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was extracted with toluene and the combined organic layers

were dried (MgSO4) and concentrated. The residue was

treated with sodium hydroxide (1 M) and extracted with

diethyl ether and toluene. The organic layer was dried

5 (MgSO4) and concentrated in vacuo. The residue was

chromatographed on silica (gradient ethyl acetate—methanol

90:10 up to 0.06% NH3 in ethyl acetate-methanol 90:10)

Yield 1 g (18%): In NMR (CDCl3) 5 0.94 (d, 12H), 2.20 (br,

2H), 2.37 (br, 2H), 3.0 (br, 2H), 4.38 (t, 1H), 5.0 (s,

10 2H), 5.11 (d, 1H), 5.61 (d, 1H), 6.60-6.70 (m, 1H), 6.80

(d, 1H), 7.12-7.19 (m, 12H).

11.2 (S)-N,N-Diisopropyl-3-[2-benzy1oxy-5-(2—hydroxyethy1)—

phenyll-3-phenylpropanamine

15 (S)-N,N-Diisopropyl-3-(2-benzyloxy-5—ethenylphenyl)-3-

phenylpropanamine (l g, 2.34 mmol) in THF (25 mL) was added

to 9—BBN (0.5 M in THF, 11.7 mL, 5.85 mmol) under nitrogen

atmosphere at 0 °C. Additional 9—BBN (2.3 mL, 1.2 mmol) was

added after 3 hours of stirring, the temperature was raised

20 to room temperature and the mixture was stirred for 0.5

hour. It was then cooled to 0 °C and 1 M sodium hydroxide

(10 mL) was added followed by H20; (30% in H20, 10 mL).

After 1 hours stirring, water was added and the mixture was

extracted with diethyl ether. The organic layer was washed

25 with water and brine, dried (MgSO4) and concentrated. The

residue was chromatographed on silica (gradient of diethyl

ether to 1% NH3 in diethyl ether). Yield 0.67 g (64%). 1H

NMR (CDCI3) 8 0.90 (d, 12H), 2.10-2.18 (m, 2H), 2.30-2.37

(m, 2H), 2.80 (t, 2H), 2.90-3.0 (m, 2H), 3.80 (br, 2H),

30 4.40 (t, 1H), 5.0 (s, 2H), 5.80 (d, 1H), 7.0 (m, 1H), 7 10-

7.38 (m, 11H).

EXAMPLE 12

(R)-N,N-Diisopropy1-3-[2-hydroxy—5—(2-hydroxyethy1)pheny1]-

35 3—pheny1propanamine hydrochloride

The title compound as well as the starting compounds

were prepared in an analogous manner to the preparation

described in Example 11, with the exception that (S)—N,N—
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diisopropyl-3-(2-benzyloxy-5-bromophenyl)-3-

phenylpropanamine was changed to (R)-N,N—diisopropyl-3-(2-

benzyloxy—5—bromophenyl)-3-phenylpropanamine (prepared as

described in WO 94/11337, Example 1).

5 Yield 0.35 g (33%); mp 209-215 °C; [a]D +9.8° (c=1.0,

methanol); 1H NMR (CD3OD) 6 1.29 (d, 12H), 2.40-2.60 (m,

2H), 2.67 (t, 2H), 3.04 (t, 2H), 3.61-3.72 (m, 4H), 4.40

(t, 1H), 6.70 (d, 1H), 6.90 (dd, 1H), 7.0 (s, 1H), 7.18-

7.40 (m, 5H). Anal. (C23H33NO2‘HCl°0.2H2O) C, H, N.

10

Preparation of starting compounds:

12.1 (R)-N,N—Diisopropy1-3-(2—benzy1oxy—5-ethenylphenyl)-3-

phenylpropanamine

15 Yield 5.5 g (53%); 1H NMR (CDC13) 8 0.94 (d, 12H),

2.20 (br, 2H), 2.37 (br, 2H), 3.0 (br, 2H), 4.38 (t, 1H),

5.0 (s, 2H), 5.11 (d, 1H), 5.61 (d, 1H), 6.60-6.70 (m, 1H),

6.80 (d, 1H), 7.12-7.19 (m. 12H).

20 12.2 (R)-N,N-Diisopropyl-3-[2-benzy1oxy-5-(2-hydroxyethyl)-

phenyll-3-phenylpropanamine

Yield 1.2 g (75%); 1H NMR (CDC13) 8 0.89 (d, 12H),

2.15 (m, 2H), 2.32 (m, 2H), 2.80 (t, 2H), 2.95 (m, 2H),

3.80 (br, 2H), 4.40 (t,\1H), 4.98 (s, 2H), 6.80 (d, 1H),

25 6.96 (m, 1H), 7.10-7.35 (m, 11H).

EXAMPLE 13

(R)-N,N-Diisopropy1-3-(5-acetyl-2-hydroxyphenyl)-3-

phenylpropanamine hydrochloride

30 (R)—N,N—Diisopropyl—3<(5-acetyl-2—benzy1oxyphenyl)-3-

phenylpropanamine (1 g, 2.25 mmol) was treated as described

in Example 11. Yield 0.6 g (68%); mp 105-115 °C; [alp —

32.6° (c 1.02, methanol); 1H NMR (DMSO-d5) d 1.18-1.28 (m,

12H), 2.5 (m, 3H), 2.50-2.62 (m, 2H), 2.86 (m, 1H), 2.97

35 (m, 1H), 3.58 (m, 2H), 4.38 (t, 1H), 6.99 (d, 1H), 7.2 (m,

1H), 7.29-7.35 (m, 4H), 7.73 (dd, 1H), 7.85 (d, 1H), 9.90
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(br,

N.

1H), 10.70 (s, 1H). Anal. (C23H31NO2 °HCl -0 .41-I20) C, H,

The starting compound (R)~N,N-diisopropyl—3—(5—acetyl-

2—benzyloxypheny1)-3—phenylpropanamine was prepared as

follows:

13.1 (R)-N,N-Di1sopropy1-3-(5-acetyl-2-benzyloxyphenyl)-3-

phenylpropanamine

To a stirred solution of (R)—N,N—diisopropyl—3-(2—'

benzyloxy—5—bromophenyl)—3—phenylpropanamine (Example 12)

(10.2 g, 21.23 mmol) in DMF (100 mL) under nitrogen

atmosphere at room temperature were sequentially added

triethylamine (2.58 g, 25.47 mmol), TlOAc (6.15 g, 23.35

isobutylvinylether (14 mL, 106.14 mmol), DPPP (0.87

g, 2.12 mmol) and Pd(OAc)2 (0.24 g, 1.06 mmol). The

reaction temperature was raised to 100 °C and stirred for 3

hours, cooled to room temperature, filtered and treated

with HCl (5%, 250 mL) and stirred for another 2 hours. The

reaction mixture was repeatedly extracted with

dichloromethane and the combined organic layers were dried

(MgSO4), filtered and the solvent evaporated. Triethylamine

and DMF were destilled off under reduced pressure to yield

9 g (98%); 1H NMR (CDCI3) 5 1.22 (m, 12H), 2.52-2.70 (m,

mmol),

7H), 3.40 (br, 2H), 4.34 (t, 1H), 5.10 (S, 1H}. 6.90 (d.

1H), 7.17-7.40 (m, 10H), 7.82 (m, 1H) and 7.92 (S, 1H).

EXAMPLE 14

N,N-Diisopropy1—3(R)-[2—hydroxy—5-(1-hydroxyethy1)phenyl]-

3-phenylpropanamine fumarate

N,N—Diisopropyl-3(R)—[2—benzyloxy-5-(1-hydroxyethyl)—

phenyl]-3-phenylpropanamine (2.7 g,

hydrogenated over Pd/C (0.27 g, 10%) in ethanol at

atmospheric pressure for 2 hours. The catalyst was filtered

off and the solvent was evaporated. The resulting oil was

chromatographed on silica (toluene—triethy1amine 90:10).

Fumarate salt of the amine was afforded by adding fumaric

acid (0.13 g,

6.05 mmol) was

1.13 mmol) dissolved in warm ethanol to a
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solution of the free base in diethyl ether yielding white

crystals (0.44 g, 83%); mp 240-244 °C; [a]D +9.8° (c 1.02,

methanol); in NMR (DMSO—d5) 6 1.05 (d, an), 1.26 (dd, 3H),

2.20-2.30 (m, 2H), 2.55-2.67 (m, 2H), 3.30 (m, 2H), 4.32

5 (t, 1H), 4.59 (q, 1H), 6.53 (S, 2H), 6.72 (dd, 1H), 6.93

1 (dd, 0.5H), 7.12-7.17 (m, 1H), 7.21-7.31 (m, SH). Anal.

(C23H33NO2'C4H4O4'0.3H2O) C, H, N.

The starting compound N,N-diisopropyl~3(R)-[2-

10 - benzyloxy-5-(1—hydroxyethyl)pheny1]—3—phenylpropanamine was

prepared as follows:

14.1 N,N-Diisopropyl-3(R)-[2-benzy1oxy-5-(1-hydroxyethy1)—

phenyll-3-phenylpropanamine '

15 N,N—Diisopropyl~3(R)-(5—acetyl—2—benzyloxyphenyl)-3-

phenylpropanamine, prepared as described in Example 13.1,

(3.5 g, 7.90 mmol) dissolved in dry THF was added to LiA1H4

(0.2 g, 5.41 mmol). After 2 hours of stirring, additional

LiA1H4 (50 mg, 1.32 mmol) was added and the reaction

20 mixture was stirred for 1.5 hours. The reaction was

quenched and the solvent evaporated. The residue was

chromatographed on silica (toluene-E3N 90:10) to give 2.74

g (78%) of an oil that crystallised slowly upon storage at

room temperature.

25

EXAMPLE 15

(+)-N,N-Diisopropyl-3(R)-[5-(1(R*),2-dihydroxyethyl)-2-

hydroxyphenyll-3-phenylpropanamine fumarate

N,N—Diisopropyl-3(R)-[2-benzyloxy 5—(1(R*),2—

30 dihydroxyethyl)phenyl]—3—phenylpropanamine (0.55 g, 1.2

mmol) was treated in an analogous manner to that described

in Example 14 above, which yielded white crystals, 0.32 g

(55%); mp 196-200 °C; [a]D +l3.5° (c 1.0, methanol); 1H NMR

(CD3OD) 5 1.28 (m, 12H), 2.40-2.48 (m, 1H), 2.52-2.60 (m,

35 1H}. 3.03 (t, 2H), 3.55 (d, 2H), 3.66 (m, 2H), 4.42 (t,

1H), 4.57 (t, 1H), 6.7 (s, 2H), 6.79 (d, 1H), 7.05 (dd,
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1H), 7.15-7.21 (m, 2H), 7.28 (m,

(C23H33NO3'C4H4O4) C, H, N.

2H), 7.36 (m, 2H). Anal.

The starting compound N,N—diisopropyl—3(R)—[2-

benzy1oxy—5~(l(R*),2—dihydroxyethyl)phenyl]-3-

phenylpropanamine was prepared as follows:

15.1 N,N-Diisopropyl-3(R)-[2-benzyloxy-5-(1(R*),2—

dihydroxyethy1)pheny1]-3-phenylpropanamine

To an ice—chilled solution of AD—mix—a (5.7 g) in H20

(20 mL) and t-BuOH (10 mL) was added N,N—diisopropy1-3(R)—

(2—benzyloxy—5—ethenylphenyl)-3-phenylpropanamine (Example

12.1), (1.74 g, 4.1 mmol) dissolved in t—BuOH (10 mL).

After 1 hour of stirring, the ice bath was removed and the

"reaction mixture was stirred for additional 21 hours.

Na2SO3 (6 g) was then added and after 1 hours of stirring

the reaction mixture was partioned between H20 and ethyl

acetate. The aqueous layer was extracted 3 times with ethyl

acetate, the combined organic layers were dried (MgS04) and

the solvent evaporated. The residue was chromatographed on

silica (ethyl acetate—triethylamine, 90:10) to afford 0.55

g. 1H NMR (CDCl3) 5 0.9 (s, 61-1), 0.95 (s, 6H), 2.15-2.20

(m, 2H), 2.30-2.38 (m, 21-1), 2.96 (m, 2H), 3.60-3.70 (m,

2H), 4.41 (t, 1H), 4.75 (m, 1H), 5.0 (s, 2H), 6.85 (d, 1H),

7.10-7.35 (m, 12H).

EXAMPLE 16

(-)-N.N-Diisopropyl-3(R)-[5—(1(S*),2-dihydroxyethyl) 2-

hydroxyphenyll-3-phenylpropanamine fumarate

N,N—Diisopropyl-3(R)-[2-benzy1oxy—5—(l(S*),2-

dihydroxyethyl)phenyl]—3—phenylpropanamine (1.1 g, 2.4

mmol) was treated in an analogous manner to that described

0.25 g (21%);

[alp -8° (C 1.02, methanol); 1H NM (CD3OD)

in Example 11 which yielded white crystals,

mp 208-211 °C;

8 1.28 (m, 12H), 2.39-2.47 (m, 1H), 2.51-2.59 (m, 1H),

(t, 2H), 3.51-3.53 (m, 2H), 3.67 (m, 2H), 4.42 (t, 1H),

4.54 (dd, 1H), 6.68 (s, 2H), 6.78 (d, 1H), 7.06 (dd, 1H),

3.03
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7.16-7.20 (m, 2H), 7.26 (m,

(C231-I33NO3-C4H4O4) C, H, N.

2H), 7.34-7.36 (m, 2H). Anal.

The starting compound N,N-diisopropyl—3(R)-[2-

benzyloxy-S—(1(S*),2-dihydroxyethy1)pheny1]-3-

phenylpropanamine was obtained by treating N,N—diisopropyl—

3(R)-(2—benzyloxy~5-ethenylphenyl)-3-phenylpropanamine

(obtained in Example 12.1) as described in Example 15.1

above, but with AD-mix—B replacing AD-mix—a. Yield 1.2 g

(44%).

EXAMPLE 17

(R)-[N,N-Diisopropy1-3-[2-hydroxy—5-(6—hydroxyhexy1)—

phenyll-3-phenylpropanamine hydrochloride

N,N—Diisopropyl—3(R)-[2-benzyloxy—5—(6—hydroxyhex—1—

eny1)pheny1]-3-phenylpropanamine (0.35 g, 0.72 mmol) was

treated in an analogous manner to that described in Example

14. Yield 0.10 g (31%); mp 147-156 °C; [a]D +8.2° (C 1.01,

methanol); 1H NMR (CD3OD) 5 1.25-1.32 (m, 16H), 1.45-1.54

(m, 4H), 2.40-2.48 (m, 3H), 2.51-2.59 (m, 1H), 3.0-3.10 (m,

2H), 3.51 (t, QH), 3.68 (m, 2H), 4.40 (t, 1H), 6.72 (d,

1H), 6.86 (dd, 1H), 6.91 (d, 1H), 7.19 (m, 1H), 7.30 (t,

2H), 7.34-7.35 (m, 2H). Anal. (C27H41NO2'HCl'2H2O) C, N; H:

calcd, 9.6; found, 8.3.

The starting compound (R)-N,N-diisopropy1—3—[2-

benzyloxy-5-(6-hydroxyhex—1-enyl)phenyl]-3-

phenylpropanamine was prepared as follows:

17.1 (R)-N,N-Diisopropy1-3-(2-benzyloxy-5-formylphenyl)-3-

phenylpropanamine

n—BuLi (2.5 M in hexane, 19 mL, 47.5 mmol) was added

to a solution of to (R)-N,N—diisopropyl-3-(2—benzy1oxy-5-

bromophenyl)—3- phenylpropanamine (prepared as described in

WO 94/11337, Example 1) (8.9 g, 18.52 mmol) in dry diethyl

ether (100 mL) kept at -40 °C under nitrogen atmosphere.

After 1.5 hour of stirring, additional n-BuLi (10 mL, 25
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mmol) was added and after 2 hours another n-BuLi (5 mL,

12.5 mmol) was added. The reaction was then stirred for 15

minutes and DMF (6 mL, 77.8 mmol) was added followed by

additional DMF (5 mL, 64.8 mmol) after 20 minutes of

stirring. The temperature was allowed to rise to room

temperature and after 35 minutes of stirring, NH4C1 (sat.)

was added followed by water and diethyl ether. The layers

were separated and the aqueous layer was extracted with

diethyl ether. The combined organic layers were dried

(MgSO4) and the solvent was evaporated. The residue was

chromatographed on silica (toluene—triethy1amine 90:10) to

afford 8 g (100%) of a yellowish oil; 1H NMR (CDCl3) 8 0.90

(m, 12H), 2.12-2.40 (m, 4H), 2.95 (m, 2H), 4.44 (t, 1H),

5.10 (8, 2H), 6.95 (d, 1H), 7.15-7.36 (m, 10H), 7.70 (dd,

1H), 7.91 (s, 1H), 9.88 (s, IH).

17.2 (R)4N,N-Diisopropy1-3-[2-benzyloxy 5—(5-carboxypent-1-

enyl)pheny1]-3-phenylpropanamine

To a slurry of 4—carboxybutyl triphenylphosphonium

bromide (4.1 g, 9.31 mmol) in THF (25 mL) at -10 °C under

nitrogen atmosphere was added potassium tert—butoxide (2.1

g, 18.62 mmol). The mixture turned orange and after 10

minutes stirring. (R)-N,N-diisopropyl-3-(2—benzyloxy-5-

formylphenyl)—3—phenylpropanamine (2 g, 4.65 mmol) in THF

(10 mL) was added. After 4 hours of stirring, hydrochloric

acid (IM) and diethyl ether were added and the layers were

separated. The aqueous layer was extracted with ethyl

acetate. The combined organic layers were dried (MgSO4) and

the solvent was evaporated. The residue was chromatographed

on silica (ethyl acetate—triethylamine 90:10 followed by

methanol) to afford 3 g containing traces of

triphenylphosphine. The product was used in the next step

without further purification.
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17.3 (R)-N,N-Diisopropy1-3-[2-benzyloxy-5-(6—hydroxyhex-1-

eny1)pheny1]-aéphenylpropanamine

(R)-N,N-Diisopropyl—3-[2-benzyloxy—5-(5—carboxypent-l-

enyl)pheny1]—3—phenylpropanamine was reduced as described

5 in Example 10. Yield 0.35 g (15%).

EXAMPLE 18 ‘

(R)-N,N-Diisopropy1—3-[5-(2-diisopropy1aminoethy1)-2-

hydroxyphenyll-3-phenylpropanamine hydrochloride

10 (R)-N,N—Diisopropyl-3-[2-benzyloxy—5-(2-

diisopropylaminoethyl)phenyl]—3—phenylpropanamine (0.6 g,

1.13 mmol) was refluxed with concentrated HCl (25 mL)

overnight. The reaction mixture was then basified with 10 M

sodium hydroxide and extracted with diethyl ether. The

15 organic layer was dried (MgSO4) and concentrated in vacuo

to give 0.5 g oil that was fractionated on a reversed—phase

PEP—RPC HR 30/26 column using a gradient of acetonitrile

(containing 0.1% TFA) and milliQ—water (containing 0.1%

TFA). The pure fractions were pooled and extracted with

20 diethyl ether and 10 M sodium hydroxide. The resulting

diethyl ether solution was treated with hydrogen chloride

in diethyl ether. Yield 50 mg (9%); [a]D +1.4° (c 0.94,

methanol); 1H NMR (CD3OD) 6 1.27-1.34 (m, 12H), 1.36-1.42

(m, 12H), 2.50-2.58 (m, 1H), 2.60-2.67 (m, 1H), 2.95 (t,

25 2H), 3.05 (m, 2H), 3.15-3.27 (m, 2H), 3.70 (m, 2H), 3.75

(m, 2H), 4.40 (t, 114), 6.80 (d, 1H), 7.02 (dd, 1H), 7.13

(d, 1H), 7.20 (m, 1H), 7.31 (m, 1H), 7.39-7.41 (m, 1H).

Anal. (C29H45N20'2HCl'0.4H20) C, H, N.

30 The starting compound N,N-diisopropy1—3(R)—[2—

benzyloxy—5-(2—diisopropylaminoethyl)phenyl]-3-

phenylpropanamine was prepared as follows:

18.1 N,N-Diisopropy1-3(R)-(5-formylmethyl-2—benzy1oxy-

35 Iphenyl)-3-phenylpropanamine

DMSO (1.1 mL, 15.5 mmol) dissolved in dichloromethane

was added dropwise to oxalyl chloride (0.64 mL, 7.74 mmol)

at -78 °C under nitrogen atmosphere. After 10 minutes of
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stirring, (R)—N,N-diisopropyl—3—[2—benzyloxy-5—(2—

hydroxyethyl)phenyl]—3—phenylpropanamine (Example 12.2)

(2.3 g, 5.16 mmol) in dichloromethane was added and the

-reaction mixture was stirred for additional 1 h.

5 Triethylamine (5.4 mL, 38.7 mmol) was then added and the

temperature was allowed to rise to room temperature. The

reaction mixture was taken up in water and dichloromethane.

The organic layer was dried (MgSO4) and concentrated in

vacuo and the product was used in the next step without

10 further purification.

18.2 (R)-N,N-Diisopropy1-3-[2-benzy1oxy-5-(2-

diisopropylaminoethyl)pheny1J-3-phenylpropanamine

Diisopropylamine (4.2 mL, 30 mmol) was dissolved in

15 methanol (12 mL). 5 M HCl in methanol (2 mL) was added

followed by N,N—diisopropyl—3(R)—(5—formylmethyl—2-

benzyloxyphenyl)—3—pheny1propanamine (5 mmol) in methanol

(10 mL) and sodium cyanoborohydride (0.22 g, 3.5 mmol). The

reaction mixture was stirred at room temperature overnight.

20 methanol was then evaporated, and diethyl ether and H20

were added. The organic layer was dried (MgSO4) and

concentrated in vacuo to give 3 g of a crude product that

was chromatographed on silica (toluene-triethylamine 95:5).

Yield 0.65 g (25%); 1H NMR (CDCI3) 5 0.88-0.91 (m, 18H),

25 1.20 (d, 9H), 2.10-2.20 (m, 2H), 2.30-2.38 (m, 2H), 2.87-

3.10 (m, 4H), 4.34 (m, 1H), 4.98 (d, 2H), 6.75-6.97 (m,

2H), 7.10-7.30 (m, 11H).

EXAMPLE 19

30 (R)-N,N-Diisopropy1-3-(5-ethoxymethyl-2-hydroxyphenyl)-3-

phenylpropanamine

(R)-N,N—Diisopropyl—3—(2-hydroxy-5—hydroxymethyl—

phenyl)—3—phenylpropanamine (prepared as described in W0

94/11337, Example 1) (3.9 g, 11.5 mmol) and A1203 (115 g,

35 1.13 mol) refluxed in ethyl acetate (0.5 L) for 60 hours.

A1203 was filtered offi and ethyl acetate was evaporated.

Chromatography on silica (toluene—triethylamine, 90:10) of

the residue yielded 2.5 g (59%). The fumarate salt was
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obtained by adding fumaric acid (0.17 g, 1.48 mmol)

dissolved in warm ethanol to the free base (0.55 g, 1.48

mmol) in diethyl ether; mp 174-177 °C; [a]D +5.5° (c 1.02,

methanol); 1H NMR (CD3OD) 0 1.15 (t, 3H), 1.27-1.30 (m,

12H), 2.41-2.49 (m, 1H), 2.52-2.50 (m, 1H), 3.04 (dd, 2H),

3.49 (q, 2H), 3.67 (m, 2H), 4.35 (S, 2H), 4.43 (t, 1H),

6.69 (s, 2H), 6.80 (d, 1H), 7.04 (dd, 1H), 7.12 (d, 1H),

7.18-7.37 (m, 4H). Anal. (C24H35NO2'C4H4O4) C, H, N.

EXAMPLE 2 0

N—Isopropy1-3-(5-carboxy-2-hydroxyphenyl)-3-

phenylpropanamine hydrochloride

N—Benzyl-N—isopropyl-3—(2-benzyloxy-5—carboxyphenyl)—

3—pheny1propanamine (1.3 g, 2.6 mmol) was dissolved in

HOAC. Palladium (10%) on charcoal (0.13 g) was added and

the mixture was hydrogenated at atmospheric pressure for 48

hours. The catalyst was then filtered off and the solvent

was evaporated. The resulting oil was fractionated on a

reversed—phase PEP—RPC HR 30/26 column using a gradient of

acetonitrile (containing 0.1% TFA) and mi1liQ—water

(containing 0.1% TFA). This purification was done in 16

portions with about 100 mg material each time. The pure

fractions were pooled and freeze-dried to give 0.57 g of

trifluoroacetic acid salt. The crystals were dissolved in 1

M HCl and freeze-dried to give 0.4 g (43%) of the

hydrochloride salt as white crystals; mp 155-160 °C; 1H NM

(DMSO-d5) 5 1.17 (d. 3H), 1.19 (d, 3H), 2.30-2.38 (m, 1H),

2.38-2.46 (m, 1H), 2.72 (br, 1H), 2.80 (br, 1H), 3.25 (m,

1H), 4.40 (t, 1H), 6.94 (d, 1H), 7.18-7.22 (m, 1H). 7.29-

7.33 (m, 4H), 7.66 (dd, 1H), 7.76 (d, lH); Anal.

(C19H23NO3'HCl'0.5H2O) C, H, N.

The starting compound N—benzyl—N—isopropyl—3—(2-

benzyloxy-5-carboxyphenyl)—3—phenylpropanamine was prepared

as follows:
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20.1 3-(2-Benzyloxy-5—bromopheny1)-3-phenylpropanal

3-(2—Benzyloxy-5—bromophenyl)-3—phenylpropanol (16.5

g, 41.5 mmol) (prepared as described in WO 94/11337,

Example lc) was reacted as described in Example 18.1. The

combined organic layers were washed with 2 M HC1, 10%

NaHC03, water and brine, dried (MgSO4) and evaporated to

give 16 g (98%) of yellowish crystals of the product that

was used in the next step without further purification; mp

99-100 0c; 1H mm (CDCl3) 8 3.10 (dd, 2H), 5.0 (s, 2H),

4.98-5.10 (m, 1H), 6.76 (d, 1H), 7.16—7.38 (m, 12H), 9.65

(s, 1H).

20.2 N-Benzy1-N-isopropy1-3-(2-benzyloxy-5-bromophenyl)-3-

phenylpropanamine

To a solution of N—benzylisopropylamine (34 mL, 0.20

mol) in methanol (80 mL) was added 5 M HC1 in methanol

(16.2 mL, 80.9 mmol) followed by 3—(2—benzyloxy-5-

40.5 mmol) in

methanol (20 mL) and sodium cyanoborohydride (1.78 g, 28.3

mmol). The resulting solution was stirred for 17 hours. The

solvent was evaporated and diethyl ether was added to the

resulting syrup. The solution was washed 3 times with

water,

bromophenyl)-3-phenylpropanal (16.0 g,

dried over MgSO4 and evaporated. The residue was

chromatographed on silica (hexane—ethyl acetate, 75:25)

giving 15.9 g of a syrup. The hydrochloride salt of the

compound was prepared by dissolving the product in diethyl

ether and adding HC1 dissolved in diethyl ether. The

resulting oil was washed with diethyl ether, dissolved in

10 M sodium hydroxide and extracted with diethyl ether 3

times. Purification by chromatography on silica (using a

gradient of dichloromethane up to 1% triethylamine in

dichloromethane) yielded 7 g (33%) of the product as a

colourless oil. 1H NMR (CDCl3) 5 0.84 (d, 3H), 0.90 (d,

3H), 2.02-2.12 (m, 2H), 2.38 (t, 2H), 2.90 (m, 1H), 3.50

(d, 2H), 4.50 (t, 1H), 4.95 (S, 2H), 6.70 (s, 1H), 7.10-

7.35 (m, 17H).
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20.3 N—Benzy1-N-isopropy1-3-(2-benzy1oxy-5-carboxyphenyl)-

3-phenylpropanamine

A mixture of magnesium turnings (1.18 g, 48.6 mmol)

and iodine (one small crystal) was warmed gently. A

solution of N—benzyl~N—isopropyl—3—(2—benzyloxy—5-

bromophenyl)-3-phenylpropanamine (6.0 g, 11 mmol) and 1,2-

dibromoethane (0.2 mL, 2.3 mmol) in dry THF (25 mL) was

added dropwise under nitrogen atmosphere to the refluxing

mixture. After 2 hours of refluxing, l,2—dibromoethane

(0.59 mL, 6.8 mmol) was added. The mixture was left

overnight under nitrogen atmosphere. The mixture was then

added together with 1,2-dibromoethane (0.93 mL, 10.8 mmol)

(1.18 g, 48.6 mmol) and iodine

(one small crystal). After 30 minutes of refluxing, the

mixture was cooled to room temperature and CO2 (g) was

bubbled through. After 3 hours, ammonium chloride (aq, 15%,

50 mL) was added followed by diethyl ether (100 mL). The

layers were separated and the organic layer was dried

to warmed magnesium turnings

(MgSO4) and concentrated to give 5.8 g of an oil. The crude

product was chromatographed on silica (using a gradient of

acetone up to 5% ethanol in acetone) to give the pure

product (1.3 g, 23%) as an oil. N-benzyl-N-isopropyl-3-(2-

benzyloxyphenyl)-3-phenylpropanamine (3.1 g) was obtained

as a biproduct from the reaction. 1H NMR (CDCl3) 5 0.98 (d,

3H), 1.10 (d, 3H), 2.30-2.40 (m, 2H), 2.46-2.65 (m, 2H),

3.40 (br, 1H), 3.85 (br, 2H), 4.30 (br, 1H), 4.98 (br, 2H),

6.80 (d, 1H), 7.10-7.40 (m, 15H), 7.95 (d, 1H), 7.95 (d,

1H), 8.20 (s, 1H).

EXAMPLE 21

N-Benzy1-N—isopropy1-3-(2-hydroxypheny1)-3-

phenylpropanamine hydrochloride

N—Benzyl-N-isopropyl-3-(2—benzyloxy—5—carboxyphenyl)—

3-phenylpropanamine, prepared as described in Example 20.3,

(3.1 g, 6.90 mmol) was refluxed in concentrated HCl (30 mL)

for 20 h. The reaction mixture was allowed to cool to room

temperature and the liquid was poured off. The remaining

oil was washed with water and diethyl ether and then
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dissolved in 2-propanol. The solution was evaporated and

treated with 10 M sodium hydroxide to give the free base.

Chromatography on silica (hexane:ethyl acetate 75:25)

afforded 0.5 g of the compound that was fractionated on a

reversed—phase PEP—RPC HR 30/26 column using a gradient of

acetonitrile (containing 0.1% TFA) and milliQ-water

(containing 0.1% TFA). The pure fractions were pooled and

extracted with diethyl ether and 10 M sodium hydroxide. To

the resulting diethyl ether solution was added dropwise

saturated diethyl ether-HCl (g). The resulting crystals of

the hydrochloric salt were collected by filtration; mp 115-

122 °C; 1H NMR (DMSO—d5) 5 1.28 (m, 6H), 2.27-2.38 (m, 1H),

2.48-2.55 (m, 1H), 2.72-2.97 (m, 2H), 3.55 (m, 1H), 4.23

(m, 2H), 4.35 (m, 1H), 6.68-6.74 (m, 1H), 6.82 (dt, 1H),

6.96-7.24 (m, 7H), 7.38-7.42 (m, 3H), 7.64-7.68 (m, 2H),

9.55 (d, 1H), 10.62 (br, lH). Anal. (C25H29NO-HC1) C, H, N.

