, nitrogen, and

hydrogen inlet was charged with 220 ml of Me-THF solution containing 80 g of
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dimethyl-3-enamino-glutarate (9), 96.0 g of di-tert-butyl dicarbonate [Boc,0, 1.1 equiv]
dissolved in 120.0 ml of Me-THF, and 8.0 g of sponge Raney Nickel. The reaction
mixture was stirred and then the reactor was placed under vacuum and held for 5
minutes. The reactor then was pressurized to 20 psi nitrogen and held for 5 minutes.
5 The vacuum/nitrogen cycle was repeated three more times. The reaction was left under
vacuum. The reaction was pressurized between 20 - 100 psi hydrogen and held for 5
minutes, followed by release of hydrogen to 10 psi pressure. The hydrogen purge was
repeated three more times. The reaction was then left between 20 - 100 psi hydrogen
pressure, and the reaction was heated. When the reaction temperature reached 85 °C, the
10 H; pressure was adjusted between 30 - 200 psi and the reaction was stirred at a rate of
500 rpm. The reaction was held at 85 °C / between 30 - 200 psi H,. If you are running
the reaction at 30 psi H, pressure the reaction requires degassing one time with hydrogen
after 3 hrs. After 6 hrs the batch was cooled to a temperature of 40 °C and H, pressure
was released. The reaction product was sampled and the reaction monitored by gas
15 chromatography (<1% starting material). The reaction was cooled to 20 °C, filtered
through celite, and the organic filtrate collected. The organic layer containing the desired

dimethyl-3-amino-N-Boc-glutarate (10) was directly carried forward into the next step.

Example 3

20  Sodium borohvydride reduction of dimethyl-3-amino-N-Boc-glutarate (10) and formation

of 3-amino-N-Boc-pentan-1,5-diol (11)

Y "y’
O NH O NaBH,/MeOH /\)Ni/\
MeO/U\/UJ\OMe HO OH

Me-THF

Y

dimethyl-3-amino-N-Boc-glutarate (10) 3-amino-N-Boc-pentan-1,5-diol (11)
C,,F ;NOg (MW: 275.18) C,H,NO, (MW: 219.18)

A 2L, four-necked, round bottom flask, equipped with a mechanical stirrer,
25 thermocouple, addition funnel and nitrogen inlet/bubbler was charged with 117.6 g
dimethyl-3-amino-N-Boc-glutarate (10) in Me-THF solution (34 wt% in Me-THF) and
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with 16.5 g of sodium borohydride. After heating to 55 °C, 26.7 ml of anhydrous
Methanol diluted with 100 ml Me-THF was slowly added to the reaction. The reaction
temperature was maintained between 55 °C and 60 °C throughout the addition. After the
addition, the batch was held at a temperature of 55 °C. The process of the reaction was
monitored by NMR. The reaction was complete in 3 hrs (<0.5% of SM) based on the
NMR. The excess borane was quenched with 20 ml of acetone. The batch was reverse
quenched into a vessel containing 125 ml of water at 60 °C, followed by addition of 30
ml of 3N HCI over a period of 1 hour. During acid addition, the reaction pH went down
from 14 to 11. The organic phase containing the desired 3-amino-N-Boc-pentan-1,5-diol
(11) was separated at 60 °C and directly taken into the next deprotection and purification

step.

Example 4

Deprotection and purification of 3-amino-N-Boc-pentan-1,5-diol (11) and the formation

@) \(|)/
Y NH,
NH Amberlite FPC22H NH, in MeOH /\)\/\
/\)\/\ - -one on
HO OH Me-THF, 75 °C

3-4 hours

of 3-amino-pentan-1,5-diol (2)

4°CtoRT

3-amino-N-Boc-pentan-1,5-diol (11) 3-amino-pentan-1,5-diol (2)
Cro 4, NO, (MW: 219.18) C4H5NO, (MW: 119.16)