EXAMPLE 22

(R)-N,N—Diisopropyl—3-[5-(3-aminopropyl)-2-hydroxyphanyll—

3-phenylpropanamine dihydrochloride

(R)-N,N—Diisopropyl—3-[2-benzy1oxy-5-(2-

cyanoethenyl)phenyl]-3-phenylpropanamine (3.20 g, 7.07

mmol) was dissolved in 100 % acetic acid and 10% Pd/C (0.52

g) was added. The mixture was hydrogenated (60 psi)

overnight at room temperature. The catalyst was filtered

off and the solvent was evaporated. The residue was

dissolved in water, basified with sodium hydroxide (11 M),

extracted with ethyl acetate, the organic phase was dried

(MgSO4), and evaporated. The residue was chromatographed on

silica (toluene-ethyl acetate-triethylamine-methanol,

20:5:l.5:1). The amine was redissolved in diethyl ether and

a HCl-saturated diethyl ether solution was carefully added.

The precipitate was filtered off wich gave 0.30 g ( 10 %);

1H NMR (CD30D) 8 1.29 (m, 12H), 1.88 (m, 2H), 2.51(m, 2H),

2.59 (t, 2H), 2.88 (t, 2H), 3.04 (t, 2H), 3.68 (m, 2H),

4.40 (t, 1H), 4.55 (bs, 1H), 6.76 (d, 1H), 6.93 (d, 1H),

7.03 (s, 1H), 7.19 (t, 1H), 7.30 (t, 2H), 7.37 (d, 2H); mp.
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226-228 °C; [a]D +11.5° (c=1.0, methanol). Anal.

(C24H35N20*2HCl) C, H, N.

The starting compound (R)—N,N—diisopropyl—3-[2-

benzyloxy—5—(2-cyanoethenyl)pheny1]—3—phenylpropanamine was

prepared as follows:

22.1 (R)-N,N-Diisopropy1-3-[2-benzy1oxy-5—(2-cyano-

etheny1)pheny1]-3—pheny1propy1amine

To a solution of (R)-N,N—diisopropyl—3—(2—benzyloxy-5-

bromophenyl)-3-phenylpropanamine (13.87 g, 28.87 mmol)

(prepared as described in WO 94/11337, Example 1) in DMF

(140 mL) was added triethylamin (5.00 mL, 36.10 mmol),

Pd(OAc)2 (0.32 g, 1.44 mmol), tri(o—tolyl)phosphine (1.76

g, 5.77 mmol) and acrylonitrile (2.39 mL, 36.10 mmol). The

reaction mixture was stirred overnight at 115 °C in a

sealed flask equipped with a reflux condenser under

nitrogen atmosphere. The resulting mixture was

concentrated, and the residue was dissolved in diethyl

ether, washed with aqueous 2 M sodium hydroxide and water.

The organic phase was dried (MgSO4) whereafter petroleum

ether was added to the organic phase and a precipitate was

formed. Recrystallisation from ethanol yielded 5.50 g

(42%). 1H NMR (CDC13) 5 0.90 (S, 6H), 0.95 (S, 6H), 2.15

(q, 2H), 2.35 (q, 2H), 2.95 (m, 2H), 4.40 (t, 1H), 5.05 (s,

2H), 5.70 (d, 1H), 6.85 (d, 1H), 7.10-7.50 (m, 13H).

EXAMPLE 23

(R)-N,N-Diisopropy1-3-[5—3-(acetamidopropyl)-2-hydroxy-

phenyll-3-phenylpropanamine hydrochloride

To a solution of (R)—N,N-diisopropyl-3-[5-(3-

aminopropyl)—2~hydroxyphenyl]-3-phenylpropanamine, (Example

22), (0.45 g, 1.23 mmol) in methanol (45 mL) was added

acetic anhydride (0.23 mL, 2.47 mmol). The mixture was

stirred for 3 h at room temperature and then evaporated to

dryness. The residue was dissolved in H20, basified with

aqueous 11 M sodium hydroxide and extracted with toluene.

The organic layer was dried with MgSO4, filtered and
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evaporated. The amine was dissolved in diethyl ether and a

HC1-saturated diethyl ether solution was carefully added.

The precipitate formed was filtered off to give 0.55 g (100

%). 1H NMR (CD3OD) 5 1.27 (m, 12H), 1.75 (m, 2H), 2.08 (s,

5 3H), 2.52 (m, 4H), 3.04 (t, 2H), 3.20 (t, 2H), 3.68 (m,

2H), 4.40 (t, 2H), 6.72 (d. 1H), 6.90 (d, 1H), 6.99 (5,

1H), 7.19 (t, 1H), 7.30 (m, 4H); mp. 171-175 °C; [a]D +3.6°

(c=0.5, methanol). (C25H33N2O2*HCl) C, H, N.

10 EXAMPLE 24

(R)-N,N—Di1sopropyl-3-[5-(2-cyanoethyl)-2—hydroxypheny1]-3-

phenylpropanamine hydrochloride

(R)—N,N—Diisopropyl—3—[2—benzyloxy—5—(2-

cyanoethenyl)phenyl]-3—phenylpropy1amine (Example 22.1),

15 (4.00 g, 8.84 mmol) was treated as described in Example 22,

but the hydrogenation was performed at atmospheric

pressure. Yield 1.35 g (38 %); 1H NMR (CD3OD) 5 1.14 (s,

6H), 1.16 (s, 6H), 2.50 (m, 2H), 2.79 (t, 2H), 3.05 (t,

2H), 3.68 (m, 2H), 4.39 (t, 2H), 6,75 (d, 1H), 6.98 (d,

20 1H), 7.09 (s, 1H), 7.19 (t, 1H), 7.32 (m, 4H), mp. 156-159

°C; [a]D +4.0° (c=0.5, methanol); Anal.

(Czfifi2N2O*1.0HCl*0.25H¢O) C, H; N: calcd, 6.9; found, 6.4.

EXAMPLE 25

25 (R)-N,N—Diisopropy1-3-[S-(2-carbamoylethyl)-2-hydroxy-

phenyll-3-phenylpropanamine hydrochloride.

A solution of (R)—N,N—diisopropyl-3-[5-(2—cyanoethyl)—

2-hydroxyphenyll-3—pheny1propanamine (Example 24), (2.00 g,

5.48 mmol), in conc. HC1 was stirred at 50 °C for 2 h and

30 then evaporated. The residue was dissolved in water,

basified with aqueous 11 M sodium hydroxide and extracted

with toluene. The organic layer was dried (MgSO4),

filtrated and evaporated. The residue was chromatographed

on toluene-ethyl acetate—triethylamine—methanol, 7:2:1:1.

35 The product was obtained from dietyl ether—hydrogen

choride. Yield 0.9 g (39%); 1H NMR (CD3OD) 5 1.31 (m, 12H),

2.44 (t, 2H), 2.53 (m, 2H), 2.78 (t, 2H), 3.04 (t, 2H),
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3.67 (m, 2H), 4.39 (t, 1H), 6.72 (d, 1H), 6.82 (d, 1H),

7.02 (S. 1H), 7.18 (t, 1H), 7.32 (m, 4H); mp. 200-202 °C;

[(X]D +7.5° (C=0.5, methanol). Anal. (C24H34N202*1.0HCl

*0.5H2O) C, H, N.

EXAMPLE 2 6

(R)-N,N-Diisopropyl-3-[5-(2-carboxyethyl)-2-hydroxyphenyll-

3-phenylpropanamine hydrochloride

To'a solution of (R)-N,N-diisopropyl—3-[5-(2-

10 carbamoylethyl)—2—hydroxyphenyl]-3-phenylpropanamine

(obtained in Example 25), (0.50 g, 1.31 mmol) in ethanol

(15 mL) and H¢O (10 mL) was added KOH (3.75 g, 66.8 mmol).

The mixture was stirred overnight at 100 °C. The solvent

was evaporated and the residue redissolved in H20 and

15 washed with diethyl ether. The aqueous layer was acidified

with conc. HCl and the precipitate was collected by

filtration and washed with 2 M Hcl. The product was

fractionated on a reversed—phase PEP RPC HR 30/26

(Pharmacia Biotech AB, Sweden) column using a gradient of

20 20-60% acetonitrile with 0.1% TFA. Fractions were pooled

and hydrochloric acid (2 mL, conc.) was added and the

solvent was evaporated. The residue was crystallised from

methanol—diethyl ether to give 0.37 g (0.96 mmol, 74%); 1H

NMR (CD3OD) 5 1.28 (m, 12H), 2.48 (m, 4H), 2.76 (t, 2H),

25 3.04 (t, 2H), 3.67 (m, 2H), 4.39 (t, 1H), 6.72 (d, 1H),

6.92 (d, 1H), 7.00 (s, 1H), 7.19 (t, 1H), 7.32 (m, 4H); mp.

205-207 °C; [a]D +3.7° (c=l.O, methanol). Anal.

(C24H33NO3*1.0HCl) C, H, N.

30 EXAMPLE 27

(R)-(N,N-Diisopropy1—3-(5-amino-2-hydroxyphenyl)-3-

phenylpropanamine dihydrochloride

(R)—N,N-Diisopropyl-3-(5—azido—2—benzyloxyphenyl)-3-

phenylpropanamine (0.90 g, 2.03 mmol) was dissolved in

35 acetic acid and 10% Pd/C (210 mg, cat.) was added. The

mixture was stirred and exposed to H2 (1 atm.) at room

temperature overnight. The Pd/C catalyst was filtered off,

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1016



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1017

5

10

15

20

25

30

35

W0 98/43942 PCT/SE98/00556
44

and the filtrate evaporated. The residue was dissolved in

water and basified with aqueous 11 M sodium hydroxide,

extracted with diethyl ether, dried (MgS04) filtrated and

evaporated. The crude residue was chromatographed on silica

7:3:l). The hydrochloride

was obtained from dietyl ether hydrogen chloride. The

(n—hexane-ethanol-triethylamine,

resulting oil was freeze—dried from water. Yield 0.30 g (37

as); 1H NMR (DMSO) 8 1.13 — 1.33 (m, 12H), 2.47 (m,

2.82 (br, 1H), 2.98 (br, 1H), 3.57 (br, 2H),

6.96 (d, 1H), 7.08 (d, jH), 7.19 (s, 1H),

7.32 4H), 10.05 (br, 2H), 10.13 (s,

°C; [a]D +21.0° (c=0.1, methanol). Anal.

(C21H3oN2O*2.0HCl*0.5I-I20) C, H, N.

2H).

4.38 (t, 1H),

7.22 (m, 1H),

(m, lH); mp. 180-183

The starting compound (R)—N,N—diisopropyl—3-(5-azido-

2-benzyloxyphenyl)-3-phenylpropanamine was prepared as

follows:

'27.1 (R)-N,N-Diisopropy1-3-(5-azido-2-benzyloxyphenyl)-3-

phenylpropanamine

To a mixture of (R)—N,N—diisopropyl—3-(2—benzyloxy-5-

20.81 mmol)

(prepared as described in WO 94/11337, Example 1) and Mg

(1.57 g, 64.52 mmol) in THF (50 mL) was added 1,2-

dibromoethane (3.59 mL, 41.63 mmol) and the solution was

bromophenyl)—3—phenylpropanamine (10.00 g,

self—ref1uxing for a while. The mixture was refluxed for 1

h whereafter the solution was cooled and tosyl azide (4.10

g, 20.81 mmol) in diethyl ether (100 mL) was added with

constant stirring while keeping the temperature at 0 °C

wherafter the temperature'was allowed to rise to room

temperature for 4 h. A solution of tetra-sodium

10.00 mmol) in 50 mL

water was added. A precipitate was filtered off and the

pyrophosphate decahydrate (4.46 g,

filtrate was evaporated. The residue was extracted with

diethyl ether, the organic phase was dried (MgSO4) and

evaporated. The residue was chromatographed on silica (n-

hexane-ethanol, 8:2). The product was crystallised from

ethanol to give 1.15 g (13 %); IR (KBr) 2116 (N3) cnrl; 1H
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NMR (CDCl3) 5 0.92 (d, 12H). 2.10 (m, 2H), 2.33 (m, 2H),

2.95 (m, 2H), 4.40 (t, 1H), 5.00 (s, 2H), 6.81 (d, 2H),

6.97 (S, 1H), 7.10 — 7.40 (m, 10H).

EXAMPLE 28

(R)-N,N—Diisopropy1—3-(5-azido-2-hydroxyphenyl)-3-

phenylpropanamine hydrochloride

To a solution of (R)-N,N—diisopropyl-3-(5—amino—2—

hydroxyphenyl)-3—phenylpropanamine (0.25 g, 0.76 mmol) in

0.78 M HCl (5.35 mL, 4.20 mmol) was added NaNO2(0.05 g,

0.76 mmol) dissolved in H20 (0.4 mL) at -10 °C and the

mixture was stirred for 20 minutes. To the mixture was

added NaN3_ (57 mg, 0.88 mmol) dissolved in H20 (0.4 mL),

and the mixture was stirred at -10 °C for 30 minutes. The

mixture was basified (pH 7-8) with aqueous 11 M sodium

hydroxide and extracted with diethyl ether. The diethyl

ether phase was dried (MgSO4) and evaporated to give an

oil, which was chromatographed on silica (toluene-ethyl

acetate-triethylamine 7:221). The product was dissolved in

diethyl ether and hydrogen chloride in diethyl ether was

added. The precipitate was filtered to give (0.07 g, 0.18

mmol, 24%) IR (KBr) 2111 (N3) cm‘

1; 1H NMR (CD3OD) 8 1.29 (m, 12H), 2.50 (m, 2H), 3.04 (m,

2H), 3.68 (m, 2H), 4.40 (t, 1H), 6.68 (s, 1H), 6.81 (m,

2H), 7.23 (m, 1H), 7.35 (m, 4H); mp. 131-134 °C; [a]D —5.0°

(c=0.1, methanol).

of light-brown crystals.

The starting compound (R)—N,N—diisopropyl-3-(5—amino—

2—hydroxyphenyl)-3—pheny1propanamine was prepared as

follows: '

28.1 (R)-N,N-diisopropy1-3-(2-hydroxyphenyl)-3-

phenylpropanamine

A solution of (R)—N,N—diisopropyl—3-(2-benzyloxy—5-

bromophenyl)-3—phenylpropanamine (prepared as described in

WC 94/11337, Example 1)(7.30 g, 15.2 mmol) treated as

described in Example 1.3 above. Yield 4.47 g (94 %).
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28.2 (R)-N,N—Diisopropy1-3-[2-hydroxy-5-(4-

methy1pheny1azo)pheny1]-3-phenylpropanamine

NaNO2 (0.27 g, 4.30 mmol) was added to a mixture of

hydrochloric acid (0.64 mL, 7.70 mmol, conc.) and p-

methylaniline (0.41 g, 3.80 mmol) in ice—water (20 mL). The

mixture was stirred at 0 °C for 10 min. and then added to

(R)—N,N—diisopropy1-3—(2-

hydroxyphenyl)-3-phenylpropanamine (1.00 g, 3.21 mmol) in

THF (3mL), H20 (12 mL) and sodium hydroxide (0.69 g, 17.32

mmol). After stirring the mixture for 20 minutes,

an ice—co1d solution of

it was

extracted with toluene, dried (MgSO4), and evaporated to

give an oil, which was chromatographed on (to1uene—ethyl

acetate—triethylamine 8:1:1) to give 0.83 g, 1.93 mmol,

(60%) of the title compound. 1H NMR (CDC13) 8 1.12 (d, 6H),

1.19 (d, 6H), 2.22 (m, 1H), 2.43 (m, 5H), 2.79 (m, 1H),

3.32 (m, 2H), 4.57 (d, 1H), 6.98 (d, 1H), 7.24 (m, 3H),

7.36 (m, 4/1H), 7.66 (m, 421). '

28.3 (R)-N,N-Diisopropy1-3-(5-amino—2-hydroxyphenyl)-3-

phenylpropanamine

A solution of Na2S2O4 (1.23 g,

mL) was added to a solution of (R)—N,N—diisopropyl—3—I2—

12.8 mmol) in water (10

hydroxy—5—(4—methy1phenylazo)phenyl]-3-phenylpropanamine

(0.55 g, (50 mL) at 75 °C during 15

min. More dry Na2S2O4 (1.23 g, 12.8 mmol) was added in 10

portions. Water was added to the solution which was then

1.28 mmol) in ethanol

extracted with diethyl ether. The organic layer was dried

(MgSO4) and evaporated to give an oil, which was

chromatographed on silica (n—hexane-ethanol—triethylamine

7:3:1) to give an oil. The product was dissolved in ethanol

and hydrogen chloride in diethyl ether was added. The

solvent was evaporated, redissolved in water and vacuum-

dried wich yielded 0.25 g (60%).
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EXAMPLE 29

(R)—N.N-Diisopropyl-3-[2-hydroxy-5-(3-hydroxypropy1)-

phenyll-3-phenylpropanamine hydrochloride

A solution of (R)—N,N—diisopropy1—3—[5-(2-

5 ethoxycarbonylethyl)-2—hydroxyphenyl]-3-phenylpropanamine

(2.0 g, 4.86 mmol) in THF (50 mL) was added dropwise to LAH

(0.28 g, 7.29 mmol). After stirring for 2 h, the reaction

was quenched and the solvent evaporated. The residue was

recrystallized from ethanol—water. The product was

10 dissolved in ethanol and hydrogen chloride in diethyl ether

was added. White crystals were filtered off to give 0.82 g

(46%); mp. 204-207 °C; [a]D +12.8° (C=l.O, methanol); 1H

NMR (DMSO) 5 1.18 (t, 6H), 1.24 (t, 6H), 1.63 (m, 2H),

2.47 (m, 4H), 2.87 (br, 2H), 3.38 (q, 2H), 3.57 (br, 2H),

15 4.32 (t, 1H), 4.42 (t, 1H), 6.74 (d, 1H), 6.83 (d, 1H),
7.03 (S, 1H), 7.17 (t, 1H), 7.30 (m, 4H) Anal.

(C2fifi5NO2*l.0HCl) C, H, N.

The starting compound (R)-N,N—diisopropyl—3—[5—(2-

20 ethoxycarbonylethyl)-2—hydroxyphenyl]-3—phenylpropanamine

was prepared as follows:

29.1 (R)-N.N-Diisopropy1-3-[2-benzy1oxy-5-(2-

ethoxycarbonylethyl)phenyl]-3—pheny1propanamine

25 A solution of triethyl phosphonoacetate (6.93 mL,

34.92 mmol) in THF (50 mL) was added dropwise to NaH (0.84

g, 29.10 mmol, 80%). The mixture was cooled to 0 °C and

(R)—N,N—diisopropyl-3-(2—benzyloxy—5—formy1phenyl)-3-

phenylpropanamine, prepared as described in Example 17.1,

30 (5.00 g, 11.64 mmol) in THF (50 mL) was added dropwise. The

mixture was stirred for 3 h at 0 °C. The solvent was

evaporated and the residue was redissolved in toluene and

washed twice with water. The organic layer was dried

(MgSO4) and the solvent evaporated to give 5.0 g (86%).

35
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29.2 (R)-N,N-Diisopropy1—3-[5-(2-ethoxycarbonylethyl)-2-

hydroxyphenyll-3-phenylpropanamine

(R)—N,N—Diisopropyl—3-[2—benzyloxy-5—(2-

ethoxycarbonylethyl)pheny1]—3—pheny1propanamine (3.0 g,

5. 5.98 mmol) was treated as described in Example 1.3. Yield

2.0 g (81%); 1H NMR (CDCl3) 5 1.08 (d, 6H), 1.12 (d, 6H),

1.18 (t, 3H), 2.05 (m, 2H), 2.37 (m, 4H), 2.72 (t, 2H),

3.22 (m, QH). 4.03 (q. 2H), 4.48 (m, 1H), 6.55 (s, 1H),

6.86 (m, fifi), 7.28 (m, SH).

10

EXAMPLE 30

N,N-Diisopropy1-3-(5-ethylaminomethyl-2-hydroxyphenyl)-3-

phenylpropanamine

(R)—N,N—Diisopropyl-3-(5—formyl—2-hydroxyphenyl)-3-

15 phenylpropanamine (prepared in Example 7.1) (1.23 g, 3.62

mmol) was dissolved in methanol (20 mL). Ethylamine [3.62

mL, 21.7 mmol (6M hydrochloric acid in methanol)] and

sodium cyanoborohydride (0.14 g, 2.17 mmol) were added. The

mixture was stirred overnight at room temperature. The

20 solvent was evaporated and the residue was chromatographed

on silica (toluene-ethyl acetate—triethy1amine 7:3:1). The

product was dissolved in diethyl ether and hydrogen

chloride in diethyl ether was added. The resulting oil was

stirred in diethyl ether over night to give crystals. Yield

25 0.70 g (44%); mp. 140-142 °C; [a]D —5.0° (c=0.5, methanol);

1H NMR (CEb0D) 5 1.30 (m, 15H), 2.59 (m, 2H), 3.05 (m,

4H), 3.70 (m, 2H), 4.07 (s, 2H), 4.42 (t, 1H), 6.85 (d,

1H), 7.20 (m, gfi), 7.30 (t, 2H), 7.41 (d, 2H), 7.50 (s, 1H)

Anal. (C24H35N2O*2.0HCl*0.5H2O) C,H,N.

30

EXAMPLE 31

N-Cyc1obutyl-N-methy1-3-(2-hydroxypheny1)-3-

phenylpropanamine hydrochloride

A solution of N-cyclobutyl-N—methyl—3—(2—benzy1oxy—5-

35 bromophenyl)-3-phenylpropanamine (1.60 g, 3.44 mmol) was

hydrogenated over Pd/C (160 mg, 10%) in acetic acid at room

temperature overnight. The solution was basified with
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sodium hydroxide (11 M) and the mixture was filtered. The

filtrate was extracted with ethyl acetate, dried (MgSO4)

and the solvent evaporated. The residue was chromatographed

on silica (toluen-triethylamine 9:1). The free amine was

dissolved in diethyl ether and hydrogen chloride in diethyl

ether was added to give an oil. The oil was crystallised in

2—propanol to give 0.90 g (79%); mp. 153-155 °C; 1H NM

(CIuOD) 8 1.78 (m, 2H), 2.22 (m, 4H), 2.48 (m, 2H), 2.72

(s, 3H), 2.95 (br, 2H), 3.68 (m, 1H), 4.44 (t, 1H),

(t, 1H), 6.79 (d, 1H), 7.03 (t, 1H), 7.12 (d, 1H),

1H), 7.28 (t, 2H), 7.34 (d, 2H); Anal.

2—propanol) C, H, N.

5.78

7.18 (t,

(C2oH25NO*l . 0 . 3

The starting compound N—cyclobutyl—N-methyl—3—(2-

benzyloxy—5—bromophenyl)-3-phenylpropanamine was prepared

as follows:

31.1 N-Cyc1obuty1-3-(2-benzyloxy-5-broopheny1)-3-

phenylpropanamine

5 M HC1—methanol (3.50 mL, 17.71 mmol) was added to a

solution of cyclobutylamine (4.50 mL, 53.15 mmol) in

methanol (14 mL). The mixture was added to 3—(2—benzyloxy-

5-bromophenyl)-3—phenylpropanal (Example 20.1), (3.50 g,

8.86 mmol), followed by sodium cyanoborohydride (0.389 g,

6.20 mmol).

temperature overnight. The solvent was evaporated and the

The reaction mixture was stirred at room

residue was chromatographed on silica (to1uene—ethy1

acetate—triethylamine 92:4:4).Yield 2.61 g (65%); 1H NMR

(CDCI3) 5 1.57 (m, 5H), 2.14 (m, 4H), 2.47 (t. 2H), 3.16

(m, 1H), 4.45 (t, 1H), 5.00 (s, 2H), 6.75 (d, 1H), 7.10-

7.47 (m, 12H).

31.2 N-Cyclobutyl-N-methyl-3-(2-benzyloxy-5-bromophenyl)-3-

phenylpropanamine

5 M HC1—methanol (0.46 mL, 2.32 mmol), formaldehyde

(0.870 g, 28.97 mmol) and sodium cyanoborohydride (0.255 g,

4.056 mol) were added to a solution of N-cyclobutyl-3-(2-

benzyloxy—5—bromophenyl)-3-phenylpropanamine (2.61 g, 5.79
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mmol) in methanol (8 mL). The reaction mixture was stirred

at room temperature overnight. The solvent was evaporated

and the residue was chromatographed on silica (hexane-

triethylamine, 9:1). Yield 1.59 g (59%); 1H NMR (CDC13) 5

5 1.59 (m, 2H), 1.73 (m, 2H), 1.91 (m, 2H), 2.06 (s, 3H),

2.16 (m, 4H), 2.68 (m, 1H), 4.38 (t, 1H), 5.00 (s, 2H),

6.72 (d. 1H), 7.12-7.58 (m, 12H).

EXAMPLE 32

10 N-Cyclopentyl-N-methy1-3-(2-hydroxyphenyl)-3-

phenylpropanamine hydrochloride .

N—Cyclopentyl-N-methyl—3-(2-benzyloxy-5—bromophenyl)—

3—phenylpropanamine (2.46 g, 5.14 mmol) was treated as

described in Example 31. The crude was not chromatographed

15 but crystallised from aqueous ethanol. Yield 1.24 g (70%)

1H NMR (DMSO) 8 1.48 (br, 1H), 1.66 (br, 21-1), 1.85 (br,

1H), 2.46 (br, 2H), 2.68 (s, 3H), 2.87 (br, 2H), 3.53 (m,

1H), 4.35 (t, 1H), 6.77 (t, 1H), 6.83 (d, 1H), 7.01 (t,

1H), 7.16 (t, 1H), 7.27 (t, 3H), 7.33 (d, 2H), 9.57 (br,

20 1H), 10.85 (br, 1H); mp 169-172 °c,- Anal. (C21H27NO*HCl) C,

H, N. ’

The starting compound N-cyclopentyl-N-methyl-3—(2-

benzyloxy—5—bromophenyl)-3—phenylpropanamine was prepared

25 as follows:

32.1 N-Cyc1openty1-3-(2-benzy1oxy-5-bromophenyl)-3-

phenylpropanamine

3-(2—Benzy1oxy-5-bromophenyl)-3—phenylpropanal,

30 prepared as described in Example 20.1, (7.00 g, 17.71 mmol)

was treated with cyclopentylamine as described in Example

31.1. Yield 4.9 g (59%); 1H mm (CDCI3) 6 1.20 (m, 2H),

1.40-1.80 (m, 6H), 2.18 (m, 2H), 2.55 (t, 2H), 2.98 (m,

1H), 4.45 (t, 1H), 5.00 (S. 2H). 6.75 (d, 1H). 7.10-7.45

35 (m, 12H).
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32.2 N—Cyc1openthy1—N-methy1—3—(2—benzy1oxy-5-bromophenyl)-

3—pheny1propanamine

A solution of N-cyclopentyl-3-(2-benzyloxy-5-

bromophenyl)—3—phenylpropanamine (3.50 g, 7.53 mmol) was

.treated as described in Example 31.2. Yield 2.46 g (68%);

1H NM (CDC13) 5 1.10~l.8O (m, 8H), 2.19 (m, 5H), 2.36 (m,

2H), 2.58 (m, 1H), 4.37 (t, 1H), 4.98 (S, 6.72 (d,

1H), 7,10-7.50 (m, 12H).

2H),

EXAMPLE 33

N,N—Diisopropy1-3-(2-aminophenyl)-3-phenylpropanamine

hydrochloride

LAH (0.94 g, 24.8 mmol) was added to a solution of

N,N—diisopropyl-3-(2—aminophenyl)-3—phenylpropenylamide

(1.6 g, 4.98 mmol) in THF (90 mL). The mixture was stirred

for 72 h at room temperature. The reaction was quenched and

the solvent evaporated. The crude residue was fractionated

on a reversed-phase PEP RPC HR 30/26 (Pharmacia Biotech AB,

Sweden) column using 20 % acetonitrile with 0.1% TFA.

Hydrochloric acid was added to the pure fractions and the

solvent was evaporated. The residue was redissolved in

water and freeze—dried giving 88 mg (5%); mp 138 - 142 °C;

1H NMR (DMSO) 8 1.25 (m, 12H), 2.47 (m, 1H), 2.65 (m, 1H),

2.87 (m, 1H), 3.13, (m, 1H), 3.59 (br, 2H), 4.58 (t, 1H),

7.20 — 7.37 (m, 5H), 7.42 (m, 2H), 7.54 (d, 2H), 9.94 (br,

2H). Anal. (C2lH30N2*HCl*H20) C, N, H: calcd.8.5; found

7.9.

The starting compound N,N—diisopropyl-3-(2-

aminophenyl)—3—phenylpropenylamide was prepared as follows:

33.1 2-(3,5-Dimethyl-4-hydroxyphenylazo)benzophenone

A slurry of ice (500 mL). hydrochloric acid (16.8 mL,

202 mmol, conc.), 2—aminobenzophenone (20.00 g, 101 mmol)

and NaNO2(9.0 g, 131 mmol) were added to a stirred

solution of 2,6—dimethylphenol (18.40 g, 151 mmol) and

(16.20 g, 404 mmol) in ice—cold water (100

mL). After 20 minutes the mixture was extracted with

sodium hydroxide
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diethyl ether. The organic phase was washed with

hydrochloric acid (6 M), NaHCO3mqh dried (MgSO4) and the

solvent evaporated. The crude residue was chromatographed

on silica (toluene) and pure fractions were pooled and

evaporated to give a red oil. The oil was crystallised in

hexane/toluene to give 7.73 g (23%).

33.2 2-(3,5-Dimethyl-4-tosyloxyphenylazo)benzophenone

A mixture of 2-(3,5—dimethyl—4-hydroxyphenylazo)~

benzophenone (7.73 g, 23.41 mmol) and tosyl chloride (9.4

g, 49 mmol) in pyridine (20 mL) was stirred at 90 °C for 9

h. Water was added and the mixture was extracted with

diethyl ether. The organic phase was washed with sodium

hydroxide (2 M) and hydrochloric acid (2 M), dried (MgSO4)

and the solvent evaporated. The product was crystallised in

ethanol to give 7.62 g (67%); 1H NMR (CDCl3) 8 2.08 (s,

6H), 2.49 (s, 3H), 7.05 (s, 2H), 7.37 (m, 4H), 7.48 (m,

1H), 7.62 (m, 3H), 7.82 (m, SH).

33.3 N,N-Diisopropy1-3-[2-(3,5-dimethyl-4-tosy1oxypheny1-

azo)pheny1]—3—pheny1propenamide

2-(3,5—Dimethyl—4—tosyloxyphenylazo)benzophenone (7.22

g, 14.9 mmol) was treated as described in Example 4.2 but

with 3 eq of N,N—diisopropylacetamide diethylphosphonate

and sodium hydride. Yield 4.5 g (50%). 1H NMR (CDCl3) 3

0.72 (d, 3H), 0.82 (br, 3H), 1.28 (d, 3H), 1.42 (d, 3H),

2.10 (S, 3H), 2.14 (S, 3H), 2.45 (S, 3H), 3.25 (m, 1H),

4.28 (m, 1H), 6.05 and 6.63 (s, 1H), 7.00 - 7.90 (m, 15H).

33.4 N,N-Diisopropy1-3-[2-(3,5—dimethyl-4-hydroxyphenyl-

azo)pheny1]-3-phenylpropenamide

A solution of potassium hydroxide (10.3 mL, 6 M) and

N,N-diisopropyl—3-[2-(3,5—dimethyl—4—tosyloxyphenyl—

5.74 mmol) in

ethanol (110 mL) was refluxed for l h. The mixture was

azo)phenyl]-3-phenylpropenamide (3.5 g,

acidified with hydrochloric acid (conc.) and the solvent

evaporated. The residue was partioned between toluene and

water. The organic layer was dried (MgSO4) and the solvent
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evaporated. The crude residue was chromatographed on silica

(toluene—ethyl acetate 9:2). Yield 1.3 g (50%). 1H NMR

(CDCl3) 5 0.71 (d, 3H), 0.80 (br, 3H), 1.27 (d, 3H), 1.40

(d, 3H), 2.20 (s, 3H), 2.23 (s, 3H), 3.25 (m, 5H), 4.35 (m,

1H), 5.52 (brd, 1H), 6.05 and 6.60 (s, 1H), 7.00 — 7.80 (m.

11H).

o

33.5 N,N-Diisopropy1-3-(2-aminophenyl)-3-phenylpropenamide

N,N-Diisopropyl-3- [2— (3, 5—dimethyl—4—hydroxyphenyl—

azo)phenyl]—3—phenylpropenamide (2.58 g, 5.68 mmol) was

treated as described in Example 28.3. The crude residue

gave crystals from aqueous ethanol. Yield 1.23g (67%).

EXAMPLE 3 4

N,N-Diisopropyl-3-(benzoxazol-2—y1)-3-phenylpropanamine,

hydrochloride

A mixture of N,N-diisopropyl-3-ethoxycarbony1—3—

phenylpropanamine (2.51 g, 8.6 mmol), 75% aqueous ethanol

(15 mL) and 2 M NaOH (8.5 mL, 17 mmol) was refluxed over

night. After evaporation of the solvent, the residue was

made acidic with 2 M HCl and the solvent was evaporated. A

mixture of the residual semicrystalline oil was heated with

(1.8 g, 16.5 mmol) and polyphosphoric acid

(12 g) at 200°C for 2 hours under N2. The somewhat cooled

hard solid was dissolved in water and washed once with

o—aminophenol

diethyl ether. The aqueous phase was made alkaline (11 M

NaOH) and extracted twice with diethyl ether. The combined

organic phases were dried (Na2SO4) and the solvent

evaporated. The crude product was chromatographed on silica

(petroleum ether/triethylamine 97:3). The pure amine was

precipitated as hydrochloride from diethyl ether affording

white crystals, 1.27 g (39%): mp 197-198°C; 1H NMR (CDCl3) 5

1.49 (m, 12H), 2.80-3.20 (m, 4H), 3.48 (br, 2H). 4.45 (t,

1H), 7.25-7.48 (m, 8H), 7.70 (m, 1H), 11.48 (br, 1H).

The starting compound N,Nvdiisopropyl-3-

ethoxycarbonyl-3—phenylpropanamine was prepared as follows:
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34.1 N,N—Diisopropyl-3-cyano-3-phenylpropanamine

Sodium hydride, 80% in mineral oil (2.82 g, 94 mmol),

was washed with petroleum ether and dried under a N2-

stream. Dry DMF (100 mL) was added. Benzyl cyanide (12.1 g,

103 mmol) was added to the stirred suspension over a period

of 20 min. The temperature rose to approx. 45°C. The

mixture was stirred for another 15 min. 2—Chloroethyl—

diisopropylamine (15.4 g, 94 mmol) was added. All the amine

was consumed within 30 min. Most of the DMF was evaporated

under reduced pressure and the residue was dissolved in

water/diethyl ether. The aqueous phase was extracted once

with diethyl ether and the combined organic phases were

extracted twice with 2 M HCl. The combined aqueous phases

were made alkaline (11 M NaOH) and extracted twice with

diethyl ether. The combined organic phases were then dried

(Na2SO4) and the solvent was evaporated. The crude product

was chromatographed on silica (petroleum ether-

triethylamine, 40:1), affording the title compound, 16.8 g

(67%), as a colourless liquid. 1H NMR (CDCl3) 5 1.01 (m,

12H), 1.97 (m, 2H), 2.62 (m, 2H), 3.00 (m, 2H), 4.02 (dd,

1H), 7.17-7.40 (m, SH).

34.2 N,N-Diisopropyl-3-carbamoy1-3-phenylpropanamine

N,N—Diisopropyl-3—cyano—3-phenylpropanamine (11.6 g,

47.5 mmol) was mixed with H2SO4 (90%, 100 mL) and the

mixture was stirred at 100°C for 30 min. The reaction

mixture was poured on ice, made alkaline (11 M NaOH) and

extracted twice with diethyl ether. The combined organic

phases were dried (Na2SO4) and the solvent evaporated,

affording the title compound as a colourless oil, 12.4 g

(100%); 1H NMR (CDCI3) 5 1.26 (m, 12H), 2.14 (m, 1H), 2.60

(m, 1H), 2.73 (t, 2H), 3.31 (m, 2H), 3.86 (t, 1H), 6.06

(br, 2H), 7.51— 7.61 (m, SH).

34.3 N,N-Diisopropyl-3-ethoxycarbonyl-3-phenylpropanamine

N,N-Diisopropy1—3—carbamyl—3-phenylpropanamine (26.5 g

0.100 mol) was added into aqueous ethanol (90%, 300 mL)
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containing conc. HNO3 (13.3 g, 0.21 mol) and refluxed for

five days. Most of the solvent was evaporated under reduced

pressure and the residue was mixed with water/diethyl

ether. The organic phase was washed once with water. The

5 combined aqueous phases were made alkaline (11 M NaOH) and

extracted twice with diethyl ether. The combined organic

phases were then dried (Na2SO4) and the solvent evaporated.

The crude product was chromatographed on silica (petroleum

ether-triethylamine, 97/3), to afford the title compound as

10 a colourless liquid, 20.1 g (68.7%): 1H NM (CDCl3) 5 0.96

(m, 12H), 1.21 (t, 3H), 1.81 (m, 1H), 2.22 (m, 1H), 2.40

(t, 2H), 3.66 (dd, 1H), 4.12 (m, 2H), 7.20-7.32 (m, SH).

EXAMPLE 35

15 N,N-Diisopropy1-3-(oxazol-5-yl)-3-phenylpropanamine

hydrochloride

Freshly distilled methylisonitrile (1.66 g, 40.4 mmol)

was dissolved in dry THF (75 mL) under N2-atmosphere and

the mixture was cooled to -78°C. 1.4 M n—BuLi (29 mL, 40.5

20 mmol) was slowly added to the solution, followed by N,N-

diisopropyl-3-ethoxycarbonyl—3—phenylpropanamine (4.71 g,

16.2 mmol) in THF (10 mL). The reaction temperature was

allowed to rise to -20°C, at which the reaction was

quenched with HOAc (10 mL). The solvent was evaporated and

25 the residue was mixed with diethyl ether/water. The organic

phase was washed once with water and the combined aqueous

phases were made alkaline with 11 M NaOH and extracted

twice with diethyl ether. The organic phases were put

‘together, dried (Na2SO4) and the solvent evaporated. The

30 crude product was chromatographed on silica (chloroform-

methanol—conc. ammonia, 490:10:1). The pure amine was

precipitated with HCl—saturated diethyl ether, affording

the title compound as a glassy oil, 1.4 g (48%). 1H NM

(CD3OD) 5 1.21-1.40 (m, 12H), 2.57 (m, 1H), 2.68 (m, 1H),

35 2.91 (m, 1H), 3.23 (m, 1H), 3.72 (m, 2H), 4.41 (dd, 1H),

7.39 (m, 5H), 7.52 (S, 1H), 9.13 (s, IH).
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EXAMPLE 3 6

N,N-Diisopropy1-3-(imidazo1—4(5)-yl)-3-phenylpropanamine

dihydrochloride

N,N—Diisopropyl-3-oxazol—5-y1—3—pheny1propanamide

(0.76 g 2.6 mmol) was mixed with formamide (5 mL). The

mixture was heated at 175°C for 6 hours. The solvent was

evaporated under vacuum (1 mm Hg) and the residue was

partitioned between 1 M HCl and diethyl ether. The aqueous

phase was made alkaline (11 M NaOH) and extracted twice

with diethyl ether. The combined organic phases were dried

(Na2SO4) and the solvent evaporated. The light brown oil

was dissolved in diethyl ether and added to a suspension of

(0.70 g,

diethyl ether. The reaction mixture was stirred at ambient

lithium aluminium hydride (LAH) 5.4 mmol) in

temperature overnight. The reaction was quenched, and the

solvent was evaporated. The crude amine was dissolved in

EtOAc and precipitated as a hydrochloride salt with HCl—

saturated diethyl ether to afford the title compound as

hygroscopic crystals, 0.32 g (35%): 1H NMR (CDCl3) 5 1.38

(m, 12H), 2.80 (m, 2H), 3.00 (m, 1H), 3.16 (m, 1H), 3.64

(br, 2H), 4.41 (m, 1H), 6.89 (5, 1H), 7.27-7.41 (m, 5H),

8.78 (8, 1H), 10.32 (br, 2H).

The starting compound N,N—diisopropyl—3-oxazol—S-yl—3—

phenylpropanamide (0.76 g 2.6 mmol) was prepared as

follows:

36.1 3-Cyano-3-phenylpropanoic acid

Ethyl cinnamate (85.3 g,

(64.2 g,

mol) were mixed with aqueous DMF

0.484 mol), potassium cyanide

chloride (38.9 g, 0.726

(90%, 360 mL).

The somewhat cooled

0.986 mol) and ammonium

The mixture

was stirred at 105°C for 7 hours.

mixture was filtered and most of the DMF was evaporated.

The residue was taken up in diethyl ether and 1 M HCl. The

aqueous phase was extracted twice with diethyl ether. The

combined diethyl ether phases were evaporated and the black

oil was suspended in EtOH (200 mL) and 2 M NaOH (250 mL)

and stirred at ambient temperature for 2 hours. The mixture
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was diluted with brine (200 mL) and water (400 mL) and

washed twice with diethyl ether. After acidification (12 M

HCl) the aqueous phase was extracted three times with

diethyl ether. The pooled organic phases were dried

(Na2SO4) and the solvent evaporated affording the title

compound as a black oil, 74 g (87%): 1H NMR (CDCl3) 5 1.05

(d, 3H), 1.17 (d, 3H), 1.22 (d, 6H), 2.68 (dd, 1H), 3.16

(dd, 1H), 3.4 (br, 1H), 3.76 (m, 1H) 4.19 (dd, 1H), 7.31

(m, 5H), 8.9 (br, 1H).

36.2 N,N-Diisopropyl-3-cyano-3-phenylpropanamide

3—Cyano—3—pheny1propanoic acid (67.7 g, 0.389 mol) was

dissolved in 2-PrOH. To the filtered acid solution was

carefully added KOH (18.4 g, 0.33 mol) dissolved in 2-PrOH

(200 mL), diethyl ether (100 mL) was added and the

precipitate was filtered off. The dried acid salt (51.9 g,

0.24 mol) was suspended in benzene (400 mL) and oxalyl

chloride was carefully added. The reaction mixture was

stirred at 80°C for 2 hours. The solvent was evaporated and

the residue was co—evaporated twice with benzene. The brown

oil was dissolved in benzene (200 mL) and cooled in an ice-

bath. A solution of diisopropylamine (82 g, 0.81 mol) in

benzene (200 mL) was added to the stirred reaction mixture

during 45 min. The mixture was left to slowly warm up to

room temperature overnight. The solvent was evaporated and

the residue was taken up in diethyl ether and 1 M Hcl. The

organic phase was washed once with water, once with 1 M

NaOH, again with water, dried (Na2SO4) and the solvent

evaporated to afford the title compound as a dark brown

oil, 41.7 g (41%): 1H NM (CDCl3) 5 1.07 (d, 3H), 1.17 (d,

3H), 1.36 (m, 6H), 2.77 (m, 1H), 2.97 (m, 1H), 3,51 (br,

1H), 3.81 (m, 1H), 4.50 (dd, 1H), 7.39 (m, SH).

36.3 N,N-Diisopropyl-3-carbamoyl-3-phenylpropanamide

N,N—Diisopropyl—3-cyano—3—phenylpropanamide (21.1 g,

82 mmol) was dissolved in EtOH (130 mL) and 2 M NaOH (100

mL). Hydrogen peroxide (30%, 20.2 mL, 200 mmol) was added

and the mixture was stirred at ambient temperature for two
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hours. The resulting precipitate was filtered, washed with

water and dried, yielding the title compound as white

crystals, 15.6 g (69%): 1H NM (CDCl3) 5 1.09 (d, 3H), 1.19

(d, 3H), 1.31 (m, 6H), 2.51 (dd, 1H), 3.30 (dd, 1H), 3.41

5 (m, 1H), 4.02 (m, 1H), 4.18 (dd, 1H), 5.7 (br, 1H), 6.4

(hr, 1H), 7.21-7.42 (m, SH).

36.4 N,N-Diisopropyl-3-ethoxycarbonyl-3-phenylpropanamide

N,N—Diisopropyl—3—carbamoyl—3—phenylpropanamide was

10 treated as described in Example 34:3 (two days of reflux

and no chromatography) which gave the title compound as a

colourless semicrystalline oil, 15.9 g (93%): 1H NMR*

(CDCI3) 5 1.19 (m, 9H), 1.36 (m, 6H), 2.53 (dd, 1H), 3.18

(dd, 1H), 3.4 (br, 1H), 3.98 (m, 1H), 4.15 (m, 3H), 7.31

15 (m, SH).

36.5 N,N-Diisopropyl-3-oxazol-5-yl-3-phenylpropanamide

The method described for Example 35 above was used,

starting from N,N-diisopropyl—3—ethoxycarbonyl-3-

20 phenylpropanamide. The crude was chromatographed on silica

(petroleum ether—Et0Ac, 3:2), affording the title compound

as a light yellow oil, 0.77 g (46%): 1H NMR (CDCl3) 8 1.00

(d, 3H), 1.14 (d, 3H), 1.29 (m, 6H), 2.98 (m, 2H), 3.4 (br,

1H), 3,93 (m, 1H), 4.79 (t, 1H), 6.82 (S, 1H), 7.28 (m,

25 5H). 7.76 (S, lH).

EXAMPLE 37

N,N-Diisopropy1-3-(oxazol-2~y1)-3-phenylpropanamine

hydrochloride

30 A mixture of N,N-diisopropyl—3-carbamoyl—3—

phenylpropanamine, prepared in Example 34.2 (4.05 g, 15.4

mmol), 1,2—dich1oroethyl ethyl ether (2,32 g, 16.2 mmol),

water (0.300 g, 16.6 mmol) and formic acid (50 mL) was

stirred at 75°C for 3 hours. The formic acid was evaporated

35 and the residue was dissolved in water/diethyl ether. The

aqueous phase was made alkaline (11 M NaOH) and extracted

twice with diethyl ether. The combined organic phases were
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dried (Na2SO4) and the solvent evaporated. The crude

product was chromatographed on silica (petroleum ether-

triethylamine 97:3). The pure amine was precipitated as

hydrochloride salt with HCl—saturated diethyl ether,

affording the title compound as white crystals, 0.61 g

(12%): mp l57—158°C; 1H NMR (DMSO(d6)) 5 1.11 (m, 12H), 2.35

(m. 1H),

1H),

2.63 (m,

7.21-7.40 (m,

1H), 3.03 (m, 2H),

6H) 8.06 (d, 1H),

3.56 (m. 2H), 4.45

10.20 (br, 1H).

(m.

EXAMPLE 38

N,N-Diisopropyl-3-pheny1—3-(thiazo1—2-yl)propanamine

hydrochloride

The title compound was prepared in an analogous manner

to that described in Example 37. N,N—Diisopropyl-3-phenyl-

3-thiocarbamoylpropanamine (1.11 g, 4.0 mmol) yielded white

crystals of the title compound, 1.12 g (82%): mp 155—156°C;

1H NMR (CDCl3) 8 1.37 (m, 12H), 2.75-3.15 (m, 4H), 3.60 (m,

2H),

(br, 1H).

4.45 (t, 1H), 7.25-7.36 (m, 6H), 7.71 (d, 1H), 11.30

The starting compound N,N-diisopropyl-3—phenyl-3-

thiocarbamoylpropanamine was prepared as follows:

38.1 N,N-Diisopropyl-3-phedyl-3-thiocarbamoylpropanamine

H25 was bubbled into a solution of N,N-diisopropyl—3—

cyano—3—phenylpropanamine, prepared in Example 34.1,

9;

(3.45

14.3 mmol) and triethylamine (2.0 g, 20 mmol) in dry

pyridine (10 mL) until saturation was achieved. The stirred

reaction was held under H28-atmosphere at 65°C for 5 days.

The pyridine was evaporated and the crude product was

chromatographed on silica (chloroform—methano1-conc.

ammonia 380:20:1), yielding the title compound as a

colourless glassy oil, 3.1 g (78%): 1H NM (CDCI3) 5 0.99

(m. 12H).

(t. 1H),

1H) .

2.07 (m,

7.20-7.45

1H), 2.40 (m,

(m 5H),

3H), 3.05 (m,

7.7-8.1 (b, 1H),

2H), 4.10

8.0-8.5 (br,
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EXAMPLE 3 9

N,N-Diisopropy1—3-(4-methylthiazol-2—y1)-3-ppeny1-

propanamine hydrochloride

The title compound was prepared in an analogous manner

to that described in Example 37. N,N—Diisopropyl—3-phenyl-

3—thiocarbamoylpropanamine, prepared in Example 38.1. (1.5

8.1 mmol)

yielded the title compound as a white amorphous substance,

1.1 g (56%): mp 178-181°C; 1H NMR (CDCl3) 6 1.44 (m, 12H),

g, 5,4 mmol), and 2-chloroacetone (0.75 g,

2.50 (S, 3H), 2.98 (m, 3H), 3.18 (m, 1H), 3.60 (m, 2H),

6.94 (d, 1H), 7.30-7.47 (m, 5H), 11.15 (br, 1H).

EXAMPLE 40

N,N-Diisopropy1—3-(thiazol-5-yl)-3-phenylpropanamine

hydrochloride

The title compound was prepared in an analogous manner

to that described in Example 35. Reaction with N,N—

diisopropylamine—3-ethoxythiocarbonyl-3—phenylpropanamine

(1.14 g,

silica (petroleum ether-triethylamine 97:3), affording

white crystals of the title compound, 0.19 g (30%): mp 193-

l94°C; 1H NMR (CDCl3) 5 1.1.34 (m, 12H), 2.85 (m, 4H), 5.56

(m, 2H), 4.29 (t, 1H), 7.26-7.39 (m, 5H), 7.73 (s, 1H),

8.71 (S, 1H) 11.61 (br, 1H).

3.7 mmol) gave a crude that was chromatographed on

The starting compound N,N—diisopropy1amine—3—

ethoxythiocarbony1—3—phenylpropanamine was prepared as

follows:

40.1 N,N-Diisopropyl-3-ethoxythiocarbony1-3-pheny1-

propanamine

HCl—gas was bubbled through an ice-cold solution of

N,N-diisopropyl—3—cyano—3—pheny1propanamine (2.9 g, 12

in dried ethanol (50 mL,

molecular sieve 3 A) until saturation. The stirred reaction

mmol), prepared in Example 34.1,

was held under HC1—atmosphere at room temperature

overnight. The solvent was carefully evaporated and the
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remaining oil was dissolved in dry pyridine (100 mL). To

this solution was added triethylamine (5.7 g, 56 mmol) and

to the now thick suspension was bubbled H28 until

saturation was achieved. The dark olive—green reaction

5 mixture was held under a H28-atmosphere at 65°C overnight.

The solvent was evaporated and the residue was partioned

between 1 M HCl and diethyl ether. The aqueous phase was

made alkaline (11 M NaOH) and extracted twice with diethyl

ether. The combined organic phases were dried (Na2SO4) and

10 the solvent evaporated. The crude product was

chromatographed on silica (chloroform—methanol-conc.

ammonia, 198:1:1), affording the title compound as a straw-

coloured liquid, 1.24 g (33%): 1H NMR (CDCl3) 5 0.95 (m,

12H), 1.34 (t, 2H), 1.97 (m, 1H), 2.37 (m, 3H), 2.98 (m,

15 2H), 4.10 (t, 1H) 4.46 (m, 2H), 7.13-7.39 (m, 5H).

EXAMPLE 41

N,N—Diisopropy1—3-(2-hydroxypheny1)-3-(2-thienyl)-

propanamine fumarate

20 To a suspension of lithium aluminium hydride (LAH)

(0.51 g 13.3 mmol) in THF (30 mL), N,N—diisopropy1—3-(2-

hydroxyphenyl)-3-(2-thienyl)propanamide (2.0 g, 5.33 mmol)

was added and warmed to 50°C overnight. The reaction

mixture was quenched and the solvent was evaporated. The

25 residue was dissolved in diethyl ether and extracted twice«

with 2 M HCl, and the combined aqueous phases were washed

twice with diethyl ether. The aqueous phase was made

alkaline (11 M NaOH) and extracted three times with diethyl

ether, the combined organic phases were washed once with

30 brine, dried (MgSO4) and the solvent evaporated. The pure

amine was crystallised from methanol as its fumarate,

yielding the title compound as white crystals, 1.52 g

(58%): mp 203—205°C; 1H NMR (DMSO) 8 1.00 (d, 12H), 2.02 (q,

2H), 2.33 (m, 2H), 3.18 (m 2H), 4,62 (t, 1H), 6.50 (S, 1H),

35 6.68-7.18 (m, 6H), 7.28 (t, 1H).
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The starting compound N,N-diisopropyl-3—(2—

hydroxyphenyl)-3-(2-thienyl)propanamide was prepared as

follows:

41.1 N,N-Diisopropy1-3-(2-thieny1)propenamide

14.0 mmol), N,N-

diisopropylacrylamide (1.55 g, 10.0 mmol),

0.15 mmol),

tolylphosphine (183 mg, 0.6 mmol), tri—n-butyl amine (2.04

g, 11.0 mmol) and dry DMF (5 mL) were mixed under a N2-

atmosphere. The mixture was heated to 130°C for 9 hours.

Diethyl ether and H20 was added to the somewhat cooled

mixture. The aqueous phase was extracted twice with diethyl

ether. The combined organic phases were washed twice with 2

M HCl, and dried (MgSO4),

and the solvent was then evaporated. The crude product was

chromatographed on silica (petroleum ether—ethyl acetate

2—Bromothiophene (2.28 g,

palladium(II)acetate (34 mg, tri-o-

once with water, once with brine,

4:1), affording a yellow oil, 1.58 g (66%): 1H NMR (CDCl3) 8

1.35 (br, 12H), 3.9 (br, 1H), 4.1 (br 1H), 6.65 (d, 1H),

7.00-7.30 (m, 3H), 7.72 (d, 1H).

41.2 2-Methoxyphenyllithium

2—Methoxybromobenzene (8.44 g 45.1 mmol) was dissolved

in dry diethyl ether (15 mL). The mixture was cooled to

~78°C. n-BuLi (17.8 mL, 45.0 mmol) was added and the

mixture was stirred for one hour at —78°C and then for 20

min. at —10°C. The aryl lithium solution was used

immediately.

41.3 N,N-Diisopropyl-3-(2-methoxyphenyl)-3-(2-

thieny1)propanamide

Copper(I)bromide dimethyl sulfide complex (4.63 g 22.5

mmol) was dissolved in dimethyl sulfide (18 mL), and

diethyl ether (15 mL). The solution was cooled to 0°C,

whereafter 2—methoxyphenyllithium (41.2) (45 mmol) was

added. After 10 min., the temperature was lowered to -78°C.

Trimethylsilylchloride (4.89 g, 45.0 mmol) was added,

followed by N,N—diisopropyl—3—(2—thienyl)propenamide (41.1)
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(3.56 g, 15 mmol) in diethyl ether (20 mL). The temperature

was allowed to slowly rise to room temperature overnight.

The reaction was quenched with saturated NH4Cl (10 mL) and

conc. ammonia (10 mL). Diethyl ether (80 mL) was added and

the mixture was filtered through Celite. The aqueous phase

was extracted twice with diethyl ether. The combined

organic phases were washed once with brine and dried

(MgSO4). The solvent was evaporated and the crude product

was chromatographed on silica (petroleum ether—ethyl

acetate 3:1), affording a yellow oil, 3.75 g (73%): 1H NMR

(CDCI3) d 1.12 (t, éfi), 1.29 (t, 6H), 3.02 (m, 2H), 3.4

(br, 1H), 3.80 (s, 3H), 4.03 (m, 1H), 5.26 (t, 1H), 6.8-7.3

(m, 7H).

41.4 N,N-Diisopropyl-3-(2-hydroxypheny1)-3-(2-

thienyl)propanamide

A solution of N,N—diisopropyl~3—(2-methoxyphenyl)—3-

(2-thienyl)propanamide (2.37 g, 6.9 mmol) in

dichloromethane(35 mL) was cooled down to —78°C and boron

tribromide (5.9 g 23.57 mmol) was added. The reaction

mixture was allowed to slowly warm to room temperature. The

reaction was quenched by slow addition of water (20 mL).

The pH was adjusted to around 6 with NaHCO3(s) and the

mixture was extracted three times with CH2Cl2. The combined

organic phases were washed once with brine, dried (MgSO4)

and the solvent was evaporated. This crude product (2.46 g,

107%) was used without further purification. 1H NMR (CDCI3)

5 1.05 (d, 3H), 1.20 (m, 6H), 1.35 (d, 3H), 3.16 (m, 2H),

3.4 (br, lH)o 4.0 (m, 1H), 5.24 (dd. 1H), 6.7-7.2 (m, 7H).

Examples 42-54 and 57 and 58 were prepared with the

methodology described for Example 41, starting with the

appropriate acrylamides and aryl bromides.
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EXAMPLE) 42

N,N—Diisopropy1-3-(2.4-dihydroxyphenyl)-3-(2— '

th1eny1)propanamine

The crude product was crystallised from petroleum

5 ether/ethyl acetate affording the title compound, 0.41 g as

slightly pink crystals: mp 102-109°C; 1H NMR (CDC13) 8 1.11

(m, 12H), 2.01 (m, 1H), 2.41 (m, 2H), 2.72 (m, 1H), 3.26

(m, 2H), 4.66 (dd, 1H), 6.30 (dd, 1H), 6.45 (d, jH), 6.73

(d, 1H), 6.91-7.00 (m, 2H), 7.17 (dd, 1H).

10

EXAIELE 43

N,N-Diisopropy1amine-3-(2-methoxyphenyl)-3-(2-

thieny1)propanamine, fumarate

White crystals, 0.95 g: mp 1S3—155°C; 1H NMR (CD3OD) 5

15 1.28 (m, 12H), 2.48 (m, 2H), 3.05 (m, 2H), 3.68 (m, 2H),

3.85 (S. 3H), 4.71 (t, 1H), 6.68 (s, 2H), 6.89-7.03 (m,

4H), 7.20-7.30 (m, 3H).

EXAMPLE 44

20 N,N-Diisopropy1-3-(2.4-dimethoxyphenyl)-3-(2-

thieny1)propanamine fumarate

White crystals, 1.52 g: mp 103-109°C; 1H NM (CD3OD) 5

1.28 (m, 12H), 2.46 (m, 2H), 3.04 (m, 2H), 3.66 (m, 2H),

3.77 (s, 3H), 3.82 (s, 3H), 4.60 (t, 1H), 6.46-6.58 (m,

25 2H), 6.68 (S, 2H), 6.91-6.97 (m, 2H), 7.09- 7.26 (m, 2H).

EXAMPLE 4 5

N,N-Diisopropy1—3-(3-methoxyphenyl)-3-(2-

thieny1)propanamine hydrochloride

30 White crystals, 1.16 g: mp 95—97°C; 1H NMR (CD3OD) 5

1.28 (d, 12H), 2.49 (m, 2H), 2.96 (m, 1H), 3.13 (m, 1H),

3.68 (m, 2H), 3.77 (s,_3H), 4.31 (t, 1H), 6.83 (m, 1H),

6.68-7.02 (m, 4H), 7.27 (m, 2H).
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EXAMPLE 4 6

N,N-D11sopropy1-3-(4-methoxypheny1)—3-(2-thienyl)-

propanamine hydrochloride

White amorphous substance, 0.50 g: mp l57—160°C; 1H

5 NMR (CD3OD) 5 1.31 (m, 12H), 2.47 (m, 2H), 2.94 (m, 1H),

3.12 (m, 1H); 3.68 (br, 2H), 3.77 (s, 3H), 4.28 (t, 1H),

6.87-7.00 (m, 4H), 7.23-7.32 (m, 3H).

EXAMPLE 47

10 N-Isopropy1-N-methy1-3-(2-methoxypheny1)-3-(2-

thieny1)propanamine fumarate

White crystals, 1.32 g: mp l4l—143°C; 1H NM (CD3OD) 5

1.24 (m, 6H), 2.50 (m, 2H), 2.73 (S, 3H), 3.04 (m, 2H),
3.58 (m, 1H), 3.84 (s, 3H), 4.73 (t, 1H), 6.68 (s, 2H),

15 6.96 (m, 4H), 7.24 (m, 3H).

EXAMPLE 4 8

N,N—Diisopropy1—3-pheny1-3-(2-thieny1)propanamine,

hydrochloride

20 White crystals, 0.74 g: mp 165—166°C; 1H NMR (CD3OD) 5

1.28 (d, 12H), 2.52 (m, 2H), 2.96 (m, 1H), 3.13 (m, 1H),

3.70 (br, 2H), 4.34 (t, 2H), 6.92-7.04 (m, 2H), 7.20-7.42

(m, 6H).

25 EXAMPLE 49

N-Cyclohexyl-N-methyl-3-phenyl-3-(2—thieny1)propanamine

hydrochloride

White crystals, 1.1 g: mp 197—199°c; 1H NMR (CD3OD) 8

1.15-1.52 (br, 5H), 1.68 (br, 1H), 1.90 (br, 4H), 2.51 (br,

30 2H), 2.78 (s, 3H), 2.91-3.40 (m, 3H), 4.31 (t, 1H), 6.92-

7.04 (m, 2H), 7.20-7.40 (m, 6H).

EXAMPLE 50

N,N—Diethy1-3-pheny1-3-(2-thieny1)propanamine fumarate

35 White crystals. 1.7 g (tot. 49 %)z mp 135—137°C; 1H

NMR (CD3OD) 5 1.22 (t, 3H), 2.50 (m, 2H), 2.90-3.26 (m, 6H),
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4.30 (t, 1H), 6.68 (s, 2H), 6.92-7.03 (m, 2H), 7.20-7.40

(m, 6H).

EXAMPLE 51

5 N-Isopropyl-N—methy1-3-pheny1-3-(2-thieny1)propanamine

hydrochloride

White crystals, 1.6 g: mp 139-144°C; 1H NM (CD3OD) 8

1.24 (m, 6H), 2.52 (m, 2H), 2.75 (s, 3H), 3.03 (m, 2H),

3.59 (m, 1H), 4.32 (t, 1H), 6.92-7.04 (m, 2H), 7.20-7.40

10 (m, 6}-I).

EXAMPLE 52

N-[3-Pheny1-3-(2—thieny1)propy1]pyrrolidine fumarate

Crystallisation from 2—propanol, 1.1 g: mp 144-145°C;

15 1H NMR (CD30D) 8 2.02 (m, 4H) 2.31 (m, 2H), 2.97-3.42 (m,

6H), 4.29 (t, 1H), 6.69 (s, 2H), 6.91-7.01 (In, 2H), 7.18-

7.38 (m, 6H).'

EXAMPLE 5 3

20 N-[3-Pheny1-3-(2-thieny1)propy1]piperidine hydrochloride

- The hydrochloride was crystallised from

ethylmethylketone, 0.84 g: mp 193-194°C; 1H NMR (CD3OD) 5

1.40-2.00 (b, 6H), 2.54 (m, 2H), 2.82-3.80 (m, 6H), 4.29

(t, 1H), 6.91-7.03 (m, 2H), 7.20-7.42 (m, 6H).

25

EXAMPLE 54

N,N-Diisopropy1-3-(2-hydroxy-5-methylphenyl)—3-(2-

thieny1)propanamine hydrochloride

White crystals, 2.1 g: mp 205—210°C; 1H NMR (CDCl3) 8

30 1.36 (m, 12H), 2.18 (s, 3H), 2.63 (m, 2H), 2.95 (m, 2H),

3.54 (m, 4H), 4.61 (t, 1H), 6.76-7.01 (m, 5H), 7.16 (d,

1H).
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EXAMPLE 5 5

(R*) N,N-Diisopropy1-3-(2-hydroxy-5-methylphenyl)-3-(2-

thieny1)propanamine ‘

To the racemic free base of N,N—diisopropyl-3—(2—

hydroxy—5—methylphenyl)-2-thienylpropanamine (20 g, 0.06

mol), prepared in Example 54, in abs. ethanol (50 g) was

added L—(+)-tartaric acid (9.5 g 0.063 mol) in ethanol (60

g). The salt formed was filtered off and crystallised twice

from ethanol/methanol 10/1, 10 mL per gram of crystals,

affording the title compound as white crystals, (6.8 g,

14.1 mmol): mp 2l4—2l5°C; [a]Hg=+17.3° (c=3.82 in

methanol).