A 1L, four-necked, round bottom flask, equipped with a mechanical stirrer,
thermocouple, addition funnel and nitrogen inlet/bubbler was charged with 150.0 ml of
3-amino-N-Boc-pentan-1,5-diol (11) solution and 96.0 g of Amberlite FPC22H ion
exchange resin. The reaction was heated to 75 °C (batch temp), and the reaction was
held at 75 °C. The progress of the reaction was monitored by Gas chromatography (GC).
The deprotection was complete in 4 hrs (< 1% SM) based of GC. The batch was cooled
down to 20 °C and filtered to collect the resin. The resin was rinsed with 50 ml of
methanol. The resin was transferred to a separate 1L reactor, which was charged with
pre-cooled (4 °C) 150 ml of 7N ammonia methanol solution [made from bubbling

ammonia into methanol at 0 °C]. The addition was exothermic; and therefore, the
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methanolic ammonia was added very slowly to the resin. The reaction was warmed to
room temperature (RT), and the reaction was held at 20 °C for an hour. The batch was
filtered, with the resin and the methanolic ammonia solution containing the desired
compound collected separately. The resin extraction process was repeated with
methanolic ammonia twice using 150 ml of 7N ammonia methanol solution. To remove
light yellow color, the combined methanolic solution was filtered through a bed of
carbon/celite (30 grams of carbon: one inch bed over celite). The methanol was distilled

at atmospheric pressure to obtain the desired 3-amino-pentan-1,5-diol (2) in 89% overall
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Claims

1. A one-pot process for preparing dimethyl- 3-amino-N-Boc-glutarate (10).

0 0

(0] NH O
MeOJk/K)L

OMe (10)

comprising

a) Raney Nickel reduction of a compound of formula (9)

MeO OMe )

in MeOH or Me-THF; and

b) In-situ protection of the amine intermediate with di-terz-butyl dicarbonate in MeOH

or Me-THF solvent to form the compound of formula (10)

1.

O
oA

OMe (10)

2. The process of claim 1, wherein the compound of formula (9)

NH, O

J\A)LOMG

is prepared by the process comprising treating a compound of formula (8)

/U\/U\)J\OMe
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with ammonium hydrogen carbonate in MeOH or Me-THF.

5 3. A process for preparing a compound of formula (11)

N
T

oA

OH (11)

via sodium borohydride reduction of a compound of formula (10)

OYO
0 NH O

Meow

10

in THF or Me-THF solvents.

4. The process of claim 3, wherein the compound of formula (10)
OYO
0] NH O

) A,

is prepared by the process comprising

a) Raney Nickel reduction of a compound of formula (9)
20

0O NH, O

2
MeOwOMe

®



WO 2008/151992 PCT/EP2008/057072
-14 -

in MeOH or Me-THF; and

b) In-situ protection of the amine intermediate with di-terz-butyl dicarbonate in MeOH

5 or Me-THF solvent to form the compound of formula (10)

1.

O
oA

OMe (10)

5. The process of claim 4, wherein the compound of formula (9)

NH, O

J\A)LOMG

10

is prepared by the process comprising treating a compound of formula (8)

/U\/U\)J\OMe

15

with ammonium hydrogen carbonate in MeOH or Me-THF.

6. A process for the preparation of a compound of formula (2)

/\)\2/\
HO OH

09

20

Comprising
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a) Deprotection of the fert-butoxycarbonyl group from a compound of formula (11)

N
Y

oA

OH (11)

5 by refluxing with an acidic resin to yield the 3-amino-pentan-1,5-diol formula (2),

wherein the amino-diol is bound to the resin; and

b) In-situ purification of the compound of formula (2) by cleaning the resin with
MeOH and releasing the resin bound 3-amino-pentan-1,5-diol (2) by treating the resin

10 with 7N aqueous ammonia hydroxide solution in MeOH.

7. The process of claim 6, wherein the acidic resin is selected from the group
consisting of Amberlite IR-120, Amberlyst 15, Amberlite FPC22H, and
15  AmberliteFPC23H.

8. The process of claim 6, wherein the compound of formula (11)

N
T

oA

OH (11)
20

is prepared via sodium borohydride reduction of a compound of formula (10)

OYO
0 NH O

Meow

OMe (10)
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in THF or Me-THF solvents.

9. The process of claim 8, wherein the compound of formula (10)

0 0

(0] NH O
MeOJk/K)L

OMe (10)
is prepared by the process comprising

a) Raney Nickel reduction of a compound of formula (9)

10
MeO OMe )

in MeOH or Me-THF; and

15 b) In-situ protection of the amine intermediate with di-ters-butyl dicarbonate in MeOH

or Me-THF solvent to form the compound of formula (10)

1.

O
oA

OMe (10)

20 10. The process of claim 9, wherein the compound of formula (9)

NH, O

J\A)LOMG
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is prepared by the process comprising treating a compound of formula (8)

) ) )

MeO/U\/U\)]\OMe

®

5 with ammonium hydrogen carbonate in MeOH or Me-THF.

X%
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