EXAMPLE 56

(S*) N,N—Diisopropy1-3-(2-hydroxy-5-methylphenyl)-3-(2-

thieny1)propanamine

From the mother liquid from the first crystallisation

to obtain (R*) N,N—diisopropyl-3-(2-hydroxy-5-

methylphenyl)-3-(2—thienyl)propanamine in Example 55, the

free base was recovered. The amine was treated with a 5%

excess of D—(—)-tartaric acid in ethanol as above, yielding

6.1 g (12.7 mmol): mp

[a]Hg=-17.5° (c=3.8S in methanol).

the title compound as white crystals,

214°C;

EXAMPLE 57

N,N-Diisopropyl-3—phanyl—3-(3—thieny1)propanamine

hydrochloride

White crystals, 0.94 g: mp 141-142 °C; 1H NM (CDCl3) 8

1.42 (m, 12H), 2.87 (m, 4H), 3.56 (br, 2H), 3.98 (t, 1H),

6.94 (dd, 1H), 7.27 (m, 7H), 11.4 (br, lH).

The starting compound was prepared as follows:

57.1 N,N-Diisopropy1-3-(3-thieny1)propenamide

Sodium hydride, 60% in mineral oil (3.9 g, 98 mmol),

was washed several times with petroleum ether and dried

under a stream of nitrogen. Sodium-dried THF was added
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followed by diethyl N,N-diisopropyl acetamidephosphonate

(27.4 g, 98 mmol). when the evolution of gas had ceased,

thiophene-3-aldehyde (10.0 g, 89.2 mmol) in THF(50 mL) was

added at such a rate that the temperature never exceeded

45°C. After one hour of stirring at ambient temperature,

the reaction was quenched with 4 mL of water and stirred

for another hour. The solvent was evaporated and the

residue was taken up in diethyl ether/2M NaOH. The organic

phase was washed once with water and once with brine, dried

(Na2SO4) and evaporated. The crude was chromatographed on

silica (petroleum ether—ethyl acetate 4:1) affording the

title compound as a 1ight—brown oil, 14.8 g (70%):’H NMR

(CDCl3) 5 1.37 (b, 12H), 3.86 (br, 1H), 4.10 (br, 1H), 6.68

(d, 1H), 7.27-7.41 (m, 3H), 7.59 (d, lH).

EXAMPLE 5 8

N,N-Diisopropy1-3-(2-furanyl)-3-phenylpropanamine

hydrochloride

White crystals, 60 mg: mp 139-141 °C; 1H NMR (CDCl3) 8

1.41 (br, 12H), 2.64 (m, 11-1), 2.85 (m, 3H), 3.55 (m, 2H),

3.98 (t, 1H), 6.16 (d, 1H), 6.31 (dd, 11;), 7.30 (m, 6H),

11.4 (br, 1m.

The starting compound was prepared as follows:

58.1 N,N—Diisopropy1-3-(2-furany1)propenamide

The title compound was obtained from furfural with the

procedure described in Example 57.1, as a colourless oil,

11.2 g (75%): 1H NMR (CDCl3) 5 1.32 (d, 12H), 4.0 (br, 2H),

6.41 (m, 2H), 6.76 (d, 1H), 7.38 (m, 2H).

EXAMPLE 59

N,N-Diisopropyl-3-(N-methylpyrrol-2-yl)-3-phenyl-

propanamine fumarate

A solution of N,N—diisopropyl—3—(N-methyl-pyrr-2—yl)—

3—phenyl-propanamide (4.92 g, 15.7 mmol) in THF (75 mL),

was dropped into a stirred mixture of LAH (2.38 g, 62.8
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mmol). Stirring was continued at 50 °C overnight. Standard

work-up gave the amine as a yellow oil, which was isolated O

as the fumarate salt, 2.74 g (42 95): m.p. 134-6°C; In mm

(CD3OD) 8 1.27 (d, an), 1.29 (d, 5H), 2.24 (m, 1H), 2.48

5 (m, 1H), 2.97 (dt, 1H), 3.26 (dt, 1n), 3,32 (s, 3H), 3.69

(septet, 2H), 4.08 (t, 1H), 6.05 (t, 1H), 6.16 (m, 1H),

6.57 (dd, 1H), 6.71 (s, 2H) and 7.19-7.34 (m, 5H).«

The starting compound was prepared as follows:

10

59.1 N,N-Diisopropy1-3-(N-methylpyrrol-2-yl)-propenamide

The title compound was prepared from N—methyl-2-

pyrrolaldehyde and N,N—diisopropy1-dimethylphosphon

acetamide analogously to Example 4.2, giving 7.61 g (92%):

15 1H NM(CDCl3) 5 1.32 (d, 6H), 1.35 (d, 6H), 3.68 (s, 3H),

4.00 (m, 2H), 6.13 (t, 1H), 6.55-6.66 (3H) and 7,57 (d,

1H).

59.2 N,N-Diisopropy1-3-(N-methylpyrrol-2—y1)-3-pheny1-

20 propanamide

The title compound was prepared from N,N-diisopropy1-

3-(N-methylpyrro1—2~yl)—propenamide by a method analogous

to that described in Example 41.3, giving 4.92 g (78 %):

NMR (CDC13) 8 0.85-1.32 (4d from rotamers, 12H), 2.91 (d,

25 2H), 3.31 (s, 3H) 3.45 (m, 1H), 3.88 (m, 1H),

6.07 (2H), 6.50 (dd, 1H) and 7.15-7.22 (SH).

1H

4.65 (t, 1H),

EXAMPLE 60

3—(N-Methylpyrrol-2-yl)-3-pheny1-1-pyrrolidinopropane

30 fumarate

The title compound was prepared analogously to Example

59, using N,N—tetramethylene—dimethylphosphon acetamide,

yield 950 mg (35 % tot.): m.p. 194—5°c,~ ‘H mm (CD3OD) 5

1.27 (d, 12H), 2.2-2.6 (m, 2H) 3.05 (m, 2H), 3.66 (sept.,

35 2H), 4.03 (t, 1H), 6.02 (two d, 2H), 6.64 (t, 1H), 6.69 (s,

2H) and 7.28 (m, SH).
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BIOLOGICAL EVRLUBTION

The pharmacological activity of compounds prepared in

the Examples was tested using in vitro methods.

Functional in vitro studies

Male guinea pigs, weighing about 300 g, were killed by

a blow on the neck and exsanguinated. Smooth muscle strips

of the urinary bladder were dissected in a Krebs—Hense1eit

solution (pH 7.4). The strip preparations were vertically

mounted between two hooks in thermostatically controlled

(37°C) organ baths (5 ml). One of the hooks was adjustable

and connected to a force transducer (FT 03, Grass

Instruments). The Krebs-Henseleit solution was continuously

bubbled with carbogen gas (93.5% O2/6.5% CO2) to maintain

the pH at 7.4. Isometric tension was recorded by a Grass

Polygraph (Model 79D). A resting tension of approximately 5

mN was initially applied on each muscle strip and the

preparations were allowed to stabilise for at least 45 min.

The resting tension was repeatedly adjusted and the

preparations were washed several times during the

stabilisation period.

Carbachol (carbamylcholine chloride) was used as the

standard muscarinic receptor agonist. In each experiment,

the viability of the preparations and the reproducibility

of their contractile responses were initially tested by two

consecutive additions of a submaximal concentration (3 x

10‘5 M) of carbachol. A concentration—response curve to

carbachol was then generated by cumulative addition of

carbachol to the organ—bath (i.e., stepwise increase of the

agonist concentration until the maximal contractile

response was reached), followed by washing out and a

resting period of at least 15 min. before a fix

concentration of the test compound (antagonist) was added

to the organ—bath. After 60 min. of incubation with the

antagonist, a second cumulative concentration—response

curve to carbachol was generated. Responses were expressed

as per cent of the maximal response to carbachol. EC50-

values for carbachol in the absence (control) and presence

of antagonist were graphically derived and dose ratios (r)
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were calculated. Dissociation constants, KB, for the

antagonists were calculated using equation (1) (schild,

H.I., Br. J. Pharmacol. Chemother. 1949, 4, 277-280), where

[A] is the concentration of test compound:

KB = [A]/r—1 (1)

The KB values obtained are presented in Table 1 below.

Table 1

H Example KB—value Example KB—value Example KB-value
No. nM No. nM No. nM

499 23 45 S1

46
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CLAIMS

1. A compound of Formula (I):

R3 2

R R1

R6

R5 CH-CH ‘CH*‘N/ I
/ 2 2 \R7

Ar

wherein:

R1 is hydrogen, hydroxy, alkyl, alkoxy, hydroxyalkyl,

trifluoromethyl, amino, alkylcarbonylamino, I

alkylcarbonyloxy, halogen,

R2 and R3 independently are hydrogen, hydroxy, alkyl,

alkoxy, hydroxyalkyl, halogen, alkoxycarbonylalkyl,

carbamoyl, sulphamoyl,

R4 is w-hydroxyalkoxy, w~aminoalkoxy, w-

aminoalkylamino, alkoxyalkyl, hydroxyalkoxyalkylaminoalkyl,

alkoxycarbonylalkyl, dihydroxyalkyl, alkylcarbonyl,

alkoxycarbonyl, alkylcarbonylaminoalkyl, aminoalkyl,

alkylaminoalkyl, dialkylaminoalkyl, carboxyalkyl,

carbamoylalkyl,

formyl,

carboxamidoalkyl, carboxyl, amino, nitro,

cyano, nitrilo, cyanoalkyl, azido, alkyl having at least

two carbon atoms, alkoxy having at least two carbon atoms,

hydroxyalkyl having at least two carbon atoms,

R5 is hydrogen, halogen, alkyl,

Ar is aryl or heteroaryl which may be mono- or

independently disubstituted by alkyl, alkoxy, hydroxy,

hydroxyalkyl, halogen, alkoxycarbonylalkyl,

sulphamoyl, and

carbamoyl,

R5 and R7 are hydrocarbyl groups which may be the

same or different, together containing at least three

carbon atoms, and which may carry one or more hydroxy

groups, and wherein carbon atoms may be interconnected by

oxygen atoms, and wherein R5 and R7 may form a ring

together with the amine nitrogen;

HEGTIFIED SHEET (RULE91-)'
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with the provisos that (a) when:

(i) at least two of R2, R3 and R5 are other than hydrogen,
or

(ii) R1 is other than hydroxy or methoxy, and Ar is other

than phenyl that is ortho—substituted by hydroxy or

methoxy, or

(iii) Ar is heteroaryl, or

(iv) at least one of R5 and R7 is aromatic hydrocarbyl or

cycloalkyl, then

R4 may also be hydrogen, methyl, methoxy,

hydroxymethyl, hydroxy, halogen, carbamoyl, sulphamoyl;

and (b), when Ar is unsubstituted phenyl, then R1,

R2, R3, R4 and R5 can not all be hydrogen;

their salts with physiologically acceptable acids and,

when the compounds can be in the form of optical isomers,

the racemic mixture and the individual enantiomers.

2. The compound according to claim 1, wherein R4 is w-

hydroxyalkoxy, m—aminoa1koxy, m—aminoalky1amino,

alkoxyalkyl, hydroxyalkoxyalkylaminoalkyl, dihydroxyalkyl,

formyl, alkylcarbonyl, alkoxycarbonyl, alkoxycarbonylalkyl,

alkylcarbonylaminoalkyl, aminoalkyl, alkylaminoalkyl,

dialkylaminoalkyl,

carboxamidoalkyl, carboxyl, amino, nitro, cyano, nitrilo,

carboxyalkyl, carbamoylalkyl,

cyanoalkyl, or azido.

3. The compound according to claim 2, wherein R1 is

hydrogen or methyl, R2, R3 and R5 are either all hydrogen

or one of R2, R3 and R5 is methyl, methoxy, hydroxy,

carbamoyl, and the others aresulphamoyl or halogen,

hydrogen, and Ar is phenyl or phenyl which is mono- or

independently disubstituted by methyl, methoxy, hydroxy,

hydroxymethyl, carbamoyl, sulphamoyl or halogen.

4. The compound according to claim 1, wherein Ar is

heteroaryl.
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5. The compound according to claim 4, wherein R1 is

hydrogen or methyl, and R2, R3, R4 and R5 are either all

hydrogen or one of R2, R3, R4 and R5 is methyl, methoxy,

hydroxy, hydroxymethyl, carbamoyl, sulphamoyl or halogen,

and the others are hydrogen.

6. The compound according to claim 1, wherein R1 is

hydrogen, alkyl, hydroxyalkyl, trifluoromethyl, amino,

alkylcarbonylamino, alkylcarbonyloxy, and Ar is

other than phenyl that is ortho-substituted by hydroxy or

alkoxy.

or halogen,

7. The compound according to claim 6, wherein R1 is

hydrogen or methyl, R2, R3, R4 and R5 are either all

hydrogen or one of R2, R3, R4 and R5 is methyl, methoxy,

hydroxy, carbamoyl, sulphamoyl or halogen, and the others

are hydrogen, and Ar is phenyl or phenyl which is mono— or

independently disubstituted by methyl, methoxy, hydroxy,

hydroxymethyl, carbamoyl, sulphamoyl or halogen.

8. The compound according to claim 1, wherein at least

one of R5 and R7 is aromatic hydrocarbyl, cycloalkyl or a

hydrocarbyl chain wherein carbon atoms are interconnected

by an oxygen atom in at least one position.

9. The compound according to claim 8, wherein R1 is

hydrogen or methyl, R2, R3, R4 and R5 are either all
hydrogen or one of R2, R3, R4 and R5 is methyl, methoxy,

hydroxy, carbamoyl, sulphamoyl or halogen, and the others

are hydrogen, and Ar is phenyl or phenyl which is mono— or

independently disubstituted by methyl, methoxy, hydroxy,

hydroxymethyl, carbamoyl, sulphamoyl or halogen.

10. The compound according to any one of claims 1 to 9,

wherein R1 is hydroxy, halogen, trifluoromethyl, amino,

methoxy or hydroxymethyl.
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11. The compound according to any one of claims 1 to 10,

wherein R2 and R3 independently are hydrogen, hydroxy or
hydroxymethyl.

12. The compound according to any one of claims 1 to 10,

wherein R4 is hydrogen, formyl, alkoxycarbonyl,

alkylcarbonyl, hydroxyalkyl, alkoxyalkyl,

carbamoylalkyl, aminoalkyl, amino,

carboxamidoalkyl,

azido, cyanoalkyl,

carboxy or carboxyalkyl.

13. The compound according to claim 12, wherein R4 is

hydrogen, formyl, hydroxymethyl, hydroxyethyl,

hydroxypropyl, hydroxybutyl, hydroxypentyl, hydroxyhexyl,

ethoxymethyl, methoxycarbonyl, amino, aminopropyl, acetyl,

1,2—hydroxyethyl, ethylaminomethyl, or hydroxyethoxyethyl-

aminoethyl.

14. The compound according to any one of claims 1 to 13,

wherein R5 is hydrogen.

15. The compound according to any one of claims 1 to 14,

wherein each of R5 and R7 independently signify a saturated

hydrocarbyl group, especially a saturated aliphatic

hydrocarbyl group such as C1_8alkyl, especially C1_5alkyl,

or adamantyl, R5 and R7 together containing at least three,

preferably at least four carbon atoms.

16. The compound according to any one of claims 1 to 14,

wherein R5 and R7 taken together form a ring with the amine

nitrogen.

17. The compound according to any one of claims 1 to 16,

wherein at least one of R5 and R7 comprises a branched

carbon chain.

18. The compound according to any one of claims 1 to 17,

wherein Ar is thienyl, pyrryl, thiazolyl, oxazolyl,

methylthiazolyl or methylpyrryl.
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19. The compound according to claim 1, which is:

N,N-diisopropyl-3-(2-fluorophenyl)—3—phenylpropanamine

hydrochloride,

N,N—diisopropyl-3-(5-formy1—2—hydroxy—pheny1)-3-

phenylpropanamine, or its (R)-isomer,

N,N—diisopropy1—3—(2—hydroxy—5—methy1oxycarbony1—

phenyl)-3-phenylpropanamine, or its (R)-isomer,

N,N-diisopropyl-3-(5-acetyl-2—hydroxyphenyl)-3-

phenylpropanamine, or its (R)-isomer,

N,N-diisopropyl-3-[2—hydroxy—5—(2-hydroxyethy1)—

phenyl]—3—pheny1propanamine, or its (R)-isomer,

N,N—diisopropy1~3-[2—hydroxy—5—(1-hydroxyethyl)—

phenyll—3—pheny1propanamine, or its 3(R)—isomer,

N,N—diisopropyl—3(R)—[5—(l(R*),2-dihydroxyethy1)—2-

hydroxyphenyl]-3—phenylpropanamine, or its 1(S*)—isomer,

N,N—diisopropyl—3—[2—hydroxy—5-(6—hydroxyhexyl)-

phenyl]-3—pheny1propanamine, or its (R)-isomer,

N,N—diisopropy1—3—(5—ethoxymethyl—2—hydroxyphenyl)~3-

phenylpropanamine, or its (R)-isomer,

N,N-diisopropyl—3—[S-(3-aminopropyl)-2-hydroxypheny1]—

3—pheny1propanamine, or its (R)-isomer,

N,N—diisopropyl-3-[5-(3—acetamidopropyl)-2-

hydroxyphenyl]-3-phenylpropanamine, or its (R)-isomer,

N,N-diisopropyl-3-[5-(2—cyanoethyl)—2—hydroxyphenyl]—

3—pheny1propanamine, or its (R)-isomer,

N,N—diisopropyl—3—(5-amino-2-hydroxyphenyl)-3-

phenylpropanamine, or its (R)-isomer,

N,N-diisopropyl—3—(5—azido-2—hydroxyphenyl)-3-

phenylpropanamine, or its (R)-isomer,

N,N—diisopropy1—3—[2—hydroxy—5—(3—hydroxypropyl)—

phenyl]—3—phenylpropanamine, or its (R)-isomer,

N-cyclobutyl-N-methy1—3—(2-hydroxyphenyl)-3-

phenylpropanamine,

N,N—diisopropyl-3-(2-hydroxyphenyl)—3—(2-

thienyl)propanamine, or

N,N-diisopropyl—3—(2—hydroxy—5-methylphenyl)-3-(2-

thienyl)propanamine, or its (R)-isomer.
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20. The compound according to any one of claims 1 to 19

for use as a pharmaceutically active substance, especially

as an anticholinergic agent.

21. A pharmaceutical composition comprising a compound

according to any one of claims 1 to 19, and preferably a

compatible pharmaceutical carrier.

10 22. Use of a compound according to any one of claims 1 to

19 for preparing an anticholinergic drug.

23. A method of treating a living body suffering from a

disorder related to urinary incontinence, which method

15 comprises the step of administering to said living body an

effective amount of a compound according to any one of

claims 1 to 19.

24. A method of preparing a compound according to any one

20 of claims 1 to 19, which comprises:

a) reacting a compound of Formula II

5 _ _ _

R fa CH2 CH2Y
Ar

wherein R1 to R5 and Ar are as defined in claim 1, and Y is

25 a leaving group, with an amine HNR5,R7, wherein R5 and R7

are as defined above, or

b) reducing a compound of Formula III

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1050



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1051

10

WO 98/43942 PCI‘/SE98/00556 .
78

R R1

R6
/ III

R5 H-CH -co-N
f 2 \R7

Ar

wherein R1 to R7 and Ar are as defined in claim 1 and any

hydroxy groups may be protected, or

c) N—a1ky1ating a secondary amine of Formula IV

R3 2

R R1

R5 IV
;2H‘CH2"CH§'NH—Z

«Ar

wherein R1 to R5 and Ar are as defined in claim 1 and any

hydroxy groups may be protected, and wherein Z has the same

meaning as R5 and R7, or

d) reducing a compound of Formula Va or Vb

R3 2

R R1

R5 c=cH- -N/R6
/ 2 CH2 \R7

Ar
Va
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R3 2

R R1 ~

/R6
5 _. _ _

R /(‘\“(,3I-I2 CH2 N\R7
Ar

Vb

wherein R1 to R7 and Ar are as defined in claim 1 and any

hydroxy groups may be protected, and W signifies a hydroxy

group or halogen, or

5

e) in a compound of Formula VI

R3 R2

1

R Ra 6

Pr/R VI5 _ _ _

R /CH CH2 CH2 \R7
Au

wherein R2 to R7 and Ar are as defined in claim 1, and Rla

10 is carboxyl or alkoxy, converting Rla to hydroxy, or

f) in a compound of Formula VII

3 2

R4 R1

VH/R6
R5 CI-I-CH -CH —

b 2 R7/ ZN‘
Ar

wherein R1, R5, R7 and Ar are as defined in claim 1, and

15 one of R2b to R5b is alkylene and the others are as defined

in claim 1 for R2 to R5, reducing alkylene to alkyl,

hydroxyalkyl or dihydroxyalkyl, or
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g) in a compound of Formula I as defined in claim 1,

converting one or more of groups R1 to R5 to another or

other groups R1 to R5, or

h) reacting a compound of Formula VIII

R3 R2

R R1

R6

R5 H-CH2-CH2-N/\R7 vm
¢X

b\CH
\ 2
CH 3

wherein R1 to R7 are as defined in claim 1, and X is oxygen

or sulphur, with a compound of Formula IX

CH3N=C: IX

to form a compound of Formula Ia

R3 R2

R R1

/R6
5 _ _. _ I

R CH2 CH2 N\R7 3
X

X2.-N

wherein R1 to R7 and X are as defined above, or

i) reacting a compound of Formula VIII above, wherein X

is oxygen, with a compound of Formula X

on

(EC X
NH2
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to form a compound of Formula Ib

R3 R2

R R1

R6

R5 fi:H—cH2—cH2—N/\ 7 1"
o’C‘N R

5 wherein R1 to R7 are as defined in claim 1, or

j) converting a compound of Formula XI

R R2

R1

9 /R“

3

R5 H-CH —c—N XI
2 \\R7

0

\= N

10 wherein R1 to R7 are as defined in claim 1, to a compound

of Formula XII

R3 R2

6**‘Q
R5 -$2-CH2—N:1;7 X“

N

wherein R1 to R7 are as defined in claim 1, or

R1
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k) converting a compound of Formula XIII

R3 R2

R R1

N/R6R5 cH—cH —cH— X111

/C\
HZN X

‘ I

wherein R1 to R7 are as defined in claim 1, and X is oxygen~
or sulphur, to a compound of Formula XIV

5

R3 R2

R R1

R6 XIV
R5 /CK}!-CH2-CH2-N/\R7

x N

R8 R9

wherein R1 to R7 and X are as defined above, and R8 and R9

independently are hydrogen or alkyl, and

i) when necessary splitting off hydroxy protecting groups

10 in the compounds obtained,

ii) if desired converting the obtained bases of Formula I.

into salts thereof with physiologically acceptable acids,

or vice versa, and/or

iii) if desired separating an obtained mixture of optical

15 isomers into the individual enantiomers. 1
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. GB 1169944 A (ED. GEISTLICH S6HNE AG FUR CHEMISCHE

INDUSTRIE), 5 November 1969 (05.11.69), page 1,
line 10 - line 12, the claims

GB 1169945 A (ED GEISTLICH SGHNE AG FUR CHEMISCHE

INDUSTRIE), 5 November 1969 (05.11.69), page 1,
line 10 - line 11, the

2

INTERNATIONAL SEARCH REPORT
International application No. ,

PCT/SE 98/00556

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document. with indication, where appropriate, of the relevant passages Relevant to claim No.

Form PCT/lSA/210 (continuation of second sheet) (July 1992)
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INTERNATIONAL SEARCH REPORT international application No. '5

PCT/SE 98/00556

Box I Observations where certain claims were found unsearchable (Continuation ofitem 1 of first sheet)

This international search report has not been established in respect ofcerta in claims underA.rticle 17(2)(a) for the following reas ons:

1. Claims Nos; 23
because they relate to subject matter not required to be searched by this Authority, namely:

See PCT Rule 39.1(iv): Methods for treatment of the human or animal body

by surgery or therapy, as well as diagnostic rrethods.

2. [3 Claims Nos;
because they relate to pars of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically: 

3. Claims Nos;

because they are dependent claims and are not drafted in accordance with the second and third sentences ofRule 6.4(a).

Box ii Observations where unity ofinvention is lacking (Continuation of item 2 of first sheet)

This lntemational Searching Authority found multiple inventions in this international application, as follows:

1. B As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable claims.

2. Asallsearchable claims couldbesearchedwithouteffortjustifyingan additional fee,thisAuthoritydidnotinvitepaymem
ofany additional fee.

3. B As only some of the required additional search fees were timely paid by the applicant. this international search report
covers only those claims for which fees were paid, specifically claims l\'os.: |

4. B No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos;

Remark on Protat The additional search fees were accompanied by the applicant's protest.
B No protest accompanied the payment ofadditional search fees.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1992)
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 I WELTORGANISATION FUR GEISTIGES EIGENTUMlntematxonalcs Biiro

INTERNATIONALE ANMELDUNG VEROFFENTLICHT NACH DEM VERTRAG ER DIE
INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES PATENTWESENS (PCT)

(51) Intemflmflale P8teI1tk13SSi5kfl“011 6 3 (ll) Internationale Veriiffentlichungsnummer: WO 98/56359

A61K 9,22 (43) Internationales
Veriiffentlichungsdatum: l7. Dezember 1998 (l7.l2.98)

(21) Internationalés Aktenzeichen: PC’l‘lDE98/01659 (81) Bestimmungsstaaten: AL, AU, BA, BB, BG, BR, CA. CN,
CU, CZ, EE, GE, GW, HU, ID, IL, IS, JP, KP, KR, LC, LK,

(22) Internationales Anmeldedatum: 12. Juni 1998 (l2.06.98) LR. LT. LV. MG. MK. MN. MX. NO. NZ. PL, RO, S0, SI,
SK, SL, TR, TI‘, UA, US, UZ, VN. YU, ARIPO Patent (GH,
GM, KE, LS, MW, SD, SZ, UG, ZW), eurasisches Patent

(30) pg-iorifiitsdatgn; (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), europaisches
197 25 911.1 13. Juni 1997 (13.06.97) DE Patent (AT, BE CH, CY, DE, DK, ES, FI, FR, GB, GR,
60/068,977 30. Dezember 1997 (30.12.97) US IE, IT, LU, MC, NL, PT, SE), OAPI Patent (BF, BJ, CF,

- CG, CI, CHVI, GA, GN, ML, MR, NE, SN, TD, TG).

(71)(72) Anmelder und Erfinder: BODMEIER, Roland '[DF/DE];
Ravenwcg 18, D-14163 Berlin (DE). McGlNITY, James, Veriiffentlicht
W. [US/US]; 4209 Dunning Lane, Austin, TX 78746 (US). Ohne intemationalen Recherchenbericht und erneut zu

verofientlichen nach Erhalt des Berichts.
(74) Anwalt: SCI-IUBERT, Klemens; lm Schonower Park 1E,

D-14167 Berlin (DE).

(54) Title: COMPOUNDS WHICH DELAY THE RELEASE OF ACTIVE SUBSTANCES

(54) Bezeichnung: ZUSAMMENSETZUNGEN, DIE DIE WIRKSTOFFFREISETZUNG VERZOGERN

(57) Abstract

The invention relates to compounds which delay the release of active substances. The invention also relates to a method for the
production thereof. The compounds are produced, for instance, by wet or spray granulation, spray drying or extrusion of a conventional
filling material (e.g. microcrystalline cellulose or lactose) and a carrier material (hydroxypropylmethyl cellulose or polyethylene oxide).
The inventive composition can be processed together with the active substance and other auxiliary agents into a solid medicament form,
e.g. a tablet, which releases the active substance in a delayed manner.

(57) Zusammenfassung

Es werden Zusammensetzungen, welche die Wirkstofffreisetzung verzogem, sowie Veifahnen zu ihrer l-lerstellung beschrieben. Die
Zusammensetzungen werden z.B. durch Feucht- oder Sprllhgranulierung, Sprllhtrocknung oder Extrusion aus einem llblichen Fnllstoff (z.B.
milcrokristalline Cellulose oder Lactose) und einem Triigermaterial (z.B. Hydroxypropylmethylcellulose oder Polyethylenoxid) hergestellt.
Diese erfindungsgemafle Zusammensetzung kann zusammen mit dem Wirkstoff und anderen Hilfsstoffen in eine feste Axzneiform, z.B. eine
Tablette, verazbeitet werden, die den Wirkstoff vexzogert freigibt.
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Codes zur Identifizierung von PCI‘-Vertragsstaaten auf den Kopfbbgen der Schriften, die intemationale Anmeldungen gemfiss dem
PCI‘ verfiffentlichen.
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Zusammensetzungen,

die die Wirkstofffreisetzung verzégern

Die Erfindung betrifft Zusammensetzungen, die die Wirk—

stofffreisetzung verzogern.

Zur Tablettenherstellung werden verschiedene Hilfsstoffe

wie Ffillstoffe, Zerfallsmittel, Bindemittel, Schmiermit—

tel usw. eingesetzt. Aufgrund der wenigeren Herstellungs—

schritte und geringeren Wirkstoffbelastung ist die Di-

rekttablettierung der NaB— oder Trockengranulierung vor-

zuziehen. Fur die Direkttablettierung sind jedoch Hilfs—

stoffe mit besonderen Eigenschaften notwendig. Die ver-

wendeten Hilfsstoffe sollen zahlreiche, 2. T. gegenléufi—

ge Anforderungen, wie gute Flieflféhigkeit, gute Kompri—

mierbarkeit bei geringem Druck, hohe Harte und Abriebsfe—

stigkeit und gute Zerfallsneigung nach der Einnahme er-

ffillen. Die Verwendung Von Fullstoffen wie mikrokri-

stalliner Cellulose (MCC), Cellulose, Dicalciumphosphat,

Lactose u.a. ist fur die Tablettenherstellung weithin ub-

lich. Die gewfinschten Anforderungen werden Von den han-

delsublichen Fullstoffen nur mehr oder weniger gut er-

ffillt. Weitere Hilfsstoffe wie Gleitmittel, Bindemittel,

Sprengmittel u.a. werden deshalb bei der Tablettenher—

stellung hinzugeffigt.

Es ist daher wfinschenswert, "bessere" Hilfsstoffe, die

moglichst viele wfinschenswerte Tablettiereigenschaften in

sich vereinigen, zu entwickeln. In der Patentliteratur

und der wissenschaftlichen Literatur sind einige Di-

rekttablettiermittel, bestehend aus Mischungen verschie-

dener Hilfsstoffe, beschrieben. Dabei wird meist ein

Fullstoff mit einem weiteren Hilfsstoff kombiniert und

durch entsprechende Verfahren, z.B. Sprfihtrocknung oder

Spruhgranulierung, in einem bestimmten Verhéltnis in Gra-
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nulat— oder Pulverkornchen fixiert. Dazu zéhlen z.B. be-

reits vermarktete Gemische aus MCC mit Lactose oder MCC

mit Siliciumdioxid oder MCC mit Natriumcarboxymethylcel—

lulose, die den oben genannten idealen Eigenschaften na-

hekommen und Vorteile gegenuber den Einzelkomponenten

oder Gemischen der Einzelkomponenten besitzen.

Diese Zusammensetzungen werden meist in rasch zerfallen—

den festen Arzneiformen eingesetzt und haben selbst kei-

nen retardierenden Effekt auf die Wirkstofffreisetzung.

Die Herstellung fester Arzneiformen mit verzogerter Wirk—

stofffreigabe kann durch verschiedene Mafinahmen erreicht

werden. Dazu zahlen vor allem das Uberziehen der Arznei-

form mit einer Diffusionsbarriere, meist einem Polymer

und die Herstellung von Matrix—Systemen (z.B. Tabletten)

auf der Basis wasserunloslicher oder wasserloslicher Tra-

germaterialien (Hilfsstoffe, welche die Wirkstofffreiset-

zung retardieren). Bei den letztgenannten Systemen werden

der Wirkstoff und die Hilfsstoffe mit dem Trégermaterial

gemischt und in eine feste Arzneiform, meist Tabletten,

Verarbeitet. Das Trégermaterial ist fur die Verzogerung

der Wirkstofffreisetzung verantwortlich. Als wasserlosli—

che Tréqermaterialen werden unter anderem Cellulosederi-

vate wie Hydroxypropylmethylcellulose (HPMC), Hydroxypro-

pylcellulose (HPC) oder Poiyethylenoxide eingesetzt. Die-

se Polymere quellen in Kontakt mit wéfirigen Medien. Der

Arzneistoff wird z.B. aus Tabletten entweder durch Erosi-

on der Gelschicht und/oder durch Diffusion durch die Gel-

schicht verzogert freigesetzt.

Den Tragermaterialien fehlen meist die oben beschriebenen

idealen Tablettiereigenschaften, wie z.B. gute FlieBei—

genschaften oder Komprimierbarkeit. Die Tabletten werden

daher meist fiber Granulierverfahren und unter Zusatz Von

Hilfsstoffen hergestellt.
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Aufgabe der Erfindung ist es daher, Kombinationen des

Trégermaferials mit geeigneten Hilfsstoffen zu entwik—

keln, welche die genannten Anforderungen weitgehend er-

fullen und eine Direkttablettierung mit dem Wirkstoff er-

lauben.

Die Aufgabe wird dadurch gelbst, dafi eine Zusammensetzung

zur Verffigung gestellt wird, welche aus einer innigen Mi-

schung eines Hilfsstoffes und einem Tragermaterial be-

steht und die Wirkstofffreisetzung aus Zubereitungen re-

tardiert.

Wéhrend die bekannten Hilfsstoff—Kombinationen die Wirk-

stofffreisetzung nicht oder nur unerheblich retardieren,

sind die erfindungsgeméfien neuen Hilfsstoff—Trager—

material-Kombinationen Zusammensetzungen, welche die

Wirkstofffreisetzung verzégern.

Erfindungsgemafl ist vorgesehen, daB das Trégermaterial

retardierende Eigenschaften aufweist.

Erfindungsgeméfi bevorzugt ist es, daB das Tragermaterial

ein hydrophiles Polymer, ein Cellulosederivat, Hydroxy—

propylmethylcellulose, Hydroxypropylcellulose, Polyethy-

lenoxid und/oder ein Vinylderivat (z.B. Polyvinylpyrroli-

don, Polyvinylalkohol, Polyvinylacetate oder Copolymere)

ist.

Erfindungsgeméfi bevorzugt ist es, daB der Hilfsstoff ein

Fullstoff ist. Besonders bevorzugt ist es dabei, dafl der

Hilfsstoff Cellulose oder mikrokristalline Cellulose, ein

Zucker oder Zuckeralkohol, wie Sorbit oder Mannit, Lacto-

se und/pder ein Calciumsalz ist.
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Bevorzugt ist es ferner, dafi weitere Hilfsstoffe vor der

Herstellung der Zusammensetzung zugegeben werden.

Erfindungsgemafl ist es ferner, daB die Zusammensetzung in

wesentlich frei Von Wirkstoffen ist und ein retardieren-

des hydrophiles oder hydrophobes Tragermaterial und einen

Hilfsstoff ausgewahlt aus der Gruppe bestehend aus Cellu-

losen, Kohlenhydraten, Calciumsalzen oder Polyolen ent-

halt, wobei das Tragermaterial und der Hilfsstoff in ei-

nem derartigen Verhaltnis vorliegen, dafl eine verzbgerte

Freisetzung eines Wirkstoffes erzielt wird, wenn man den

Wirkstoff mit der Zusammensetzung formuliert.

Insbesondere bevorzugt ist es dabei, daB das retardieren-

de Material aus der Gruppe bestehend aus Polyethylenoxid,

Hydroxypropylmethylcellulose, Hydroxymethylcellulose,

Acrylatpolymeren, Fetten, Wachsen, hydrierten Pflanzen-

Olen, Lipiden, Fettsauren, Fettalkoholen oder aus Kombi-

nationen Von zwei oder mehreren dieser Materialien ausge—

wahlt ist.

Weiterhin bevorzugt ist es, dafi das retardierende Materi-

al Polyethylenoxid umfaflt.

Bevorzugt sind ferner erfindungsgemafie Ausffihrungsformen,

wobei das retardierende Material etwa 10 bis 90 Gew.—%

der retardierenden Zusammensetzung umfafit, besonders be-

vorzugt etwa 15 bis 35 Gew.-% der retardierenden Zusam—

mensetzung umfaflt, insbesondere bevorzugt etwa 15 bis 85

Gew.—% der Zusammensetzung umfabt. Ganz besonders bevor-

zugt ist es, dab das Polyethylenoxid etwa 20 Gew.—% der

Zusammensetzung umfafit.

Weiterhin bevorzugt ist es, dafl der Hilfsstoff mikrokri-

stalline Cellulose ist. Besonders bevorzugt ist hierbei,

dafi die mikrokristalline Cellulose etwa 15 bis 95 Gew.-%
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der Zusammensetzung umfaBt, insbesondere etwa 65 bis 95

Gew.-% der Zusammensetzung umfaflt und ganz besonders be-

vorzugt etwa 70 Gew.—% der Zusammensetzung umfafit.

5 Bevorzugterweise sind erfindungsgeméfie Ausffihrungsformen,

wobei das Wachs hydriertes Pflanzenbl, Glycerin, Carnau-

bawachs, Bienenwachs, ein Acrylatpolymer oder eine Mi-

schung von zwei oder mehreren der genannten Stoffe ist.

Hierbei ist es ferner bevorzugt, dafl das Fett ein Mono-

10 glycerid, ein Diglycerid, ein Triglycerid oder eine Mi-

schung Von zwei oder mehreren der genannten Stoffe ist.

Bevorzugt ist aufierdem, dafl das Polyol Xylit, Mannit,

Sorbit oder eine Mischung aus zwei oder mehreren der ge-

nannten Stoffe ist. Ganz besonders bevorzugt ist es, dafi

15 das Wachs hydriertes Pflanzenél ist.

Bevorzugt sind erfindungsgemébe Zusammensetzungen, die

als Pulver oder Granulat vorliegen. Auch ist bevorzugt,

daB das Wachs Glycerin ist.

20

Erfindungsgeméfi bevorzugt ist es ferner, daB der Hilfs—

stoff mikrokristalline Cellulose ist und in einer Menge

Von etwa 50 Gew.-% in der Zusammensetzung vorliegt.

25 Bevorzugt ist auch, dafl das retardierende Material eine

wéfirige Polymerdispersion ist, insbesondere eine Cellulo-

sepolymer oder eine Acrylatpolymerdispersion ist.

Ein weitere Gegenstand der vorliegenden Erfindung ist ei-

30 ne Zubereitung, enthaltend eine erfindungsgeméfie Zusam—

mensetzung. Dabei ist bevorzugt, dab die Zubereitung wei-

terhin mindestens einen Wirkstoff enthélt.

Gegenstand der vorliegenden Erfindung ist auch eine Zube-

35 reitung, erhaltlich durch Verpressen einer erfindungsge-
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mafien Zusammensetzung mit mindestens einem Wirkstoff und

gegebenenfalls weiteren Hilfsstoffen.

Erfindungsgemafl ist die Freisetzung eines Wirkstoffes

durch das Verhaltnis von Wirkstoff zur erfindungsgemafien

Zusammensetzung kontrolliert und einstellbar.

Erfindungsgemafl ist es auch, dafi man die Freisetzung ei-

nes Wirkstoffes durch das Verhaltnis Von Hilfsstoff zu

Tragermaterial einer erfindungsgemafien Zusammensetzung

kontrolliert und einstellt. Erfindungsgemafi ist es fer-

ner, dab man die Freisetzung eines Wirkstoffes durch Mi-

schung zweier Zusammensetzungen gemafi Anspruch 1 mit Von-

einander unterschiedlichem Hilfsstoff—Tragermaterial—

Verhaltnis kontrolliert und einstellt.

Erfindungsgemafi ist es aufierdem, daB man die Freisetzung

eines Wirkstoffes durch Mischung zweier oder mehrerer Zu-

sammensetzungen gemafi Anspruch 1 mit jeweils unterschied—

lichen Tragermaterialien und/oder Hilfsstoffen kontrol—

liert und einstellt.

Ein weiterer Gegenstand der vorliegenden Erfindung ist

auch ein Verfahren zur Herstellung einer erfindungsgema—

Ben Zubereitung, wobei man das retardierende Tragermate-

rial mit dem Hilfsstoff bei einer Temperatur trocken ver-

mischt, bei welcher das retardierende Tragermaterial

schmilzt oder erweicht, wobei man eine erfindungsgemafie

Zusammensetzung erhalt, und dafl man der Zusammensetzung

einen pharmakologisch wirksamen Stoff hinzufugt und Ver-

mischt und man die so erhaltene Mischung einer Schmelzex-

trusion unterwirft, wobei der Hilfsstoff der Zusammenset-

zung bei der Temperatur der Schmelzextrusion nicht

schmilzt.
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Bevorzugt ist es dabei, daB der Hilfsstoff ein Calcium-

salz, ein Polyol oder ein Kohlenhydrat ist. Besonders be-

vorzugt ist es hierbei, dab man die Extrusion wasserfrei

ausfuhrt.

Die Herstellung der erfindungsgemafien Zusammensetzungen

erfolgt nach bekannten Methoden, z. B. durch Spruhgranu—

lierung, Feuchtgranulierung, Extrusion oder Spruh-

trocknung. Bei den erfindungsgemafien Zusammensetzungen

handelt es sich um eine innige Mischung der Hilfsstoffe

und Tragermaterialien. Die Komponenten sind also in die-

ser Mischung in einem bestimmten Verhaltnis fixiert und_

unterscheiden sich dadurch auch von einfachen physikali—

schen Mischungen der Einzelkomponenten. Es kann also

nicht zur Entmischung wahrend der weiteren Verarbeitung

kommen, wahrend physikalische Mischungen entmischbar

sind.

Zu den Tragermaterialien_zahlen hydrophile Hilfsstoffe

die in Kontakt mit wafirigen Medien, z.B. Korperflfissig—

keiten, die Wirkstofffreisetzung verzogern. Dazu gehoren

vor allem Polymere wie Cellulosederivate (2. B. Hydroxy-

propylmethylcellulose (HPMC), Hydroxypropylcellulose) Po-

lysaccharide, Acrylatderivate, Polyethylenoxide, Vinylde—

rivate (z.B. Polyvinylpyrrolidon, Polyvinylalkohol, Po-

lyvinylacetate) und Derivate (z.B. vernetzte Polymere)

oder Copolymere.

Die geeigneten Hilfsstoffe kommen in erster Linie aus der

Gruppe der Fullstoffe. Ffillstoffe wie mikrokristalline

Cellulose, Cellulose, Dicalciumphosphat oder Lactose sind

fur die Tablettenherstellung weithin ublich. Als Full-

stoffe konnen auch Zucker/Zuckeralkohole wie Saccharose,

Mannit oder Sorbit verwendet werden. Es konnen auch Mi—

schungen Von Ffillstoffen wie z. B. Lactose/mikro-

kristalline Cellulose verwendet werden.
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Selbstversténdlich konnen den Fullstoff—Trégermaterial—

Mischungen auch noch andere Bestandteile zugesetzt wer-

den, die wéhrend der Herstellung entsprechend mit einge—

arbeitet werden. Diese Bestandteile gehoren zu den fibli-

cherweise bei pharmazeutischen Zusammensetzungen verwen—

deten Hilfsstoffen, z. B. Schmiermittel, Gleitmittel, Ge-

schmacksstoffe, Farbstoffe u.a.

Die Herstellung der Mischungen aus den verschiedenen Kom—

B. durch

Spruhgranulierung, Feuchtgranulierung, Spruhtrocknung

ponenten erfolgt nach bekannten Metfioden, z.

oder Extrusion.

Im Falle der Spruhgranulierung wird die Pulvermischung im

Wirbelbett bei leicht erhohter Temperatur vorgelegt und

mit einer Flfissigkeit, meist Wasser oder Alkohol oder ei-

ner wéfirigen (organischen) Losung eines entsprechenden

Hilfsmittels bespruht, agglomeriert und dann getrocknet.

Zur Feuchtgranulierung mischt man beispielsweise den

Hilfsstoff mit dem Tragermaterial in einem geeigneten Mi-

scher, granuliert mit Wasser oder einer geeigneten Flfis-

sigkeit und trocknet das Feuchtgut, nachdem es durch ein

Sieb passiert wurde.

Bei den Granulierverfahren konnen die Hilfsstoffe

und/oder Trégermaterialien oder Teilmengen auch in die

Granulierflussigkeit gegeben werden.

Bei der Sprfihtrocknung wird eine flussige Mischung der

Komponenten in einer geeigneten Sprfihvorrichtung bei er-

hohten Temperaturen versprfiht. Der Ffillstoff kann dabei

dispergiert (z. B. Cellulose, MCC oder Calciumsalze) oder

gelost (2. B. Lactose, Sorbit, Mannit) vorliegen.
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Zur Retardierung der Freisetzung werden haufig HPMC—Typen

mit hoher Molmasse eingesetzt. Diese HPMC—Typen bilden im

Kontakt mit Wasser schon bei niedrigen Konzentrationen

eine hochviskose Masse, die sich nur schwer verarbeiten

lafit. Bei der Feuchtgranulierung wird daher meist nicht

mit einer wéfirigen sondern mit einer alkoholischen Granu-

lierflfissigkeit gearbeitet. Bei der Herstellung einer er-

findungsgemafien Zusammensetzung aus Ffillstoff und HPMC,

z.B. durch Spruhtrocknung, kbnnen daher nur sehr niedrig

konzentrierte wéflrige HPMC-Lésungen versprfiht werden. Al-

ternativ kann mit organischen Lésungsmitteln und damit

mit Dispersionen gearbeitet werden.

Bin besonderer Aspekt der Erfindung ist daher die Her-

stellung einer erfindungsgeméfien Zusammensetzung aus h6-

herkonzentrierten wafirigen Systemen Von Celluloseethern

wie HPMC. Die Léslichkeit von HPMC in Wasser nimmt mit

steigender Temperatur ab. Bei erhéhten Temperaturen k6n—

nen hbherkonzentrierte HPMC—Dispersionen hergestellt wer-

den. HPMC ist also bei erhéhten Temperaturen Uberwiegend

dispergiert und nicht mehr gelést. Zusammen mit dem Full-

stoff kénnen nun hbherkonzertrierte wéflrige Mischungen

verspruht werden. Der Vorteil liegt in der Verarbeitung

konzentrierterer flfissiger Systeme und damit kfirzeren

Prozeflzeiten und Kosteneinsparungen.

Bestimmte MCC— und Lactose-Typen werden industriell be-

reits durch Sprfihtrocknung gewonnen. Das Trégermaterial

kénnte also den Hilfsstoffdispersionen oder —l6sungen vor

der Trocknung beigegeben werden.

Die Teilchengréfle der Zusammensetzungen léfit sich durch

entsprechende Auswahl der ProzeB- und Formulierungspara-

meter kontrollieren.
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Die erfindungsgeméflen Mischungen haben bessere Tablet-

tiereigenschaften als der reine Tréger und zeichnen sich

durch folgende Vorteile aus: gute Flieflféhigkeit, gute

Komprimierbarkeit, hohe Harte, geringer Abrieb. Durch die

Vorabherstellung der innigen Mischung wird die nachfol—

gende Tablettierung durch Einsparung von Herstellungs—

schritten erleichtert.

Die erfindungsgeméfien Zusammensetzungen kdnnen dann mit

dem Wirkstoff und anderen Hilfsstoffen vermischt werden

und z.B. in eine Tablette verprefit werden. Zu den Wirk-

stoffen zahlen nieder— und héhermolekulare Arzneistoffe_

(z.B. auch Peptide, Proteine) zur human- und veterinarme-

dizinischen Anwendung und Substanzen, die in der Land-

wirtschaft, im Haushalt, in der Nahrungsmittel-, kosmeti-

schen und chemischen Industrie und anderen Industriezwei—

gen genutzt werden. Selbstversténdlich kénnen auch Kombi—

nationen Von Wirkstoffen verwendet werden.

Die Arzneistofffreisetzung aus Matrixsystemen basierend

auf hydrophilen Trégermaterialien wird neben den Eigen-

schaften des Trégermaterials auch von den Eigenschaften

des Wirkstoffes beeinflufit. Dazu zéhlen in erster Linie

die notwendige Dosis und die Léslichkeit des Wirkstoffes.

Um die gewfinschten Freisetzungsprofile zu erhalten, kann

der Wirkstoff mit erfindungsgeméfien Zusammensetzungen mit

unterschiedlichem Hilfsstoff-Trégermaterial-Verhéltnis

verarbeitet werden. Die Freisetzung kann dabei durch das

Hilfsstoff-Trégermaterial-Verhéltnis variiert werden. Das

fur den jeweiligen Wirkstoff ideale Hilfsstoff—

Trégermaterial Verhéltnis kann auch durch Zusammenmischen

zweier Hilfsstoff-Gemische unterschiedlicher Zusammenset-

zung erreicht werden, z.B. durch Mischen zweier mit Tra-

germaterial hoch und niedrig konzentrierten Zusammenset—

zungen.
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Die neuen Tablettierhilfsstoffe konnen_selbstverstandlich

auch in anderen Herstellungsverfahren von Retardsystemen

eingesetzt werden, z.B. zur Pelletherstellung oder zur

Befullung von Kapseln.

Durch die nachfolgenden Beispiele wird die Erfindung er-

léutert, soll dadurch jedoch nicht eingeschrankt werden.

Beisgiel 1

Der Hilfsstoff (z.B. Lactose, Ca3(PO)4 oder mikrokri-

stalline Cellulose) und das Trégermaterial

(Hydroxypropylmethylcellulose — HPMC K4M oder Polyethy-

lenoxid — Polyox) werden mit einem wéflrigen oder alkoho—

lisch—wéBrigen Medium in unterschiedlichen Verhéltnissen

feucht granuliert, durch ein Sieb gedruckt und anschlie—

Bend zu Granulaten getrocknet.

Beisgiel 2

Der Hilfsstoff (Lactose, Ca3(PO)4 oder mikrokristalline

Cellulose) und das Tragermaterial (Hydroxypropylmethyl-

cellulose — HPMC K4M) werden in heibem Wasser in einer

Konzentration Von 30% in unterschiedlichen Verhéltnissen

gelost oder dispergiert und in einem Spruhtrockner bei

einer Einlafitemperatur von ca. 130 °C verspruht. Das ge-

trocknete Agglomerat kann direkt verwendet werden.

Beisgiel 3

Wie Beispiel 1, nur wurden die Granulate durch Spruhgra—

nulierung in einem Sprfihgranulator (Aeromatic) durch ein

Top-Spray Verfahren hergestellt. Der Hilfsstoff (z.B.

Lactose, Ca3(PO)4 oder mikrokristalline Cellulose) und

das Tragermaterial (Hydroxypropylmethylcellulose — HPMC

K4M oder Polyethylenoxid - Polyox) wurden vorgelegt und
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durch Einspruhen der Losungsmittel bei leicht erhohten

Temperaturen granuliert. Alternativ kann auch etwas Tra-

germaterial in die Granulierflussigkeit eingearbeitet

werden.

Beisgiel 4

Das Beispiel beschreibt ein Verfahren zur Herstellung ei-

ner Zusammensetzung zur raschen Wirkstofffreisetzung un-

ter Verwendung eines Schmelzextrusionsverfahrens.

Materialien:

Gew.—%

MCC (mikrokristalline Cellulose) 82

Xylit 10

kreuzvernetztes PVP, Sprengmittel 5

Natriumstearylfumarat, Schmiermittel 3

Die Extrusion bei ca. 90 °C liefert rasch freisetzende

Granulate enthaltend Fullstoffe, Bindemittel, Sprengmit-

tel und Schmiermittel. Diese rasch freisetzenden Granula-

te werden dann mit trockenen Inhaltsstoffen nach Wahl,

einschliefllich Wirkstoffen, einem Gleitmittel und bei be-

stimmten Ausfuhrungsformen der Erfindung gegebenenfalls

mit erfindungsgeméflen Zusammensetzungen gemischt und zu

Tabletten verprefit.

Beisgiel 5

Im folgenden wird eine exemplarische Liste Von FUllstof—

fen wiedergegeben, welche in der Praxis erfindungsgeméfi

allein oder in Kombination mit den Zusammensetzungen der

vorliegenden Erfindung verwendet werden konnen.

MCC (mikrokristalline Cellulose)

Calciumsulfat
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Polyole (z.B. Mannit, Sorbit, Malit, Xylit)

Calciumphosphat

Calciumcarbonat

Dextrose, Lactose

Saccharose, Maltose

Fructose

Polysaccharide

Beisgiel 6

Im folgenden wird eine exemplarische Liste Von retardie—

renden Materialien wiedergegeben, welche in der Praxis

der vorliegenden Erfindung verwendet werden konnen. Diese

retardierenden Materialien, welche auch als Trégermateri—

al bezeichnet werden konnen, konnen erfindungsgeméfl al-

lein oder in Kombination mit anderen Trégermaterialien

und/oder den Zusammensetzungen der vorliegenden Erfindung

verwendet werden.

HPC

Polysaccharide

HPMC, Polyethylenoxid

Lipide und Triglyceride, Monoglyceride, Diglyceride

Wachse, Fettséuren und hydrierte Pflanzenole

Acrylatpolymere

Ethylcellulose

Carbomere (Carbopol® 97IP) Polycarbophil

HPMCAS und HPMCP

Andere Inhaltsstoffe:

Die Zusammensetzungen konnen ferner enthalten:0,1 bis 20%

Zerfallsmittel oder Bindemittel (z. B. Natruimstérkegly-

Colut (Expoltab®, Prinojel®)

Natriumcroscarmellose (Ac—Di-Sol®)(Zerfallsmittel)

kreuzvernetztes PVP (Polyplasdone® XL10)
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Veegum® und andere Tofie, Stérken, Alginate, PVP und ande-

re dem Fachmann bekannte Zerfallsmittel und Bindemittel.

Die erfindungsgeméfie Zusammensetzung kann ferner Xylit,

AHA’s und andere wasserlbsliche Materialien, Elektrolyten

und Nichtelektrolyten enthalten, welche unterhalb 150 °C

Schmelzen. Die Mittel wirken als porenbildende Stoffe in

der erfindungsgeméflen Zusammensetzung.

Die erfindungsgemafie Zusammensetzung kann ferner Schmier—

mittel und Gleitmittel enthalten, welche den Fliefivorgang

in Tablettier- und Kapselfullmaschinen unterstutzen und

auch ein gutes Fliefien in Kapselzubereitungen fbrdern.

Schmiermittel umfassen Magnesium— und Calciumstearat und

Stearinséure, Natriumstearlyfumarat und hydrierte Pflan—

zenble.

Wichtige Inhaltsstoffe der Zusammensetzung:

1. HPC oder HPMC

2. MCC in einem Verhéltnis 80:20 oder 50:50 (MCC:HPC

oder MPMC:PE)in Kombination mit MCC im beschriebenen Ver-

haltnie stellen eine beispielhafte Ausffihrungsform der

erfindungsgeméfien Zusammensetzung dar.

Optionale Inhaltsstoffe:

Siliciumdioxid, Talkum, Stérke und Polyethylenglycol

Beisgiel 7

Das Beispiel beschreibt ein Verfahren zur Anwendung bei

der Schmelzextrusion der langsam freisetzenden Zusammen-

setzung.

Die Verfahrenstemperatur der Schmelzextrusion liegt typi-

scherweise bei 60 bis 150 °C wahrend 1 5 bis 3 Minuten,

abhangig Von der Gr6Be der Vorrichtung und der Chargen—
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grbfle und den Eigenschaften der Stoffe der Pulvermi—

schung.

Das Mafl der Erosion und der verzégerten Freisetzung der

Wirkstoffe aus einer Matrixtablette hangt vom Verhéltnis

der retardierenden Stoffe zu den Hilfsstoffen in der Zu-

sammensetzung ab. Das Material wird ferner keinen hohen

Temperaturen fiber langere Zeitréume ausgesetzt. Rest-

feuchte und Lbsemittel sind daher nicht Von Bedeutung.

Die Anwendung der Schmelzextrusion sichert eine hohe

Gleichfbrmigkeit der Inhaltsstoffe in der Zusammenset-

zung, da eine zusatzlich Mischung in inneren des Extru-

ders erfolgt. Entmischung, welche bei der direkten Ver-

pressung auftritt; wird gleichfalls vermieden.

Die Vorteile der erfindungsgemafien Zusammensetzung, wel-

che mittel der Schmelzextrusion hergestellt werden, sind
U. a.:

0 kontinuierliches und rasches Verfahren

0 keine Lbsemittel oder Wasser

0 durchffihrbar mit hohen Gehalten an Bindemit—

teln/retardierenden Stoffen

0 Recycling und erneute Verarbeitung der Stoffe ist m6g—

lich

0 anwendbar bei retardierenden Stoffen und Fullstoffen,

wenn ein Inhaltsstoff bei der Verarbeitungstemperatur

schmilzt oder erweicht

'0 gute FlieB— und physikalische Eigenschaften

0 gleichfbrmige Verteilung der Komponenten in der ferti-

gen Zusammensetzung

I Zusammensetzung ist trocken mischbar mit Wirkstoffpul-

ver und —granulat

0 weitere in der Tablettenformulierung enthaltene inakti-

ve Stoffe kbnnen sein:

Ffillstoffe
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Bindemittel

Zerfallsmittel

Farbstoffe

Puffer

Gleitmittel

Schmiermittel

Zusétzliche Schmiermittel oder Zerfallsstoffe kénnen der

Zusammensetzung gleichzeitig zusammen mit dem Wirkstoff

oder der erfindungsgeméfien Zusammensetzung zugesetzt wer-

den.

Beisgiel 8

SQrfihgranulations—, SQrfihtrocknungs— und Feuchtgarnulati—

onsverfahren

Die Verbindungen kénnen mit Hilfe der dem Fachmann be-

kannten klassischen Verfahren zur Herstellung pharmazeu-

tischen Formulierungen im Lichte der vorliegenden Offen-

barung hergestellt werden. Derartige Verfahren umfassen

beispielsweise Feucht- oder Spruhgranulation, Sprfih-

trocknung, Spruherstarrung, Schmelzgranulation oder Kal-

textrusion.

Bei der Sprfihgranulation wird die Pulvermischung, beste-

hend aus dem retardierenden Trégermaterial und der Hilfs—

stoff in einem fluidisierten Bett mit einem L6semit—

tel/Ldsemittelgemisch (2. B. Wasser oder Alkohol) granu-

liert. Ein Bindemittel oder das retardierende Trégermate—

rial oder Teile davon kénnen dem Lésemittel/L6semittel—

gemisch zugegeben werden.

Bei der Spruhtrocknung wird eine flfissige Lésung oder

Dispersion der Komponenten durch Einsprfihen in eine be-

heizte Luftkammer und Entfernung des Lésemittels in die

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1077



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1078

10

15

20

25

30

35

W0 98/56359 PCT/DE98/01659

17

trocknen Komponenten fiberffihrt. Verschiedene direkt ver-

B. MCC,

durch eine Spruhtrocknung hergestellt. Die Zusammenset-

preflbare Zusammensetzungen (z. Lactose) wurden

zungen kénnen durch Zugabe der Komponenten zur Flfissig—

keit vor dem Versprfihen hergestellt werden.

Bei der Schmelzgranulation wird das geschmolzene Trager—

material mit anderen Hilfsstoffen gemischt und in einer

beheizten Kammer zusammengegeben und dann gekfihlt und ge-

mahlen. Bei der Sprfiherstarrung wird das geschmolzene

Tragermaterial mit den anderen Hilfsstoffen dispergiert

und dann in Partikel versprfiht und gekuhlt.

Bei der Spruherstarrung wird der Hilfsstoff zum geschmol-

zenen retardierenden Tragermaterial hinzugefugt, gefolgt

von der Spruherstarrung der Masse in Partikel.

Lipide (Wachse, kbnnten inTriglyceride und dergleichen)

die langsam freisetzende Zusammensetzung in Form eines

Pulvers oder einer heiflen Schmelze eingeffigt werden, wo-

bei die Zusammensetzung mit der heifien Schmelze granu-

liert wird.

Bei den waBrigen Polymerdispersionen werden die Hilfs—

stoffe in der Dispersionsmischung gelbst oder disper-

oder der Hilfs—

stoff wird mit der Polymerdispersion granuliert. Plasti-

fizierungsmittel kénnen zur Spaltung der Polymerpartikel

giert, gefolgt von einer Sprfihtrocknung,

zugesetzt werden. Geeignete Polymerdispersionen enthalten

entweder Celluluse- (Ethylcelluluose in Aquacoat oder Su-

release) oder Acryl— (Eudragit) Polymere.

Die erfihdungsgemafie Zusammensetzung besteht aus einer

innigen Mischung des retardierenden Materials und des

Hilfsstoffs in einem festgelegten Verhaltnis. Diese Zu-
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sammensetzungen entmischen sich nicht im Vergleich mit

physikalischen Mischungen.

Die erfindungsgeméflen Zusammensetzungen weisen bessere

Tablettierungseigenschaften auf, als die reinen retardie—

renden Materialien, einschliefllich Flieflverhalten, Kom-

pressibilitat, Harte und Abrieb.

Sprfihtrocknung und Feuchtgranulation sind gebréuchliche

Verfahren in der pharmazeutischen Industrie, um Granulate

Da Tabletten—

formulierungen viele Komponenten enthalten,

'zum Verpressen zu Tabletten herzustellen.

erméglicht

die erfindungsgeméfie Zusammensetzung die Herstellung ei-

nes Granulats durch physikalisches Mischen des Wirkstoffs

mit einer erfindungsgeméfien Zusammensetzung unter an-

schliefiendem Verpressen der Mischung zu einer langsam

freisetzenden Matrixtablette.

Die hier beschriebenen Zusammensetzungen und Verfahren

kbnnen vom Fachmann in einfacher Weise ohne groflen expe-

rimentellen Aufwand nachvollzogen werden. Neben den aus-

ffihrlich beschriebenen bevorzugten Ausffihrungsformen kann

der Fachmann diese verandern und anpassen, ohne damit die

erfinderische Idee zu verlassen. dafl nebenEs ist klar,

den beschriebenen und verwendeten Materialien auch sol-

Che, dem Fachmann geléufige, verwendet werden kénnen, die

zu den gleichen oder vergleichbaren Ergebnissen ffihren

und unter den Umfang der vorliegenden Erfindung fallen.
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Patentansprfiche

1. Zusammensetzung, dadurch gekennzeichnet, daB sie

5 a) aus einer innigen Mischung eines Hilfsstoffes und

einem Trégermaterial besteht und

b) die Wirkstofffreisetzung aus Zubereitungen retar-

diert.

10 2. Zusammensetzung nach Anspruch 1, dadurch gekennzeich-

net, dafi das Tragermaterial retardierende Eigenschaf—

ten aufweist. ‘

3. Zusammensetzung nach einem oder mehreren der vorher—

15 gehenden Ansprfiche, dadurch gekennzeichnet, dafi das

Tragermaterial ein hydrophiles Polymer ist.

4. Zusammensetzung nach einem oder mehreren der vorher~

gehenden Anspruche, dadurch gekennzeichnet, dafi das

20 Tragermaterial ein Cellulosederivat ist.

5. Zusammensetzung nach einem oder mehreren der vorher—

gehenden Ansprfiche, dadurch gekennzeichnet, dab das

Trégermaterial Hydroxypropylmethylcellulose ist.

25

6. Zusammensetzung nach einem oder mehreren der vorher—

gehenden Ansprfiche, dadurch gekennzeichnet, daB das

Tragermaterial Hydroxypropylcellulose ist.

30 7. Zusammensetzung nach einem oder mehreren der vorher-

gehenden Ansprfiche, dadurch gekennzeichnet, dafi das

Trégermaterial Polyethylenoxid ist.

8. Zusammensetzung nach einem oder mehreren der vorher-

35 gehenden Ansprfiche, dadurch gekennzeichnet, dafl das

Trégermaterial ein Vinylderivat (z.B. Polyvinylpyrro-
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12.

13.

14.

15.

20

lidon, Polyvinylalkohol, Polyvinylacetate oder Copo—

lymere) ist.

Zusammensetzung nach einem oder mehreren der vorher—

dadurch gekennzeichnet, dafi dergehenden Anspruche,

Hilfsstoff ein Ffillstoff ist.

Zusammensetzung nach einem oder mehreren der vorher—

dafi der

Hilfsstoff Cellulose oder mikrokristalline Cellulose

gehenden Ansprfiche, dadurch gekennzeichnet,

ist.

Zusammensetzung nach einem oder mehreren der vorher—

dafi der

wie Sorbit

gehenden Anspruche, dadurch gekennzeichnet,

Hilfsstoff ein Zucker oder Zuckeralkohol,

oder Mannit ist.

Zusammensetzung nach einem oder mehreren der vorher—

gehenden Ansprfiche, dadurch gekennzeichnet, dab der

Hilfsstoff Lactose ist.

Zusammensetzung nach einem oder mehreren der vorher—

gehenden Ansprfiche, dadurch gekennzeichnet, daB der

Hilfsstoff ein Calciumsalz ist.

Zusammensetzung nach einem oder mehreren der vorher-

gehenden Ansprfiche, dadurch gekennzeichnet, daB wei-

tere Hilfsstoffe vor der Herstellung der Zusammenset-

zung zugegeben werden.

Zusammensetzung nach Anspruch 1, dadurch gekennzeich-

net, dafi die Zusammensetzung in wesentlich frei von

Wirkstoffen ist und ein retardierendes hydrophiles

oder hydrophobes Trégermaterial und einen Hilfsstoff

ausgewahlt aus der Gruppe bestehend aus Cellulosen,

Kohlenhydraten, Calciumsalzen oder Polyolen enthélt,
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wobei das Tragermaterial und der Hilfsstoff in einem

derartigen Verhaltnis vorliegen, dafi eine verzégerte

Freisetzung eines Wirkstoffes erzielt wird, wenn man

den Wirkstoff mit der Zusammensetzung formuliert.

Zusammensetzung nach Anspruch 15, dadurch gekenn—

zeichnet, dab das retardierende Material aus der

Gruppe bestehend aus Polyethylenoxid, Hydroxypropy1—

methylcellulose, Hydroxymethylcellulose, Acrylatpoly-

Fetten, Li-

Fettsauren, Fettalkoholen oder aus Kombinatio—

meren, Wachsen, hydrierten Pflanzenélen,

piden,

nen Von zwei oder mehreren dieser Materialien ausge—

wahlt ist.

Zusammensetzung nach Anspruch 15, dadurch gekenn—

zeichnet, dafi das retardierende Material Polyethylen-

oxid umfaflt.

Zusammensetzung nach Anspruch 15, dadurch gekenn—

zeichnet, dafi das retardierende Material etwa 10 bis

90 Gew.—% der retardierenden Zusammensetzung umfafit.

Zusammensetzung nach Anspruch 18, dadurch gekenn-

zeichnet, dab das retardierende Material etwa 15 bis

35 Gew.-% der retardierenden Zusammensetzung umfafit.

Zusammensetzung nach Anspruch 19, dadurch gekenn—

zeichnet, daB das retardierende Material etwa 15 bis

85 Gew.-% der Zusammensetzung umfaflt.

Zusammensetzung nach Anspruch 17, dadurch gekenn—

zeichnet, daB das Polyethylenoxid etwa 20 Gew.-% der

Zusammensetzung'umfaBt.'
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Zusammensetzung naeh Anspruch 15, dadurch gekenn—

zeichnet, dafl der Hilfsstoff mikrokristalline Cellu-

lose ist.

Zusammensetzung nach Anspruch 22, dadurch gekenn-

zeichnet, dafi die mikrokristalline Cellulose etwa 15

bis 95 Gew.—% der Zusammensetzung umfaflt.

Zusammensetzung nach Anspruch 23, dadurch gekenn—

zeichnet, daB die mikrokristalline Cellulose etwa 65

bis 95 Gew.-% der Zusammensetzung umfafit.

Zusammensetzung nach Anspruch 24, dadurch gekenn-

zeichnet, dafl die mikrokristalline Cellulose etwa 70

Gew.-% der Zusammensetzung umfaBt.

Zusammensetzung nach Anspruch 16, dadurch gekenn—

zeichnet, dafi das Wachs hydriertes Pflanzenbl, Glyce-

rin, Carnaubawachs, Bienenwachs, ein Acrylpolymer

oder eine Mischung Von zwei oder mehreren der genann-

ten Stoffe ist.

Zusammensetzung nach Anspruch 15 oder 17, dadurch ge-

kennzeichnet, daB das Fett ein Monoglycerid, ein

Diglycerid, ein Triglycerid oder eine Mischung von

zwei oder mehreren der genannten Stoffe ist.

Zusammensetzung nach Anspruch 15, dadurch gekenn—

zeichnet, dab das Polyol Xylit, Mannit, Sorbit oder

eine Mischung aus zwei oder mehreren der genannten

Stoffe ist.

Zusammensetzung nach Anspruch 16, dadurch gekenn-

zeichnet, dab das Wachs hydriertes Pflanzenél ist.
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Zusammensetzung naoh Anspruch 16, dadurch gekenn-

zeichnet, dafi diese als Pulver oder Granulat vor-

liegt.

Zusammensetzung nach Anspruch 16, dadurch gekenn-

zeichnet, daB das Wachs Glycerin ist.

Zusammensetzung nach Anspruch 15, dadurch gekenn-

zeichnet, daB der Hilfsstoff mikrokristalline Cellu-

lose ist und in einer Menge Von etwa 50 Gew.-% in der

Zusammensetzung vorliegt.

Zusammensetzung nach Anspruch 15, dadurch gekenn-

zeichnet, dab das retardierende Material eine wafirige

Polymerdispersion ist.

Zusammensetzung nach Anspruch 33, dadurch gekenn-

zeichnet, dafl die waflrige Polymerdispersion eine Cel-

lulosepolymer oder eine Acrylatpolymerdispersion ist.

Verfahren zur Herstellung einer Zusammensetzung nach

Anspruch 1, in dem man das Tragermaterial und den

Hilfsstoff in inniger Weise mischt.

Verfahren nach Anspruch 35, dadurch gekennzeichnet,

dafi man eine SprUh— oder Feuchtgranulierung durch-

ffihrt.

Verfahren nach Anspruch 35, dadurch gekennzeichnet,

daB man eine Extrusion durchffihrt.

Verfahren nach Anspruch 35, dadurch gekennzeichnet,

dab man eine Sprfihtrocknung durchfuhrt.

Verfahren nach Anspruch 38, dadurch gekennzeichnet,

dafi man eine Losung oder Dispersion des Hilfsstoffes
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mit einem fiberwiegénd dispergiertem Trégermaterial

sprfihtrocknet. I

40. Verfahren nach einem oder mehreren der Ansprfiche 35

5 bis 39, wobei als Flussigkeit Wasser eingesetzt wird.

41. Verfahren nach einem oder mehreren der Ansprfiche 35

bis 40, wobei eine Flussigkeit eingesetzt wird, in

der das Trégermaterial wahrend der Herstellung der

10 Zusammensetzung uberwiegend nicht lbslich ist.

42. Zubereitung, enthaltend eine Zusammensetzung nach An-

spruch 1.

15 43. Zubereitung nach Anspruch 42, enthaltend weiterhin

mindestens einen Wirkstoff.

44. Zubereitung nach einem der Ansprfiche 42 oder 43, er-

héltlich durch Verpressen einer Zusammensetzung geméfi

20 Anspruch 1 mit mindestens einem Wirkstoff und gegebe-

nenfalls weiteren Hilfsstoffen.

45. Zubereitung nach einem oder mehreren der Anspruche 42

bis 44, wobei die Freisetzung eines Wirkstoffes durch

25 das Verhéltnis von Wirkstoff zur Zusammensetzung ge-

méfi Anspruch 1 kontrolliert und einstellbar ist.

46. Zubereitung nach einem oder mehreren der Ansprfiche 42

bis 45, dadurch gekennzeichnet, dafi man die Freiset-

30 zung eines Wirkstoffes durch das Verhéltnis Von

Hilfsstoff zu Trégermaterial einer erfindungsgeméfien

Zusammensetzung kontrolliert und einstellt.

47. Zubereitung nach einem oder mehreren der Ansprfiche 42

352 bis 46, dadurch gekennzeichnet, daB man die Freiset—

zung eines Wirkstoffes durch Mischung zweier Zusam-
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mensetzungen gemafi Anspruch 1 mit yoneinander unter-
schiedlichem Hi1fsstoff-Tragermaterial—Verhaltnis

kontrolliert und einstellt.

5 48. Zubereitung nach einem oder mehreren der Ansprfiche 42

bis 47, dadurch gekennzeichnet, dafl man die Freiset—

zung eines Wirkstoffes durch Mischung zweier oder

mehrerer Zusammensetzungen gemafi Anspruch 1 mit je-

weils unterschiedlichen Tragermaterialien und/oder

10 Hilfsstoffen kontrolliert und einstellt.

49. Verfahren zur Herstellung einer Zubereitung nach An-

spruch 42, dadurch gekennzeichnet, dab man das retar-

dierende Tragermaterial mit dem Hilfsstoff bei einer

15 Temperatur trocken vermischt, bei welcher das retar-

dierende Tragermaterial schmilzt oder erweicht, wobei

man eine Zusammensetzung gemafi Anspruch 1 erhalt, und

dab man der Zusammensetzung einen pharmakologisch

wirksamen Stoff hinzufugt und vermischt find man die

20 so erhaltene Mischung einer Schmelzextrusion unter-

wirft, wobei der Hilfsstoff der Zusammensetzung bei

der Temperatur der Schmelzextrusion nicht schmilzt.

50. Verfahren gemafl Anspruch 49, dadurch gekennzeichnet,

25 dafi der Hilfsstoff ein Calciumsalz, ein Polyol oder

ein Kohlenhydrat ist.

51. Verfahren nach einem der Ansprfiche 49 oder 50, da-

durch gekennzeichnet, daB man die Extrusion wasser—

30 frei ausffihrt.
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Veriiffentlichungsdatum: 17. Dezember 1998 (l7.l2.98)
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GM, KE, LS, MW, SD, SZ, UG, ZW), eurasisches Patent
(30) prim-itfitsdatgng (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), europaisches

197 25 911.1 13. Juni 1997 (1306.97) DE Patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR,
60/068,977 30. Dezember 1997 (30.12.97) US IE, IT, LU, MC, NL, PT, E), API Patent (BF, BJ, CF,

CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).
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Ravenweg 18, D-14163 Berlin (DE). MCGINITY, James, Veriiffenflicht
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(74) AHWRII3 SCHUBERT. K131116115; 1111 SCh°n°W€1’ Park IE. Frist. Veréflentlichung wird wiederhalt fizlls Xnderungen

D-14167 Berlin (DE). eintreflén.

(88) Verfiffentlichungsdatum des internationalen Recherchenbe-
richts: 18. Miirz 1999 (1803.99)

(54) Title: COMPOUNDS WI-IICI-I DELAY TI-HE RELEASE OF ACTIVE SUBSTANCES

(54) Bezeichnung: ZUSAMMENSETZUNGEN, DIE DIE WIRKSTOFFFREISETZUNG VERZOGEIN

(57) Abstract

The invention relates to compounds which delay the release of active substances. The invention also relates to a method for the
production thereof. The compounds are produced, for instance, by wet or spray granulation, spray drying or extrusion of a conventional
filling material (e.g. microcrystalline cellulose or lactose) and a carrier material (hydroxypropylmethyl cellulose or polyethylene oxide).
The inventive composition can be processed together with the active substance and other auxiliary agents into a solid medicament form,
e.g. a tablet, which releases the active substance in a delayed manner.

(57) Zusammenfassung

Es werden Zusarnmensetzungen, welche die Wirkstofffreisetzung verzbgem, sowie Verfahren zu ihrer Herstellung beschrieben. Die
Zusammensetzungen werden z.B. durch Feucht— oder Sprnhgranulierung, Sprtlhtrocknung oder Extrusion aus einem llblichen Fnllstoff (z.B.
milcrokristalline Cellulose oder Lactose) und einem Triigermaterial (z.B. Hydroxypropylmethylcellulose oder Polyethylenoxid) hergestellt.
Diese erfindungsgemafle Zusammensetzung kann zusammen mit dem Wirkstoff und anderen I-Iilfsstoffen in eine feste Arznciform, z.B. eine
Tablette, verarbeitet werden. die den Wirkstoff veizbgen freigibt.
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14. Januar 1999 25/01/1999

Name und Postanschrifl der Intematlonalen Flecherchanbehérde Bevollmachtigter Bedianstater
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Description

 

Novel derivatives of 3,3—diphenylpropylamines

 

The present invention relates to novel derivatives of 3,3-

diphenylpropylamines, methods for their preparation, phar-

maceutical compositions containing the novel compounds, and

the use of the compounds for preparing drugs.

In man, normal urinary bladder contractions are mediated

mainly through cholinergic muscarinic receptor stimulation.

There is reason to believe that muscarinic receptors medi-

ate not only normal bladder contractions, but also the main

part of the contractions in the overactive bladder resulting

in symptoms such as urinary frequency, urgency and urge in-

continence. For this reason, antimuscarinic drugs have been

proposed for the treatment of bladder overactivity.

Among the antimuscarinic drugs available on the market, oxy-

butynin is currently regarded as the gold standard for phar-

macological treatment of urge incontinence and other symp-

toms related to bladder overactivity. The effectiveness of

oxybutynin has been demonstrated in several clinical studies,

but the clinical usefulness of oxybutynin is limited due to

antimuscarinic side effects. Dryness of the mouth is the most

common experienced side effect which may be severe enough to
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result in poor compliance or discontinuation of treatment

(Andersson, K.—E., 1988, Current concepts in the treatment

of disorders of micturition, Drugs 35, 477-494; Kelleher et

al. 1994).

Tolterodine is a new, potent and competitive, muscarinic re-

ceptor antagonist intended for the treatment of urinary urge

incontinence and detrusor hyperactivity. Preclinical pharma-

cological data show that tolterodine exhibits a favourable

tissue selectivity in vivo for the urinary bladder over the

effect on the salivation (Nilvebrant et al., 1997, Toltero-

dine — a new bladder—selective antimuscarinic agent, Eur. J.

Pharmacol. 327 (1997), 195-207), whereas oxybutynin exhibits

the reversed selectivity. Tolterodine is equipotent to oxy-

butynin at urinary bladder muscarinic receptors and the fa-

vourable tissue selectivity of tolterodine demonstrated in

the preclinical studies has been confirmed in clinical stud-

iesl Thus a good clinical efficacy has been combined with a

very low number of incidences of dry mouth and antimuscarinic

side effects.

A major metabolite of tolterodine, the 5-hydroxymethyl de-

rivative is also a potent muscarinic receptor antagonist and

the pharmacological in vitro and in vivo profiles of this

metabolite are almost identical to those of tolterodine

(Nilvebrant et al., 1997, Eur. J. Pharmacol. 327 (1997),

195-207). Combined pharmacological and pharmacokinetic data

indicate that it is most likely that the metabolite gives a

major contribution to the clinical effect in most patients.

WO 94/11337 proposes the active metabolite of tolterodine as

a new drug for urge incontinence. Administration of the ac-

tive metabolite directly to patients has the advantage com-
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pared to tolterodine that only one active principle (com-

pound) has to be handled by the patient which normally should

result in a lower variation in efficacy and side effects be-

tween patients and lower risk of interaction with other

drugs.

However, the introduction of an additional hydroxy group in

the tolterodine results in an increased hydrophilic property

of the new compounds (3,3-diphenylpropylamines) compared to

the parent compounds which normally results in a lower ab-

sorption/bioavailability, leading to pre—systemic side ef-

fects or interactions due to non-absorbed antimuscarinic

drug. In a method to circumvent this disadvantage, different

prodrugs of the metabolite have been synthesized and tested

for their antimuscarinic activity, potential absorption

through biological membranes and enzymatic cleavage.

It is an object of the present invention to provide novel

derivatives of 3,3-diphenylpropylamines. It is a further ob-

ject of the present invention to provide new derivatives of

3,3-diphenylpropylamines which will be more useful as pro-

drugs for treatment of urinary incontinence and other spas-

mogenic conditions that are caused by muscarinic mechanisms

while avoiding the disadvantage of a too low absorption

through biological membranes of the drugs or an unfavourable

metabolism.

A further object of the invention is to provide novel pro-

drugs of antimuscarinic agents with superior pharmacokinetic

properties compared to present drugs as oxybutynin and tol-

terodine, methods for preparing thereof, pharmaceutical com-

positions containing them, a method of using said comounds
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and compositions for the treatment of urinary incontinence,

gastrointestinal hyperactivity (irritable bowel syndrome)

and other smooth muscle contractile conditions.

According to the present invention, novel 3,3—diphenylpropyl¥

amines are provided, which are represented by the general

formulae I and VII‘

 
Formula VII’

wherein R and R‘ are independently selected from

a) hydrogen, C1-C5 alkyl, C3-Cm cycloalkyl, substituted or

unsubstituted benzyl, allyl or carbohydrate; or

b) formyl, C1—C5alky1carbonyl, cycloalkylcarbonyl, sub-

stituted or unsubstituted arylcarbonyl, preferably benzoyl;

or

c) C1-C5 alkoxycarbonyl, substituted or unsubstituted aryl-

oxycarbonyl, benzoylacyl, benzoylglycyl, a substituted or

unsubstituted amino acid residue; or
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R‘

d) \

R5

N—CO-

wherein R‘ and R5 independently

represent hydrogen, C1-C5 alkyl, substituted or unsubstituted

aryl, preferably substituted or unsubstituted phenyl, benzyl

or phenoxyalkyl wherein the alkyl residue has 1 to 4 carbon

atoms and wherein R‘ and R5 may form a ring together with the

amine nitrogen; or

e) Ri\\\‘
N50?’ wherein "R5 and R7 independently

Rg//’/

represent C1-C6 alkyl, substituted or unstubstituted aryl,

preferably substituted or unsubstituted phenyl, benzyl or

phenoxyalkyl wherein the alkyl residue has 1 to 6 carbon

atoms; or

f) an ester moiety of inorganic acids,

g) —SiRaRbRc, wherein R1,, R1,, R: are independently selected

from C1-C1 alkyl or aryl, preferably phenyl,

with the proviso that R‘ is not hydrogen, methyl or benzyl if

R is hydrogen,

X represents a tertiary amino group of formula Ia

Fan-nuiala
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wherein R8 and R9 represent non—aromatic hydrocarbyl groups,

which may be the same or different and which together contain

at least three carbon atoms, and wherein R3 and R3 may form a

ring together with the amine nitrogen,

Y and Z independently represent a single bond between the

(cngn group and the carbonyl group, O, S or NH,

A represents hydrogen (IH) or deuterium (ZH),

n is O to 12

and

their salts with physiologically acceptable acids, their free

bases and, when the compounds can be in the form of optical\

isomers, the racemic mixture and the individual enantiomers.

The aforementioned compounds can form salts with physiologi-

cally acceptable organic and inorganic acids. Furthermore,

the aforementioned compounds comprise the free bases as well

as the salts thereof. Examples of such acid addition salts

include the hydrochloride, hydrobromide and the like.

When the novel compounds are in the form of optical isomers,

the invention comprises the racemic mixture as well as the

individual isomers as such.

Preferably each of R8 and R9 independently signifies a satu-

rated hydrocarbyl group, especially saturated aliphatic hy-

drocarbyl groups such as Clg-alkyl, especially Ch;-alkyl,

or adamantyl, R3 and R9 together comprising at least three,

preferably at least four carbon atoms.
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According to another embodiment: of the invention, at least

one of R3 and R9 comprises a branched carbon chain.

Presently preferred tertiary amino groups X in formula I

include the following groups a) to h) :

a) _ <cH<c§:a)a b) _N<cHa
CH(CHe)2 C(CHa)a

H;,C CH3

c) ——N<CH3 d) -—-N
C(CHa)2CH2CH3

Hac CH3

Hac CH3 (I333

e) ——N f) —— Hac

CH3

g) +ND - 11) _.NC>
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Group a) is particularly preferred.

The aforementioned tertiary amino groups X are described in

WC 94/11337 and the compounds according to the present inven-

tion can be obtained by using the corresponding starting com-

pounds.

In the compounds according to the present invention, the term

"alkyl" preferably represents a straight—chain or branched-

chain hydrocarbon group having 1 to 6 carbon atoms. Such hy-

drocarbon groups may be selected from methyl, ethyl, propyl,

isopropyl, butyl, isobutyl, pentyl and hexyl. The term “cy-

cloalkyl" denotes a cyclic hydrocarbon group having 3 to 10

carbon atoms which may be substituted conveniently.

The term "substituted or unsubstituted benzyl“ denotes a hen-

yl group -CH2-Cgg which is optionally substituted by one or

more substituents on the phenyl ring. Suitable substituents

are selected from alkyl, alkoxy, halogen, nitro and the like.

Suitable halogen atoms are fluorine, chlorine and iodine

atoms. Preferred substituted benzyl groups are 4—methylben—

zyl, 2—methylbenzy1, 4-methoxybenzyl, 2—methoxybenzyl, 4-

nitrobenzyl, 2-nitrobenzyl, 4-chlorobenzyl and 2-chloroben-

zyl.

In the compounds according to the present invention the term

"C1-C6 alkylcarbonyl" denotes a group R—C(=O)- wherein R is

an alkyl group as defined hereinbefore. Preferred C1-C6 alk-

ylcarbonyl groups are selected from acetyl, propionyl, iso-

butyryl, butyryl, valeroyl and pivaloyl. The term "cyclo-

alkylcarbonyl" denotes a group R—C(=O)- wherein R is a cyclic

hydrocarbon group as defined hereinbefore. The same counts to

the selected carbonyl groups.
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The term "aryl" denotes an aromatic hydrocarbon group such

as phenyl— (C5H5~), naphthyl— (C101-17-), anthry1- (CMH,-),

etc. Preferred aryl groups according to the present inven-

tion are phenyl and naphthyl with phenyl being particularly

preferred.

The term "benzoyl" denotes an acyl group of the formula

-co-cgg wherein the phenyl ring may have one or more sub-

stituents.

Preferred substituents of the aryl group and in particular

of the phenyl group are selected from alkyl, alkoxy, halogen

and nitro. As substituted benzoyl groups 4—methylbenzoyl, 2-

methylbenzoyl, 4-methoxybenzoyl, 2-methoxybenzoyl, 4—chloro-

benzoyl, 2-chlorobenzoyl, 4-nitrobenzoyl and 2—nitrobenzoyl

may be mentioned.

The term "C1-C5 alkoxycarbonyl" refers to a group ROC(=O)—

wherein R is an alkyl group as defined hereinbefore. Pre-

ferred C1-C5 alkoxycarbonyl groups are selected from

CI-I3OC(=O)—, C2H5—OC(=O)-, C3H-,OC(==O)- and (CI-I3)3COC(=O)-

and alicyclic alkyloxycarbonyl.

The term "amino acid residue" denotes the residue of a natu-

rally occurring or synthetic amino acid. Particularly pre-

ferred amino acid residues are selected from the group con-

sisting of glycyl, valyl, leucyl, isoleucyl, phenylalanyl,

prolyl, seryl, threonyl, methionyl, hydroxyprolyl.

The amino acid residue may be substituted by a suitable group

and as substituted amino acid residues, benzoylglycyl and N-

acetylglycyl may be mentioned.
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The term "carbohydrate" denotes the residue of a polyhydroxy

aldehyde or polyhydroxy ketone of the formula cggnon or

canto)“ and correponding carbohydrate groups are, for ex-

ample, described in Aspinal, The Polysaccharides, New York:

Academic Press 1982, 1983. A preferred carbohydrate group in

the compounds according to the present invention is a glu-

curonosyl group, in particular a 1B-D-glucuronosyl group.

The term "LG" as used herein denotes a leaving group selected

from halogenides, carboxylates, imidazolides and the like.

The term "Bn" as used herein denotes a benzyl group.

Suitable ester moieties of inorganic acids may be derived

from inorganic acids such as sulfuric acid and phosphoric

acid.

Preferred compounds according to the present invention are:

A) Phenolic monoesters represented by the general formulae

II and II‘

xx’ \j/I ofi§4CHgn’i§o
"I “:3, “K

‘ R v

 
wherein R1 represents hydrogen, C1-C5 alkyl or phenyl.
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Particularly preferred phenolic monoesters are listed

below:

(t)-formic acid 2-(3-diisopropylamino—1—phenylpropy1)-4-

hydroxymethylphenyl ester,

(i)—acetic acid 2-(3—diisopropylamino-1-phenylpropyl)-4-

hydroxymethylphenyl ester,

(i)-propionic acid 2-(3-diisopropylamino-1-phenyl-

propyl)—4—hydroxymethylphenyl ester,

(i)-n—butyric acid 2-(3—diisopropylamino—l—phenyl-

propyl)-4-hydroxymethylphenyl ester,

(i)-isobutyric acid 2-(3-diisopropylamino-1-pheny1-

propyl)-4—hydroxymethylphenyl ester,

R-(+)-isobutyric acid 2-(3-diisopropylamino-1-phenyl-

propyl)-4—hydroxymethylphenyl ester,

(i)-2,2-dimethylpropionic acid 2-(3-diisopropylamino-1-

phenylpropyl)-4-hydroxymethylphenyl ester,

(i)—2-acetamidoacetic acid 2-(3—diisopropylamino—1-

phenylpropyl)-4—hydroxymethy1phenyl ester,

(i)-cyclopentanecarboxylic acid 2—(3-diisoprcpy1amino—1-

phenylpropyl)-4—hydroxymethylphenyl ester,

(i)—cyc1ohexanecarboxylic acid 2-(3—diisopropylamino-1-

phenylpropyl)-4-hydroxymethylphenyl ester,

(i)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)—

4—hydroxymethy1phenyl ester,

R—(+)-benzoic acid 2-(3-diisopropylamino—1-phenyl-

propyl)—4—hydroxymethylphenyl ester,

(i)-4-methylbenzoic acid 2-(3-diisopropylamino-1-phenyl-

propyl)-4—hydroxymethylphenyl ester,

(1)-2—methy1benzoic acid 2-(3-diisopropylamino—1—phenyl—

propyl)-4-hydroxymethylphenyl ester,

(t)—2-acetoxybenzoic acid 2-(3-diisopropylamino-1-

phenylpropyl)-4-hydroxymethylphenyl ester,
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(t)-1-naphthoic acid 2-(3-diisopropylamino—1—phenyl-

propyl)-4—hydroxymethylpheny1 ester,

(i)—2—naphthoic acid 2-(3—diisopropylamino—1-phenyl-

propyl)-4-hydroxymethylphenyl ester,

(i)—4—chlorobenzoic acid 2-(3—diisopropy1amino—1—phenyl—

propyl)-4—hydroxymethylphenyl ester,

(i)-4-methoxybenzoic acid 2-(3-diisopropylamino—1~

phenylpropyl)~4—hydroxymethylphenyl ester,

(i)—2-methoxybenzoic acid 2-(3-diisopropylamino-1-

phenylpropyl)-4-hydroxymethylphenyl ester,

(i)-4-nitrobenzoic acid 2-(3-diisopropylamino-1-phenyl-

propyl)-4—hydroxymethylphenyl ester,

(i)-2-nitrobenzoic acid 2-(3—diisopropylamino-1-phenyl—

propyl)-4-hydroxymethylphenyl ester,

(i)-malonic acid bis-[2-(3—diisopropy1amino-1-phenyl-

propyl)-4—hydroxymethyl—phenyl]ester,

(i)—succinic acid bis-[2-(3-diisopropylamino-1—phenyl-

propyl)-4—hydroxymethy1-phenyl]ester,

(i)—pentanedioic acid bis-[2-(3—diisopropylamino-1-

phenylpropyl)-4-hydroxymethyl-phenyl]ester,

(i)—hexanedioic acid bis-[2-(3-diisopropylamino-1-

phenylpropyl)—4—hydroxymethyl-phenyllester.

B) Identical diesters represented by the general formula

III

0

0 Fonnula Ill

wherein R1 is as defined above.
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Particularly preferred identical diesters are listed

below:

(i)—formic acid 2-(3~diisopropylamino—l-phenylpropyl)-4-

formyloxymethylphenyl ester,

(i)—acetic acid 4-acetoxy-3-(3—diisopropylamino—1-

pheny1propyl)—benzyl ester,

(i)-propionic acid 2-(3-diisopropylamino-l-phenyl-

propyl)-4-propionyloxymethylphenyl ester,

(i)-n-butyric acid 4—n—butyryloxymethyl—2—(3—diiso-

propylamino—l—phenylpropyl)—phenyl ester,

(i)-isobutyric acid 2-(3—diisopropylamino-1-phenyl-

propyl)-4—isobutyryloxymethylphenyl ester,

(i)-2,2-dimethylpropionic acid 3—(3-diisopropylamino—1~

phenylpropyl)—4—(2,2-dimethyl-propionyloxy)-benzyl

ester,

(1)-benzoic acid 4—benzoyloxymethyl-2-(3-diisopropy1—

amino—1-phenylpropyl)-phenyl ester,

R-(+)—benzoic acid 4—benzoyloxymethyl-2-(3—diisopropyl—

amino—l—phenylpropyl)-phenyl ester,

(i)-pent-4-enoic acid 2-(3~diisopropylamino-l—phenyl-

propyl)—4—(pent—4—enoy1oxymethyl)-phenyl ester,

cyclic oct-4—ene—l,8—dioate of Intermediate B,

cyclic octane—l,8-dioate of Intermediate B,

poly-co—DL-lactides of Intermediate B.

C) Mixed diesters represented by the general formula IV

 
For:-nuia N
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wherein R1 is as defined above

and

R2 represents hydrogen, C1-C5 alkyl or phenyl

with the proviso that R1 and R2 are not identical.

Particularly preferred mixed diesters are listed below:

(i)—acetic acid 2-(3—diisopropylamino-l—phenylpropyl)-4-

formyloxymethylphenyl ester,

(i)—benzoic acid 2-(3—diisopropylamino—1-phenylpropyl)-

4-formyloxymethylphenyl ester,

(i)—benzoic acid 2-(3—diisopropylamino—1—phenylpropy1)-

4-acetoxymethylphenyl ester,

R-(+)-benzoic acid 2~(3-diisopropylamino~l-phenyl-

propyl)-4—acetoxymethylphenyl ester,

(i)—isobutyric acid 4—acetoxymethyl-2-(3—diisopropy1—

amino-1-phenylpropyl)—phenyl ester,

R-(+)-isobutyric acid 4—acetoxymethyl-2-(3-diisopropyl~

amino-1—phenylpropyl)-phenyl ester,

(t)-2,2—dimethylpropionic acid 4—acetoxy-3—(3—diiso-

propylamino—1-phenylpropyl)—benzyl ester,

(i)-2,2-dimethylpropionic acid 4—acetoxymethyl—2—(3—

diisopropylamino—1-phenylpropyl)-phenyl ester,

(i)—benzoic acid 4—benzyloxy—3—(3—diisopropylamino—1—

phenylpropyl)-benzyl ester.
~\

D) Benzylic monoesters represented by the general formula V
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wherein R1 is as defined above.

Particularly preferred benzylic monoesters are listed

below:

(i)-formic acid 3-(3—diisopropylamino-1—phenylpropyl)~4-

hydroxybenzyl ester,

(i)-acetic acid 3-(3—diisopropylamino—1~phenylpropy1)-4-

hydroxybenzyl ester,

(i)~propionic acid 3-(3-diisopropylamino-1—pheny1-

propyl)-4-hydroxybenzyl ester,

(:)—butyric acid 3-(3—diisopropylamino—1—phenylpropy1)—

4-hydroxybenzyl ester,

(1)-isobutyric acid 3-(3—diisopropylamino-1-phenyl-

propyl)-4—hydroxybenzyl ester,

(i)—2,2-dimethylpropionic acid 3—(3—diisopropylamino-I-

phenylpropyl)-4-hydroxybenzyl ester,

(i)—benzoic acid 3-(3-diisopropylamino—1—phenylpropyl)—

4-hydroxybenzyl ester.

E) Ethers and silyl ethers represented by the general

formula VI
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Fomiula VI

wherein at least one of Km and Rn’is selected from C,-C5

alkyl, benzyl or -SiRaRbR¢ as defined above and the other

one of R” and R“ may additionally represent hydrogen,

C1-C5 alkylcarbonyl or benzoyl.

Particularly preferred ethers and silyl ethers are

listed below:

(i)-2-(3-diisopropylamino—1-phenylpropyl)-4-methoxy-

methylphenol,

(i)-2-(3-diisopropylamino-1-phenylpropyl)-4-ethoxy—

methylphenol,

(i)-2-(3—diisopropylamino—1-phenylpropyl)-4-propoxy-

methylphenol,

(t)-2-(3-diisopropylamino~1-phenylpropyl)—4-isopropoxy-

methylphenol,

(i)~2-(3-diisopropylamino-1—phenylpropyl)-4-butoxy-

methylphenol,

(i)—acetic acid 2-(3-diisopropylamino—1-phenylpropyl)-4-

methoxymethylphenyl ester,

(i)—acetic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

ethoxymethylphenyl ester,

(t)-2-(3-diisopropylamino—1-phenylpropyl)—4-trimethy1-

silanyloxymethylphenol,
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(i)-diisopropyl-[3-phenyl-3-(2-trimethylsilanyloxy-5-

trimethylsilanyloxymethylphenyl)-propyl]-amine,

(i)—[3-(3-diisopropylamino—l—phenylpropyl)~4—trimethyl-

silanyloxyphenyl]—methanol,

(i)-diisopropy1—[3-(5—methoxymethyl-2-trimethylsilanyl-

oxyphenyl)~3-phenylpropylamine,

(i)-diisopropyl~[3-(S—ethoxymethy1—2-trimethylsi1anyl—

oxyphenyl)-3-phenylpropylamine,

(i)-[4-(tert.-butyl-dimethylsilanyloxy)-3-(3—diiso—

propylamino-1-phenylpropyl)—pheny1]—methanol,

(i)-acetic acid 4-(tert.-butyl-dimethylsilanyloxy)-3-(3-

diisopropylamino-1—phenylpropyl)—benzyl ester,

(i)-4-(tert.—butyl-dimethylsilanyloxy)-3-(3—diisopropyl—

amino-1-phenylpropyl)—phenol,

(i)—acetic acid 4-(tert.—butyl-dimethylsilanyloxy)-2-(3-

diisopropylamino-1-phenylpropyl)-phenyl ester,

(i)—{3—[2—(tert.—buty1—dimethylsilany1oxy)—5—(tert.-

butyl—dimethylsilanyloxymethyl)—pheny1]—3éphenylpropyl}-

diisopropylamine,

(i)-[4-(tert.—buty1-diphenylsilanyloxy)~3-(3-diiso-

propylamino—l—phenylpropy1)-phenyl]-methanol,

(i)—acetic acid 4-(tert.-butyl—diphenylsilanyloxy-

methyl)-2-(3—diisopropylamino-1-phenylpropyl)—pheny1

ester,

(i)-4-(tert.-butyl-diphenylsilanyloxymethyl)-2-(3-diiso-

propylamino—l—phenylpropy1)—phenol,

(i)-(3-[2-(tert.—butyl-diphenylsilanyloxy)—5-(tert.-

butyl-diphenylsilanyioxymethyl)—phenyl]—2-phenylpropy1}-

diisopropylamine,

(i)—acetic acid 4—benzyloxy-3-(3-diisopropylamino-1-

phenylpropyl)-benzyl ester,

(i)—benzoic acid 4—benzyloxy-3-(3-diisopropylamino-1-

phenylpropyl)—benzyl ester,
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(t) — isobutyric acid 4 -benzyloxy-3 — (3 -diisoprcpylamino— 1 —

phenylpropyl) -benzyl ester,

(i)—2—(3—diisopropylamino—1-phenylpropyl)—4-(1B—D-

glucuronosyloxymethyl)—phenol.

F) Carbonates and carbamates represented by the general

formulae VII and VIII

 » ‘(K '07: 2 Y
 “::“.YFornula V" 3

Fonnula \IlIl

wherein Y, Z and n are as defined above and wherein R”

and R” represent a C1-C6 alkoxycarbonyl group or

wherein R‘ and R5 are as defined above.
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Particularly preferred carbonates and carbamates are

listed below:

(i)—N—ethylcarbamic acid 2-(3-diisopropy1amino-1-phenyl-

propyl)-4-hydroxymethylphenyl ester,

(i)-N,N—dimethylcarbamic acid 2—(3—diisopropylamino—1—

phenylpropyl)—4—hydroxymethylphenyl ester,

(i)-N,N-diethylcarbamic acid 2—(3-diisopropylamino—1-

phenylpropyl)—4—hydroxymethylphenyl ester,

(i)-N-phenylcarbamic acid 2—(3-diisopropylamino—l—

phenylpropyl)-4—hydroxymethy1phenyl ester,

(i)-[2-(3-Diisopropylamino-1—phenylpropyl)-4-hydroxy—

methyl-phenoxycarbonylamino]acetic acid ethyl ester

hydrochloride,

(i)-N-ethylcarbamic acid 3-(3~diisopropylamino-1-phenyl-

propyl)-4—N—ethylcarbamoyloxybenzyl ester,

(i)—N,N—dimethylcarbamic acid 3—(3-diisopropylamino-1-

phenylpropyl)-4-N,N—dimethylcarbamoyloxybenzyl ester,

(i)-N,N-diethylcarbamic acid 3-(3-diisopropylamino—1—

phenylpropyl)-4-N,N—diethylcarbamoyloxybenzyl ester,

(i)-N-phenylcarbamic acid 3—(3—diisopropylamino-1-

phenylpropyl)-4-N-phenylcarbamoyloxybenzyl ester,

(i)-{4-[2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxy—

methylphenoxycarbonylamino]-butyl}—carbamic acid 2-(3-

diisopropylamino—1-phenylpropyl)-4-hydroxymethylphenyl

ester,

(i)-carbonic acid 2-(3-diisopropylamino-1—phenylpropy1)-

4-hydroxymethylphenyl ester ethyl ester,

(1)-carbonic acid 2-(3-diisopropylamino-1-phenylpropyl)—

4-hydroxymethylphenyl ester phenyl ester,

(i)-carbonic acid 2-(3-diisopropylamino—1—phenylpropyl)-

4-ethoxycarbonyloxymethylphenyl ester ethyl ester,

(r)—carbonic acid 2-(3-diisopropylamino—l-phenylpropyl)-

4-phenoxycarbonyloxymethylphenyl ester phenyl ester.
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G) 3,3-Diphenylpropylamines selected from

(i) compounds of the formulae IX and IX‘

0 0NA
/K

Formuta IX

wherein o and p are the same or different and represent

the number of methylene units f CH2} and may range from

0 to 6,

(ii) (i)-Benzoic acid 2-(3—diisopropylamino—1—phenyl-

propyl)-4—sulphooxymethyl-phenyl ester

(iii) Poly—co—DL—lactides of 2-(3—diisopropylamino-

phenylpropyl)-4-hydroxymethyl—pheno1

(iv) (i)-2-(3—Diisopropylamino-1—phenylpropy1)-4~(lB-D-

glucuronosyloxymethyl)-phenol having the formula
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and

their salts with physiologically acceptable acids, their

free bases and, when the compounds can be in the form of

optical isomers, the racemic mixture and the individual

enantiomers.

The present invention, moreover, relates to processes for the

preparation of the aforementioned compounds. In particular,

according to the present invention, the following processes

are provided:

A process for the production of phenolic monoesters rep-

resented by the general formula II

Fomula II

as defined above, which comprises treatment of a compound of

the formula
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with an equivalent of an acylating agent selected from

o
n

R‘-c-LG

wherein LG represents a leaving group selected from halo-

genide, carboxylate and imidazolide and R1 is as defined

above, in an inert solvent in the presence of a conden-

sat: ing agent .

Preferably, the acylating agent is selected from

O O 0

R1 ” 1 II II 1-C-Hal or R —C-O-C-R,

wherein Hal represents a halogen atom, preferably a chlorine

atom, and R1 is as defined above.

A process for the production of phenolic monoesters repre-

sented by the general formula II‘

 
Formula II‘
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as defined above, which comprises treatment of two equiva-

lents of a compound of the formula

with an acylating agent selected from

O o o
ll ll “

Hal—C—(CH,)n—C—Hal or C

wherein Hal represents a halogen atom, preferably a chlorine

atom.

Hence, in these processes, an Intermediate B having the

formula

 

is treated with an equivalent of an acylating agent (e.g. an

acyl halogenite or acyl anhydride) in an inert solvent and in

the presence of a condensating agent (e.g. amine) to provide

phenolic monoesters of formula II or formula II’ (wherein n
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is 0-12), respectively, if polyfunctional acylating agents

(e.g. acid halides, preferably acid chlorides of dicarboxylic

acids) are used.

The Intermediate B as used in the processes for the produc-

tion of the 3,3—diphenylpropylamines according to the present

invention can be in the form of a racemic mixture or of op-

tically active compounds in accordance with the formulae

shown below:

 
 

H OH H‘ OH

/K J}
imen-nedgate R5 intermediate R-(+) Intermediate S-(-)

Alternatively, structures of formula II or II’ may be obtain-

ed by regioselective deprotection of a protected benzylic hy-

droxy group (chemically or enzymatically: T. W. Greene, P. G.

M. Wuts, "Protective Groups in Organic Chemistry", 2nd Ed.,

J. Wily & Sons, New York 1991).

The identical diesters represented by the general formula III
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as defined above can be prepared by a process which comprises

treatment of a compound of the formula

with at least two equivalents of the acylating agent

Rl—C(=O)—LG as defined above.

Thus, the aforementioned di—acyl compounds are readily acces-

sible if an at least two-molar excess of an acylating agent

is used in the above-mentioned conversion of Intermediate B

or, more general, on treatment of compounds of formula I with

acylating agents in the presence of suitable catalysts. In

the above process, the following Intermediate A

‘ Y

HO NY
A A

 

 
wherein R‘ denotes a benzyl group can be used instead of In-

termediate B. The Intermediate A can be used in the form of a

racemic mixture or of optically active compounds (similar to

Intermediate B).

Benzylic monoestes represented by the general formula V
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wherein R1 is as defined above can be prepared by a process

which comprises treatment of a compound of the formula

“Y

   
at room temperature and under anhydrous conditions with

activated esters in the presence of enzymes selected from

lipases or esterases.

Hence, this process relates to the preparation of phenols

with para acyloxymethyl substituents (cf. formula V). These

compounds can be prepared in several chemical steps from in-

termediates such as formula I, where R represents hydrogen

and R‘ is hydrogen or any suitable protective group which can

be removed by known methods (T. W. Greene, P.G.M. Wuts, "Pro-

tective Groups in Organic Chemistry", 2nd Ed., J. Wily &

Sons, New York 1991) in the presence of the newly introduced

substituent R?CO. It was found, however, that the benzylic

substituent R}CO can be introduced more conveniently and in

only one step if Intermediate 8 is treated at room tempera-
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ture and under anhydrous conditions with activated esters

(e.g. vinyl acylates, isopropenyl acylates) in the presence

of enzymes such as lipases or esterases.

The mixed diesters represented by the general formula IV

 
Formula N

wherein R1 and R2 are as defined above can be prepared by a

process which comprises acylation of the above—mentioned

benzylic monoester represented by the_general formula V

p on T \
1:,» n Y 

Fomml: V

wherein R1 is as defined above or of a phenolic monoester

represented by the general formula II

R1

YO
Y

7” 
Fannie Kl
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as defined hereinbefore.

In general, mixed diesters of formula IV can be obtained by

acylation of compounds of the general formula I wherein R

and R‘ are different substituents selected from the group

consisting of hydrogen, acyl residues or protecting groups

that are cleavable under the acylation reaction conditions.

Ethers represented by the general formula VI

© Formula VI

as defined hereinbefore wherein Rn’is hydrogen can be pre-

pared by a process which comprises reacting a compound of

the formula

with an alcohol R”-OH in the presence of an esterification

catalyst.
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A further process for the preparation of ethers represented

by the general formula VI

 
Formula VI

wherein R” and R” are as defined hereinbefore, comprises

acid or base treatment of free benzylic alcohols selected

from

H 1/ I
AA “Y

and

0-H

H. ID; \j,/
AA "Y

and

 
Fonmla ll
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or

 
Formuia VI

wherein R” is hydrogen and R11 is as defined above or

 
Formuh V"

wherein R” is hydrogen and R13 represents a C1-C6 alkoxycar~

bonyl group or

wherein R4 and R5 are as defined above

or of benzylic acylates selected from
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Q C

0 Fomula I" Fomuaiv

 
FcrmufaV

wherein R1 and R2 are as.defined hereinbefore in the presence

of suitable hydroxy reagents.

Finally, ethers of formula VI can be prepared by a process

which comprises treating a compound of the formula

wherein R” is as defined above with an alkylating agent

selected from alkyl halogenides, alkyl sulphates and alkyl

triflates, said alkyl group having 1 to 6 carbon atoms.
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In summary, regioselective modification of the benzylic hy-

droxy groups is achieved either by acid or base treatment of

benzylic acylates in the presence of suitable hydroxy re-

agents (e.g. alcohols) or by catalytic ether formation as

described in the literature for other benzylic substrates

(J.M. Saa, A. Llobera, A. Garcia-Raso, A. Costa, P.M. Deya;

J. Org. Chem. 53: 4263-4273 [1988]). Both free benzylic al-

cohols such as Intermediates A and B or compounds of formulas

II or VI (in which R” is hydrogen) or formula VII (in which

Rn is hydrogen) as well as benzylic acylates such as formu-

lae III, IV, V may serve as starting materials for the pre-

paration of benzylic ethers (B. Loubinoux, J. Miazimbakana,

P. Gerardin; Tetrahedron Lett. 30: 1939-1942 [1989]).

Likewise the phenolic hydroxy groups.are readily transformed

into phenyl ethers (Ru = alkyl) using alkylating agents such

as e.g. alkyl halogenides, alkyl sulphates, alkyl triflates

or employing Mitsunobu type reaction conditions (Synthesis

1981, 1-28). Similarly, both phenolic and alcoholic monosilyl

ethers are obtained by regioselective silylation or by

desilylation of bis-silyl ethers of Intermediate 3 as de-

scribed for other compounds in the literature (J. Paladino,

C. Guyard, C. Thurieau, J.-L. Fauchere, Helv. Chim. Acta 76:

2465-2472 [1993]; Y. Kawazoe, M. Nomura, Y. Kondo, K. Kohda,

Tetrahedron Lett. 26: 4307-4310 [1987]).

carbonates and carbamates represented by the general formulae

VII and VIII
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A A

He , ,3
/%i /\

R1: (‘Cl-£z)r°

A Y oY'z
R"’°/\ Kr t O YA A He

o A A
Formula W 0

Formula VNI

as defined hereinbefore can be prepared by a process which

comprises reacting a compound selected from the group con-

sisting of
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Funmlav

R11

6

R1a’° \NC

A A 0 '
Forrnulavlp

wherein R1 is defined as above, n is 0 to 12, En is benzyl,

Rm or Rn is hydrogen with activated carbonyl compounds or

carbonyl precursor reagents selected from haloformates,

ketenes, activated esters, mixed anhydrides of organic or

inorganic acids, isocyanates and isothiocyanates.

The coupling reactions can be carried out in inert solvents

over periods of several hours at temperatures from -10°C to

the refluxing temperature of the solvent or reagent used to

provide compounds of the general formula VII where Rn repre-

sents hydrogen, alkyl, aliphatic or aromatic acyl, or car-

bamoyl, and R” represents -C(=O)—Y-R3, wherein Y and R3 rep-

resent O, S, NH and alkyl or aryl, respectively. Polyfunc—

tional reagents give the corresponding derivatives. For ex-

ample, diisocyanates or di-carbonylchlorides provide com-

pounds of formula VIII where X, Y have the meaning of O, S,

or NH and n is zero to twelve.
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The invention, moreover, relates to pharmaceutical composi-

tions comprising one or more of the aforementioned 3,3-di-

phenylpropylamines. In other words, the compounds according

to the present invention can be used as pharmaceutically

active substances, especially as antimuscarinic agents.

They can be used for preparing pharmaceutical formulations

containing at least one of said compounds.

The compounds according to the present invention in the form

of free bases or salts with physiologically acceptable acids,

can be brought into suitable galenic forms, such as composi-

tions for oral use, for injection, for nasal spray adminis-

tration or the like, in accordance with accepted pharmaceu-

tical procedures. Such pharmaceutical compositions according

to the invention comprise an effective amount of the com-

pounds of claims 1 to 15 in association with compatible phar-

maceutically acceptable carrier materials, or diluents, as

is well known in the art. The carriers may be any inert ma-

terial, organic or inorganic, suitable for enteral, percuta-

neous or parenteral administration, such as water, gelatine,

gum arabicum, lactose, microcrystalline cellulose starch,

sodium starch glycolate, calcium hydrogen phosphate, magne-

sium stearate, talcum, colloidal silicon dioxide, and the

like. Such compositions may also contain other pharmaceu-

tically active agents, and conventional additives, such as

stabilizers, wetting agents, emulsifiers, flavouring agents,

buffers, and the like.

The composition according to the invention can e.g. be made

up in solid or liquid form for oral administration, such as

tablets, capsules, powders, syrups, elixirs and the like, in
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the form of sterile solutions, suspensions or emulsions for

parenteral administration, and the like.

The compounds according to the invention may be used in a

patch formulation. The compounds can be administered trans-

dermally with a reduced incidence of side effects and im-

proved individual compliance.

The compounds and compositions can, as mentioned above, be

used for the treatment of urinary incontinence and other

spasmogenic conditions that are caused by muscarinic mech-

anisms. The dosage of the specific compound will vary de-

pending on its potency, the mode of administration, the age

and weight of the patient and the severity of the condition

to be treated. The daily dosage may, for example, range from

about 0.01 mg to about 5 mg, adminstered singly or multiply

in doses e.g. from about 0.05 mg to about 50 g each.

The invention will be further illustrated by the following

non—limiting examples and pharmacological tests.

I. Experimental

1. General

All compounds were fully characterized by 1H and “C NMR

spectroscopy (Bruker DPX 200). The chemical shifts reported

for “C NM spectra (50 MHz, ppm values given) refer to the

solvents CDCl3 (77.10 ppm), dideuterio dichloromethane

(CD2Cl,, 53.8 ppm), CE5OD (49.00 ppm) or hexadeuterio di-

methylsulphoxide (DMSO-d5, 39.70 ppm), respectively. 1H NMR

data (200 Mz, ppm) refer to internal tetramethylsilane).
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Thin—layer chromatography (tlc, R5 values reported) was

conducted on precoated 5x10 cm E. Merck silica gel plates

(60F2S4), spots were visualized by fluorescence quenching or

spaying with alkaline potassium permanganate solution.

Solvent systems: (1), ethyl acetate/n—hexane (30/70, v/v-

%);(2), toluene/acetone/methanol/acetic acid (70/5/20/5, v/v-

%); (3), n—hexane/acetone/diethylamine (70/20/10, v/v—%);

(4), n-hexane/acetone/triethylamine (70/20/10, v/v-%); (S),

ethyl acetate/n-hexane/2—propanol/triethylamine (60/40/20/1,

v/v—%); (5), ethyl acetate/triethylamine (90/10, v/v—%); (7),

cyclohexane/acetone/acetic acid (80/20/0.5, v/v-%).

Optical rotations were measured at 589.3 nm and room tempera-

ture on a Perkin Elmer Polarimeter Type 241.

Melting points (mp) reported are uncorrected and were deter-

mined on a Mettler PP 1 instrument.

IR spectra were taken from a Perkin—Elmer FTIR spectrometer

Series 1610, resolution 4 cm4.

Gas chromatography-mass spectrometry (GC—MS): spectra (m/z

values and relative abundance (%) reported) were recorded on

a Finnigan TSQ 700 triple mass spectrometer in the positive

(P-CI) or negative (N—CI) chemical ionization mode using

methane or ammonia as reactant gas. Hydroxylic compounds

were analyzed as their trimethylsilyl ether derivatives.

Combined liquid chromatography-mass spectrometry (LC—MS):

Waters Integrety System, Thermabeam Mass Detector (BI, 70

eV), m/z values and relative abundance reported.

2. Synthesis of Intermediates A and B

3-Phenylacrylic acid 4-braophenyl ester

An ice-cooled solution of 4-bromophenol (69.2 g) and cinnamo-

yl chloride (66.8 g) in dichloromethane (150 ml) was treated

with triethylamine (40.6 g). After stirring for 18 hrs at
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room temperature the mixture was washed with water (250 ml),

1 M aqueous HCl, and dried over anhydrous sodium sulphate.

Evaporation in vacuum left solid 3-phenylacrylic acid 4-bro-

mophenyl ester (121.0 g, 99.8% yield), m.p. 113.3°C, tlc: (1)

0.83. NMR(CDCl3): 116.85, 118.87, 123.49, 128.38, 129.06,

130.90, 132.49, 134.02, 147.07, 149.84, 165.06.

(i)-6—Bromo-4-phenylchroman-2—one

A portion of the ester (60.0 g) was dissolved in a mixture

of acetic acid (60 ml) and concentrated sulphuric acid (18

ml) and refluxed for 2 hrs. After cooling, the reaction mix-

ture was poured into ice water and the product was isolated

by extraction with ethylacetate. Evaporation of the solvent

and recrystallization of the residue from boiling ethanol

(150 ml) yielded 26.3 g (43.8% yield) of pure, crystalline

(i)-6-bromo—4—phenylchroman—2—one, m.p. 117.8°C, tlc: (1)3

0.67. NMR (CDCI3): 36.56, 40.51, 117.29, 118.87, 127.47,

, 127.89, 128.33, 129.32, 131.07, 131.79, 139.42, 150.76,

166.84.

(t)-3-(2—Benzy1oxy-5—bromopheny1)-3-phenylpropionic acid

methyl ester

A suspension consisting of (i)-6-bromo-4-phenylchroman—2-one

(85.0 g), anhydrous potassium carbonate (46.7 g), sodium

iodide (20.5 g) and benzyl chloride (40.6 g) in methanol

(350 ml) and acetone (350 ml) was refluxed for 3 hrs. After

evaporation of the solvents the residue was extracted with

diethyl ether (2 x 300 ml) and the extract was washed with

water (2 x 200 ml) and aqueous sodium carbonate. Drying

(Na2SO4) and rotoevaporation left 121.8 g (102.l% crude

yield) of (i)-3-(2—benzy1oxy—5-bromqphenyl)-3—phenylpropionic

acid methyl ester as a light yellow oil, tlc: (1) 0.77; NMR

(CDCI3): 39.22, 40.53, 51.63, 70.16, 113.10, 113.77, 126.46,
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126.92, 127.88, 128.08, 128.34, 128.45, 130.31, 130.55,

134.41, 136.44, 142.37, 154.94, 172.08.

(i)-3-(2-Benzy1oxy—5-bromophenyl)-3-phenylpropionic acid

A solution of (i)-3-(2-benzyloxy—5-bromophenyl)—3—phenyl-

propionic acid methyl ester (0,391 g, 0,92 mmol) in ethanol

(5 ml) was treated at 50°C with excess aqueous sodium hydro-

xide solution until the milky emulsion became clear. The

reaction mixture was then acidified (pH 3), evaporated and

extracted with dichloromethane. The organic extract was eva-

porated and the remaining oil was redissolved in a minimum of

boiling ethanol. The precipitation formed after 18 hrs at 4°C

was filtered off and dried in vacuo to yield 0,27 g (71.4%)

of (i)-3-(2—Benzyloxy)-5-bromophenyl)-3-phenylpropionic acid,

colourless crystals, m.p. 124.9°C; tlc: (1) 0.15 (starting

material methyl ester 0.75); NMR (CDCl3): 39.15, 40.26,

70.25, 113.21, 113.90, 126.62, 127.27, 127.98, 128.17,

128.47, 128.54, 130.46, 130.68, 134.34, 136.45, 142.16,

154.95, 177.65. LC-MS: 412/410 (14/11%, ML), 394/392

(15/13%), 321/319 (17/22%), 304/302 (17/21%), 259 (24%), 194

(22%), 178 (21%), 167 (65%), 152 (49%), 92 (100%). IR (KBr):

3434, 3030, 1708, 1485, 1452, 1403, 1289, 1243, 1126, 1018,

804, 735, 698, 649. Calculated for C;§fi9BrO3 (mol-wgt.

-411.30): C 64.25%, H 4.66%, Br 19.43%, 0 11.67%; found:

C 63.72%, H 4.70%, Br 19.75%, 0 11.80%.

Alternatively, the crude reaction mixture from the above de-

scribed synthesis of (r)-3-(2-benzyloxy-5-bromophenyl)-3-

phenylpropionic acid methyl ester was evaporated, redissolved

in warm ethanol, and treated with excess aqueous potassium

hydroxide solution. Acidification to pH 3 (conc. hydrochloric

acid) and cooling to 4°C resulted in the formation of a sol-

id, which was filtered off after 18 hrs, washed repeatedly

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1135



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1136

W0 99/58478 PCT/EP99/03212

_ 40 _

with water and dried to yield (i)-3-(2—benzyloxy—5-bromo-

phenyl)-3-phenylpropionic acid in 82% yield.

a) Resolution of 3-(2—benzy1oxy-5—bromopheny1)-3-

phenylpropionic acid

R-(-)-3-(2—Benzy1oxy-5-bromophenyl)-3-phenylpropionic acid

Warm solutions of (i)-3-(2—benzy1oxy—5-bromophenyl)-3-phenyd—

propionic acid (815.6 g, 1.85 mol) and 1S,2R-(+)—ephedrine

hemihydrate (232.1 g, 1.85 mol) in 2000 ml and 700 ml, re-

spectively, of absolute ethanol were combined and then al~

lowed to cool to 0°C. The precipitate formed was collected,

washed with cold ethanol and dried in vacuum to give 553.2 g

of the ephedrinium salt of the title compound (m.p. 153°C,

e.e. 65% as determined by NMR and HPLC). The salt was recrys-

tallized twice from boiling ethanol to give R—(-)-3-(2-

benzyloxy-5-bromophenyd)-3—pheny1propionic acid 1S,2R—(+)-

ephedrinium salt in 75% yield, colourless crystalls, m.p.

lS8.6°C, e.e. 97.6% (HPLC). NMR (CDCI3): 9.53, 30.90, 41.54,

42.83, 61.45, 70.15, 70.42, 113.05, 113.68, 125.89, 126.03,

127.33, 127.85, 128.19, 128.28, 128.45, 129.86, 130.70,

135.91, 136.65, 140.40, 144.09, 155.20, 178.94.

1.2 g (2.0 mol) of the ephedrinium salt were dissolved in a

mixture of acetone (5 ml) and ethanol (10 ml). After treat-

ment with water (0.4 ml) and cone. (37%) aqueous hydrochloric

acid (0.34 ml), the solution was evaporated in vacuum, and

the residue was redissolved in 1M aqueous hydrochloric acid

(2 ml) and dichloromethane (10 ml). The organic phase was

separated, washed twice with water (2 ml), and evaporated to

dryness to give R—(-)-3-(2—Benzyloxy-5-bromophenyl)-3-phenYl-

propionic acid as a colourless oil which slowly solidified

(0.4 g, 98% yield), m.p. l0S.6°C (from ethyl acetate/n-
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heptane); tlc: (7) 0.21; [a],f° = -21.1 (c = 1.0, ethanol),

e.e. 99.9% (HPLC). NMR: identical with the racemic acid.

S—(+)-3-(2-Benzy1oxy-5-bromophenyl)-3—pheny1propionic acid

The combined mother liquids from the above resolution and

recrystallizations were treated under stirring and cooling

(18°C) with excess conc. aqueous hydrochloric acid. The pre-

cipitate (ephedrinium hydrochloride) was filtered off, and

the filtrate was evaporated to dryness. The residue was re-

dissolved in dichloromethane (1.5 litre) and then washed with

several portions of 1 M aqueous hydrochloric acid followed by

water. After drying (Na2SO4), filtration, and evaporation

479 g of crude S—(+)—3-(2-benzyloxy—5—bromophenyl)-3—pheny1~

propionic acid were obtained as a yellow viscous oil. The

pure S-(+) enantiomeric acid was converted into the 1R,2S-

(-)-ephedrine salt as described above for the R—(-) acid. Two

recrystallizations from boiling ethanol provided colourless

crystals of S-(+)-3-(2—benzy1oxy-5—bromopheny1)-3—pheny1—

propionic acid lR,2S—(-)-ephedrinium salt in 83% yield, m.p.

158.7°C, e.e. 97.8% (HPLC). NMR (CDCI3): 9.47, 30.85, 41.54,

42.92, 61.48, 70.13, 70.30, 113.04, 113.66, 125.89, 126.01,

127.32, 127.84, 128.18, 128.44, 129.83, 130.68, 135.94,

136.63, 140.44, 144.13, 155.19, 178.94.

S-(+)-3-(2-Benzyloxy-5-bromophenyl)-3—pheny1propionic acid

was obtained in quantitative yield from this ephedrinium salt

by the method described above for the R—(-) acid, tlcz (7)

0.20, e.e. (NMR) > 99%, mp 10s.5°c,- [a],,”° = +22.6 (c = 1.0,

ethanol); NMR: identical with the racemic acid.
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b) Enantioselective Synthesis of R-(-)- and S-(+)-3-(2-

benzyloxy-5-bromophenyl)-3-phenylpropionic acid

QR OBn OBn OYO
r .R_=.E_". / OH :-—> / NB CHO Br Br R

O 0
R = H

R = 5n (benzyl)

\ OBn

‘ Z 5 OH IBr  
2-Benzyloxy-5-bromobenzaldehyde

To a solution of 0.1 mol of 5—bromo-2—benzaldehyde in THF

(150 ml) was added 0.1 mol of K§CO3 and 0.11 mol of benzyl

bromide. The mixture was refluxed for 2 hrs and water (500

ml) was added. After addition of ethyl acetate (400 ml) and

stirring the organic layer was washed with water, dried

(sodium sulphate) and evaporated to dryness. The resulting

slightly yellow solid of pure (tlc) 2-benzyloxy-5-bromo-

benzaldehyde was used as such in the next step.

3-(2-Benzyloxy-5-bromophenyl)-acrylic acid

A mixture of 2—benzyloxy-5—bromobenzaldehyde (0.10 mol),

malonic acid (15.0 g), and piperidine (2.0 ml) in 150 ml of

pyridine was first heated at 90°C for 90 min and subsequently

refluxed for 0.5 hrs. After cooling to room temperature, the

reaction was poured on a mixture of ice (1 kg) and con-

centrated aqueous hydrochloric acid (250 ml). The solid
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as

material that precipitated after stirring for 4 hrs. was

collected by suction and recrystallized from a minimum of

boiling methanol.

3-[3-(2-Benzy1oxy-5-bromophenyl)-acryloyll-(4R)-4-phenyl-

oxazolidin-2-one

Pivaloylchloride (7 g) was added dropwise at ~30°C to a

stirred solution of 3-(2-benzy1oxy—5—bromophenyl)—acrylic

acid (50.0 mmol) and triethylamine (15.0 ml) in 200 ml of

tetrahydrofuran. After an additional hour the temperature was

lowered to —50°C and (R)-2-phenyloxazolidin-2-one (9.0 g) and

lithium chloride (2.5 g) were added in one portion. The cool-

ing bath was then removed and stirring was continued over 18

hrs. The reaction was diluted with water and 3—(3—(2—benzyl-

oxy-S—bromophenyl)—acryloyl]—(4R)-4—phenyloxazolidin—2-one

was isolated by extraction with ethyl acetate.

3-[3-(2-Benzy1oxy-5—bromopheny1)-(3S)—3—phenylpropiony1]-

(4R)-4-pheny1oxazolidin—2-one

To a precooled (—30°C) mixture of copper-(I) chloride

(21.0 g) and dimethylsulfide (45 ml) in dry tetrahydrofuran

(150 ml) was added dropwise an ethereal solution of phenyl-

magnesiumbromide (0.3 mol). The mixture was stirred 20 min at

the same temperature and then cooled to —40°C. A solution of

3-[3-(2-Benzyloxy-5—bromophenyl)-acryloyl]-(4R)-4—phenyl-

oxazolidin—2~one (50.0 mmol) in dry tetrahydrofuran (150 ml)

was added during 10 min. The cooling bath was removed and

stirring was continued for 18 hrs. The mixture was quenched

with half-saturated aqueous ammonium chloride solution and

the product was isolated by extraction with ethyl acetate.
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S-(+)-3-(2—Benzy1oxy-5—bromopheny1)-3—pheny1propionic acid

A solution of the above described 3-[3—(2—benzyloxy—5-bromo—

phenyl)-(3S)-3-phenylpropionyl]-(4R)-4—phenyloxazolidin—2-one

in tetrahydrofuran (300 ml) and water (100 ml) was cooled to

0°C and then treated with 30% aqueous hydrogen peroxide (20

ml) followed by solid lithium hydroxide (4.3 g). Water was

added after 2 hrs and the chiral auxiliary was removed by

extraction with ethyl acetate. The aqueous phase was acidi-

fied with aqueous hydrochloric acid (10%) and crude S-(+)-3-

(2-benzy1oxy-5-bromophenyl)-3—phenylpropionic acid was ex-

tracted with tert.—buty1-methylether.

HPLC analysis (Chiralpak AD, mobile phase hexane/2—propan—

ol/trifluoro acetic acid [92:8:0.1, vol/vol-%); flow 1.0

ml/min, detection 285 nm) indicated an enantiomeric ratio

93:7 (retention times 14.8 min and 11.5 min, respectively).

The e.e. of 86% of the S-(+) enantiomer can be improved to

>98.5% by recrystallization of the diastereomeric salts using

"nitromix" (Angew. Chem. Int. Ed. Engl. 1998, Vol. 37, p.

2349) or (1R,2S)-(—)—ephedrine hemihydrate as described

above. The S-(+)-3-(2-benzyloxy—5-bromophenyl)-3—phenyl—

propionic acid was isolated after acidification of aqueous

solutions of the diastereomeric salts. It forms colourless

crystals which gave an optical rotation of [a]Dn = +21.6

(C = 0.5, MeOH) .

R-(-)-3-(2-Benzy1oxy-5-bromophenyl)-3-phenylpropionic acid

Conjugate organocuprate addition of phenylmagnesiumbromide to

3-[3-(2-benzyloxy-5—bromophenyl)-acryloyl]-(4S)-4-phenoy1oxa-

zolidin—2-one as described above for the S—(+)enantiomer gave

crystalline R-(—)-3-(2-benzyloxy—5—bromophenyl)-3-phenyl-

propionic acid in an e.e. of 99.6% after two recrystalliza-
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tions, [a]D” = -21.7 (c = 0,5, MeOH).

c) Synthesis of the R— and S- Enantiomers of Intermediate B

(i) Phenylpropanol Route

3' Br 3|’ Br

_, _. _.0,Bn 0,Bn o,Bn B 0.BnO , O OH 2 O
(8-Pr):

(i)—3—(2-Benzy1oxy-5-bromophenyl)-3-phenylpropan-1-o1

A solution of the methyl(:)-propionate (121.0 g) in 350 ml of

dry tetrahydrofuran was slowly added under an atmosphere of

nitrogen to a suspension of lithium aluminiumhydride (7.9 g)

in tetrahydrofuran (350 ml). After stirring at room tempe-

rature for 18 hrs, 20% aqueous HCl was added dropwise and

the product was isolated by repeated extraction with diethyl

ether. The combined extracts were gradually washed with

hydrochloric acid, sodium hydroxide solution, distilled

water, and then dried (Na2SO4) to give a light yellow viscous

oil (108.8 g, 96.3% yield) after evaporation which gradually

crystallized, m.p. 73.8°C, tlc: (1) 0.47, (i)—3—(2-benzy1oxy—

5-bromophenyl)—3—pheny1propan-1-ol. NMR (CDCl3): 37.52,

39.52, 60.84, 70.54, 113.54, 113.83, 126.29, 127.30, 127.51,

129.99, 128.24, 128.38, 129.99, 130.88, 135.69, 136.40,

143.53, 155.12.

The same product was obtained after reduction of <:)—3-(2-

benzyloxy—5-bromophenyl)—3—pheny1propionic acid with lithium

aluminium hydride in tetrahydrofuran (30 min, 25°C), 31%

yield.
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(:)—To1uene-4-sulphonic acid 3-(2-benzyloxy-5-bromophenyl)-3-

phenylpropyl ester

A cooled (5°C) solution of (1)-3-(2-benzyloxy-5—bromopheny1)-

3-pheny1propan—l-ol (108.0 g) in dichloromethane (300 ml) was

treated with pyridine (79.4 ml) and then p—to1uenesu1phony1

chloride (60.6 g) in dichloromethane (200 ml). After 18 hrs.

at room temperature the solvent was removed in vacuum and the

residue was extracted with diethyl ether. The extract was

washed with hydrochloric acid, water, and dried over anhyd-

rous sodium sulphate to give (i)-toluene-4—sulphonic acid 3-

(2-benzy1oxy—5-bromophenyl)-3-phenylprqpyl ester as a light

yellow oil after concentration under reduced pressure (140.3

g, 93.6% yield), tlc: (1) 0.66. NMR (CDCI3): 21.67, 33.67,

39.69, 68.58, 70.28, 113.21, 113.76, 126.47, 127.84, 128.10,

128.25, 128.41, 128.51, 129.81, 130.26, 130.42, 132.91,

134.39, 136.41, 142.16, 155.07.

(i)-[3-(2—Benzy1oxy-5-bromophenyl)-3-phenylpropyl]-diiso-

propylamine

A solution of the (i)-toluenesulphonate ((i)—toluene-4-su1-

phonic acid 3-(2-benzyloxy-5-bromophenyl)-3-phenylpropyl

ester, 139.3 g) in acetonitrile (230 ml) and N,N-diiso—

propylamine (256 g) was refluxed for 97 hrs. The reaction

mixture was then evaporated to dryness and the residue thus

formed was partitioned between diethyl ether (500 ml) and

aqueous sodium hydroxide (2 M, 240 ml). The organic phase was

washed twice with water (250 ml) and then extracted with 1 M

sulphuric acid. The aqueous phase was adjusted to about pH

12-13 and reextracted with ether (500 ml). The organic phase

was washed with water, dried (Na2SO,) and evaporated to

provide (1)-[3-(2-benzyloxy-5-bromophenyl)-3-pheny1propyl]-

diisopropylamine as a brown and viscous syrup (94.5 g, 77.9%
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yield), tlc: (2) 0.49. NMR (CDCI3): 20.65, 20.70, 36.70,

41.58, 43.78, 48.77, 70.24, 113.52, 126.02, 127.96, 128.20,

128.36, 129.82, 130.69, 136.34, 136.76, 144.20, 155.15.

(ii) Phenylpropionamide Route

S-(+)-3-(2—Benzyloxy-5-bromophenyl)-3-phenylpropionyl

chloride

Thionylchloride (4.5 g, 2.8 ml, 37.8 mmol) and some drops of

dimethylformamide were added to a solution of S—(+)-3-(2-

benzyloxy—5-bromophenyl)-3—phenylpropionic acid (10.3 g, 25

mmol) in ethyl acetate (60 ml). The mixture was refluxed

until tlc control indicated complete consumption of the

starting material (2 hrs). Evaporation in vacuum gave the

acid chloride as a light yellow liquid in almost quantitative

yield (10.7 g). Conversion of an aliquot to the methyl ester

showed a single spot in tlc (Rf 0.54, solvent system (7)).

S-(+)-N,N-Diisopropy1-3-(2—benzy1oxy-5-bromophenyl)-3-

phenylpropionamide

A solution of S-(+)-3-(2-benzyloxy-5-bromophenyl)—3-phenyl-

propionyl chloride (9.6 g, 22.3 mmol) in ethyl acetate (40

ml) was added dropwise to a stirred and cooled (3°C) solution

of diisopropylamine (6.4 g, 49.0 mol) in 60 ml of ethyl

acetate. The reaction was stirred for 18 hrs at room temper-
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ature and then washed with water, aqueous hydrochloric acid

(1 M) and half saturated brine. The organic phase was dried

(sodium sulphate) and evaporated to dryness. The colourless

oily residue (10.7 g, 97% yield) of S-(+)-N,N-diisopropyl-3-

(2-benzyloxy—5-bromophenyl)-3-phenylpropionamide showed a

single spot on tlc: (Rf 0.70 (4)). NMR (CDCl3): 18.42, 20.46,

20.63, 20.98, 39.51, 41.44, 45.76, 48.63, 70.00, 112.84,

113.64, 126.10, 126.45, 127.34, 127.78, 128.20, 128.36.

129.93, 130.59, 135.18, 136.52, 143.52, 155.17, 169.61.

(i)-N,N-Diisopropy1-3-(2-benzy1oxy-5-bromophenyl)-3-pheny1-

propionamide

The amide was prepared from diisopropylamine and the racemic

acid chloride as described above for the S—(+) enantiomer.

The viscous colourless oil was dissolved in ethanol and the

solution stored at —30°C. From this solution colourless crys-

tals were obtained, m.p. 101.8°C.

(i)-[3-(2—Benzyloxy-5-bromophenyl)-3-phenylpropyl]-diiso-

propylamine

To a stirred solution of (i)-N,N—diisopropyl—3-(2-benzyloxy-

S—bromophenyl)-3-phenylpropionamide (11.8 g) in 40 ml of dry

tetrahydrofuran was added 1 M lithium aluminium hydride/te-

trahydrofuran (36 ml). The reaction was refluxed for 4 hrs

and then quenched with the dropwise addition of water. After

removal of the precipitate the solvent was evaporated and the

oily residue dissolved in diluted sulphuric acid. The aqueous

phase was washed several times with diethyl ether, adjusted

to pH 10-12 (aqueous NaOH), and extracted with diethyl ether.

The extract was dried (sodium sulphate), filtered and eva-

porated to dryness in vacuum to leave 8.1 g (76.7%) of the

title compound as a viscous colourless oil, tlc:(4) 0.86. The

NMR spectrum corresponds to the product, obtained from the
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tosylate precursor (see above).

S-(+)—[3-(2-Benzyloxy-5-bromophenyl)-3-phenylpropyll-diiso-

propylamine

Repetition of the reaction sequence by using S-(+)-3-(2-

benzyloxy-5-bromophenyl)-3-phenylpropionic acid as the

starting material gave S-(+)—[3-(2—Benzyloxy—5-bromophenyl)-

3-phenylpropyl]—diisopropylamine as a viscous colourless oil,

[a];2 = +l8.5 (c = 10.0, ethanol), e.e. of a representative

batch 99 .495

R—(-)-[3-(2-Benzyloxy-5-bromophenyl)—3—phenylpropy1]-diiso-

propylamine

Repetition of the reaction sequence by using R—(—)—3-(2-

benzyloxy—5-bromophenyl)-3-phenylpropionic acid as the start-

ing material gave R-(-)-[3-(2-Benzyloxy-5—bromophenyl)-3-

phenylpropyl]-diisopropylamine as a viscous colourless oil,

[a];2 = -17.3 (c = 10.0, ethanol), e.e. of a representative

batch 98.3%.

The optical purities were determined by chiral HPLC using

Chiralpak OD columns.

(i)-4-Benzyloxy-3-(3-diisopropy1amino—1-phenylpropyl)-benzoic

acid hydrochloride

An ethereal Grignard solution, prepared from the above (i)-

amine (22.8 g), ethyl bromide (17.4 g) and magnesium (6.1 g)

under an atmosphere of nitrogen was diluted with dry tetra-

hydrofuran (200 ml) and then cooled to -60°C. Powdered solid

carbon dioxide (ca. 50 g) was then added in small portions

and the green reaction mixture was warmed to room tempe-

'rature- After the addition of an aqueous solution of ammonium

chloride (200 ml, 10%) and adjustment of the aqueous phase to
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pH 0.95, a white solid was recovered by filtration to provide

(i)-4-benzy1oxy-3-(3-diisopropylamino—l—phenylpropy1)-benzoic

acid hydrochloride (14.7 g, 64.3% yield), m.p. 140°C (dec.),

tlc: (2) 0.33. NMR (CD3OD): 17.07, 18.77, 33.55, 43.27,

56.50, 71.50, 112.89, 124.10, 127.94, 129.07, 129.25, 129.34,

129.59, 129.66, 130.18, 131.60, 132.78, 137.60, 143.30,

161.11, 169.70.

(i)-[4—Benzyloxy—3—(3-diisopropy1amino-1-phenylpropyl)—

phenyll—methano1

Intermediate A (n-= 1)

The (i)-hydrochloride was converted into its methyl ester

(MeOH, trace sulphuric acid, 6h reflux) and the free oily

base thus obtained (28 g; tlc (2): Rf 0.46) was dissolved in

dry diethyl ether (230 ml). This solution was slowly (2h)

dropped under a nitrogen atmosphere to a suspension of

lithium aluminium hydride (1.8 g) in ether (140 ml). After

stirring for 18 hrs, the reaction was quenched by the addi-

tion of water (4.7 ml). The organic phase was dried over

anhydrous sodium sulphate, filtered and evaporated to dryness

to provide (i)—[4—benzy1oxy—3-(3-diisopropylamino—1—pheny1-

propyl)—phenyl]-methanol (26 g, 98.9% yield), as an oil

which gradually crystallized, m.p. 86.4°C, tlc: (2) 0.32.

NMR (CDCI3): 20.53, 20.61, 36.87, 41.65, 44.14, 48.82, 65.12,

70209, 111.80, 125.77, 125.97, 126.94, 127.55, 128.08,

128.37, 128.44, 133.27, 134.05, 134.27, 137.21, 144.84.

O-Bn YH0 0 Intermediate A
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(i)-[4-Benzy1oxy-3-(3-diisopropy1amino-1-phenylpropyl)—

phenyl] - [c’n1 methanol

Intermediate dz-A (n = 2)

Repetition of the above described reduction of the methyl-

ester of (i)—4—benzy1oxy-3-(3-diisopropylamino-l—pheny1-

propyl)-benzoic acid by the use of lithium aluminium deu-

teride gave (i)—[4~benzyloxy-3-(3-diisopropylamino-1—phenyl—

propy1)—phenyl]-[C2H]methanol, colourless amorphous solid in

77% yield; tlc: (2) 0.33. NMR (CDCI3): 20.46, 20.55, 36.77,

41.62, 44.09, 48.77, multiplett centred at 64.96, 70.05,

111.76, 125.72, 127.34, 128.03, 128.32, 128.38, 133.15,

133.99, 137.17, 144.80, 155.52.

(i)-2-(3-Diisopropy1amino-1-phenylpropyl)-4-hydroxymethy1¥

phenol

Intermediate B (n = 1)

A solution of Intermediate A (9.1 g) in methanol (100 ml) was

hydrogenated over Raneynickel (4.5 g) under ambient condi-

tions. After 5 hrs thin layer chromatography indicated com-

plete hydrogenolysis. The catalyst was filtered off and the

solution evaporated to dryness to leave an oil (6.95 g, 96.5%

yield) which gradually solidified, (i)-2-(3-diisopropy1amino—

1-phenylpropyl)-4-hydroxymethylphenol, m.p. 50°C, tlc: (2)

0.15. NMR (CDCI3): 19.42, 19.83, 33.22, 39.62, 42.27, 48.27,

65.19, 118.32, 126.23, 126.55, 127.47, 128.33, 132.50,

144.47, 155.38.

Hydrochloride: colourless crystalls, m.p. 187—190°C (with

decomposition)
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lntennediate B 
S-(-)-2-(3—Diisopropy1amino-l—phenylpropy1)-4-hydroxymethy1-

phenol

Hydrogenolysis of S—(—)-[4—benzy1oxy—3—(3—diisopropylamino—l—

phenylpropyl)—pheny1]—methanol (prepared from S—(+)-3—(2-

benzyloxy—5-bromophenyl)-3-phenylpropionic acid as described‘

for the racemic series) gave the title compound in 85% yield,

colourless solid; m.p. 2 50°C, [ahfz = -19.8 (c = 1.0,

ethanol); NMR (CDCI3): 19.58, 19.96, 33.30, 39.52, 42.10,

48.00, 65.40, 118.58, 126.31, 126.57, 127.16, 127.54, 128.57,

132.63, 132.83, 144.55, 155.52.

S-(+) hydrochloride: colourless, non-hygroscopic solid, m.p.

1ae.4°c (dec.),- M1,,” = +6.6 (c = 0.5, water). NMR (DMSO-d6):

16.58, 18.17, 31.62, 41.37, 45.90, 54.02, 63.07, 115.18,

126.05, 126.37, 128.03, 128.45, 129.04, 133.12, 143.88,

153.77.

R-(+)-2-(3-Diisopropy1amino-1-phenylpropyl)-4-hydroxymethyl-

phenol

Hydrogenolysis of R—(+)—[4—benzyloxy—3-(3-diiS0PrQPY1amiHO'1'

phenylpropyl)—pheny1]—methanol (prepared from R-(-)—3-(2-

benzyloxy—5—bromophenyl)-3-phenylpropionic acid as described

for the racemic series) gave the title compound in 87% yield,
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colourless solid; m.p. 2 50°C, [a]D“ = +21,3 (c 1,0,

ethanol).

R—(-) hydrochloride: colourless, non-hygroscopic solid, m.p.

179.e°c (dec.); [a],,” = -7.2 (c = 0.5, water); NMR (DMSO-d5):

16.59, 18.19, 31.64, 41.38, 45.92, 54.07, 63.08, 115.19,

126.07, 126.39, 128.04, 128.46, 129.05, 133.13, 143.89,

153.79.

S—(+)-mandelatez m.p. l39.7°C, [a]Dn = +38.3 (C 1.0,

ethanol)

(1)-2-(3-Diisopropy1amino-1-phenylpropyl)-4-hydroxy-

Efiglmethyl-phenol

Intermediate dz-B (n = 2)

A stirred suspension of lithium aluminium deuteride (0.1 g,

2.38 mmol) in 5 ml of dry diethyl ether was treated during 30

min at room temperature under an atmosphere of dry nitrogen

with a solution of (i)-4—benzyloxy—3-(3-diisopropylamino-1-

pheny1propyl)~benzoic acid methyl ester (1.0 g, 2.17 mmol) in

dry diethyl ether (5 ml). After an additional stirring at

room temperature for 18 hrs the reaction was quenched by the

dropwise addition of 0.17 ml of fire. The resultant precipi-

tation was filtered off, washed with small portions of ether,

and the combined organic phases were evaporated to dryness in

vacuum to leave

(1)-[4-benzy1oxy—3-(3-diisopropy1amino-1-phenylpropyl)-

phenyl]-Ififilmethanol

as slightly yellow, viscous oil which gradually crystallized,

m.p. 84.1°C; tlc: (2) 0.33 (starting material 0.46), 0.725 g,

77.2% yield. NMR (CDCI3): 20.46, 20.55, 36.77, 41.62, 44.09,

48.77, multiplett centred at 64.30, 70.05, 111.76, 125.72,

125.94, 126.92, 127.34, 127.71, 128.03, 128.32, 128.38,

133.15, 133.99, 137.17, 144.80, 155.52.
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A solution of the above (i)-[4-benzyloxy-3-(3—diisopropy1-

amino-1—phenylpropyl)—phenyl]-[2H2]methanol (0.129 g, 0.29

mmol) in a suspension of methanol-(5 ml) and wet Raney-Nickel

(O.1—0.2 g) was stirred at room temperature under an atmos-

phere of deuterium gas (35). After 1 hr tlc indicated com-

plete disappearance of the starting material. The mixture was

filtered, evaporated and the residue was redissolved in di-

ethyl ether (5 ml). The solution was washed with water (2 x 5

ml), dried over sodium sulphate, filtered and evaporated to

dryness to leave a pale yellow oil, 76.3 mg, in 74.6% yield,

which gradually solidified to give a colourless solid of a

m.p. range of 46-49°C. Tlc:(4) 0.57 (starting material 0.77).

NMR (CDCI3): 19.57, 19,94, 33.33, 39.56, 42.18, 48.07, 48.43,

multiplett centred at 64.61, 118.47, 126.29,\126.58, 127.55,

127.94, 128.38, 132.53, 144.53, 155.37. GC—MSV (P—CI, ammonia,

TMS derivative): 488.43 (100%), 489.56 (70%), 490.56 (31%),

491.57 (8%).

0 intermediate dz-B

NL

n 2, deuterium

(i)-2-(3-Diisopropylamino—1—phenylpropyl)-4-hydroxy-

fH,]methyl-phenol

Intermediate d2—B
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(iii) Heck-Cuprate—Route to Intermediate B

0 0

OH I \ OMSHO t Na-Pr), <————-— Mao C / N(i-Pr);2

/I. \

Intermediate 8

N,N-Diisopropyl-acrylamide

A solution of acroyl chloride (42.2 g, 40.6 ml, 0.467 mol)

in 125 ml of dichloromethane was slowly added to a cooled (O-

5°C) solution of N,N—diisopropylamine in dichloromethane (500

ml). After 2 hrs the precipitated ammonium salt was filtered

off and the filtrate was washed with 1M hydrochloric acid (3

x 100 ml), dried (sodium sulphate), and eyaporated to dry-

ness. N,N—diisopropyl-acrylamide was obtained as a slight

yellow liquid in 48% yield and ca. 99% purity. NMR (CDCI3):

20.54, 21.25, 45.66, 48.10, 125.62, 130.70, 166.17.

(E)-N,N-Diisopropy1—3-(2-methoxy-5-methoxycarbonylphenyl)-

acrylamide

((E)-3-(2-Diisopropylcarbamoyl-vinyl)-4-methoxybenzoic acid

methyl ester)

The reaction was carried out under an atmosphere of dry and

oxygen-free nitrogen gas. All solvents and reagents were
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dried before use.

A stirred suspension consisting of N,N—dimethylglycine (6.0

mmol), anhydrous sodium acetate (40 mmol), methyl 3-bromo-4-

methoxybenzoate (20 mmol, 4.90 g), N,N—diisopropylacrylamide

(24 mmol, 3.72 g), bis—(benzonitrile)-palladium-II chloride

(1.5 mol%), and 20 ml of N—methyl—2-pyrrolidinone was heated

at 130°C until no starting material could be detected by tlc

(starting material methyl 3-bromo-4-methoxybenzoate: Rf 0.73;

N,N-diisopropylacrylamide: Rf 0.46; solvent system (1)). Aft-

er cooling to room temperature 50 ml of an aqueous 2N HCl

solution was added. The reaction was diluted with dich1oro-

methane (50 ml) and the precipitated grey palladium metal was

filtered off. The organic phase was washed with five portions

(50 ml each) of 2N aqueous hydrochloric acid, dried (Mgsofi

and evaporated to dryness. The remaining off—white solid was

recrystallized from ethyl acetate/n—hexane to give 4.40 g

(E)-N,N-diisopropyl—3—(2-methoxy—5—methoxycarbonylpheny1)-

acrylamide in 69% yield, m.p. 139—140°C, tlc: (1) Rf 0.40.

NMR (CDZCI2): 21.22, 22.10, 46.39, 48.87, 52.59, 56.61,

111.42, 123.39, 123.78, 125.54, 130.32, 132.53, 135.07.

MS (EI, DI, 105°C): 319 (ME, 22), 304 (6%), 276 (8%), 219

(100%), 187 (18%), 160 (7%).

(i)-N,N-Diisopropy1-3-(2-methoxy-5-methoxycarbonylphenyl)-3-

phenylpropionamide

((1)-3-(2-Diisopropy1carbamoyl-1-phenylethyl)-4-methoxy-

benzoic acid methyl ester)

The reaction was carried out under an atmosphere of dry and

oxygen-free nitrogen gas. All solvents and reagents were
dried before use.

A dark green solution of lithium diphenylcuprate was prepared

by addition of phenyllithium solution (12 ml, 24 mmol, cyclo-
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hexane/diethyl ether) to a cooled (O°C) and stirred suspen-

sion of copper—I bromide dimethylsulphide adduct (2.71 g, 13

mmol) in diethyl ether (40 ml). This solution was cooled to

—78°C and then subsequently solutions were added of tri-

methylchlorosilane (1.5 ml, 12 mmol) in diethyl ether (5 ml)

followed by the above cinnamide (3.19 g, 10.0 mmol, (E)—N,N-

diisopropyl-3-(2-methoxy—5-methoxycarbonylphenyl)-acrylamide)

in 10 ml of tetrahydrofuran. The reaction was stirred for one

hour at —78°C, warmed to room temperature and then quenched

by the addition of 150 ml of a saturated aqueous solution of

ammonium chloride. After 90 min the organic phase was washed

with two portions (100 ml) of half saturated aqueous sodium

chloride, dried (MgSO,) and evaporated to dryness. The yellow

oily residue was dissolved in a minimum of ethyl acetate and

purified by column chromatography on silica gel (mobile phase

(1)). Evaporation of the combined fractions of the title

compound gave

(i)-N,N-diisopropy1-3-(2-methoxy-5—methoxycarbony1pheny1)-3-

phenylpropionamide

as a viscous slightly yellow syrup (1.8 g, 44% yield).

NMR (CD2Cl2): 19.45, 19.56, 19.74, 38.86, 44.87, 47.92,

50.80, 54.76, 109.41, 121.32. 125.53, 128.10, 128.43, 128.78,

132.03, 143.20, 159.95, 165.95, 168.87. MS (EI, DI, 105°C):

397 (ML, 41%), 366 (5%), 322 (2%), 269 (3%), 255 (14%), 237

(7%), 165 (5%), 128 (12%), 91 (43%). 58 (100%).

(i)—2-(3-Diisopropy1amino—1—phenylpropyl)-4—hydroxymethy1—

phenol

A solution of (i)-N,N—diisopropyl-3-(2—methoxy-S—methoxy-

carbonylphenyl)-3-phenylpropionamide (0.79 g, 2.0 mmol) in

20 ml of tetrahydrofuran was cooled to 5°C and then treated

with 2.5 ml of 1M LiAlH,/THF. After stirring at room tem~
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perature for 18 hrs. finely powdered aluminium chloride

(0.3 g) was added and stirring was continued for additional

4 hrs. The reaction was quenched at 5°C by the dropwise

addition of water followed by aqueous sodium hydroxide

solution. The mixture was diluted with diethyl ether (150 ml)

and the organic phase was washed with half saturated brine,

dried (sodium sulphate), and evaporated to dryness to give

the title compound as a solid off-white foam. Tlc (2) 0.16,

m.p. 48—51°C. A portion of the material was converted into

the hydrochloride (ethereal hydrochloric acid), m.p. 186-

189°C (dec.).

Hydrogenolytic Deoxygenation of S-(-)-2-(3-Diisopropylamino-

1—phenylpropyl)-4—hydroxymethy1pheno1

A mixture of S-(-)—2-(3-Diisopropylamino-1—phenylpropy1)-4-

hydroxymethylphenol (683 mg, 2.0 mmol, [a]D” = -19.8 (c =

1.0, ethanol)), platinium-on—carbon catalyst (120 mg) and

acetic acid (1.0 ml) was diluted with ethyl acetate (50 ml)

and then hydrogenated at room temperature under a pressure of

4 bar hydrogen gas for 5 hrs. The catalyst was filtered off

and the filtrate was evaporated to leave an oil. The residue

was redissolved in dichloromethane (25 ml) and the solution

was washed with aqueous sodium hydrogencarbonate solution.

The organic phase was concentrated to dryness and the oily

residue taken up in ethanol (7 ml). Addition of D-(-)-tar-

taric acid (300 mg) and storage of the clear solution at

-25°C gave colourless crystals (310 mg) of

S-(-)-2-(3-diisopropy1amino-1-phenylpropyl)-4-methylphenol

D-(-) hydrogentartrate

in 33% yield, tlc: (4): 0.66 (starting material 0.31), [alpn

= -26.7 (c = 1.0, methanol). NMR (CD3OD): 17.98, 18.37,

20.69, 33.68, 43.12, 56.33, 74.17, 116.31, 127.51, 129.11,

129.50, 129.70, 129.89, 130.41, 144.57, 153.67, 176.88.
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A portion of the tartrate was treated with aqueous sodium

hydrogencarbonate solution.and the free base was isolated in

quantitative yield as a colourless oil by extraction with

ethyl acetate and evaporation of the extract. [a]:2 = -26.3

(c = 1.0, methanol).

Preferred intermediates in the processes for the preparation

of the 3,3-diphenylpropylamines according to the present

invention are:

(i)-3—(2-Benzyloxy—5-bromophenyl)-3-phenylpropanoic acid and

its salts,

R—(-)-(2—Benzyloxy—5—bromophenyl)-3~phenylpropanoic acid and

its salts,

S-(+)-(2-Benzyloxy-5—bromophenyl)-3-phenylpropanoic acid and

its salts,

(i)-2-(3-Diisopropylamino-1-phenylpropyl)-4-hydroxy—

[C3g]methyl—phenol,

S—(—)-2-(3—Diisopropylamino—1—phenylpropy1)—4—hydroxy-

[C5g]methyl-phenol,

R-(+)-2-(3—Diisopropylamino—1-phenylpropyl)-4-hydroxy-

[Cfig]methyl-phenol and their salts.

3. Examples

a) Phenolic monoesters

aa) General procedure

Esters of Carboxylic Acids

A stirred solution of (:l—2=(3-diisopropylamino—1—pheny1—

propyl)-4—hydroxymethy1phenol (Intermediate B, 1.71 g, 5.01

mol) and acid chloride (5.00 mmol carboxylic acid mono-

chloride for compounds of formula II, 2.50 mol for compounds
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of formula II‘) in 60 ml of dichloromethane was cooled to 0°C

and then triethylamine (0.502 g, 4.96 mmol for compounds of

formula II, 1.05 g, 9.92 mmol for compounds of formula II‘),

dissolved in 10 ml of dichloromethane, was added dropwise

during 5-10 min. Stirring was continued for 18 hrs at room

temperature, and then the mixture was washed successively

with water (25 ml), aqueous sodium hydrogen carbonate (5%,

25 ml), and water (25 ml). The organic phase was then dried

(sodium sulphate) and evaporated under reduced pressure and

at low temperature. The oily residues thus formed were final-

ly exposed to high vacuum (2-4 hrs.) to remove traces of

residual solvents.

The esters of formula II or II’ were obtained as colourless

to light yellow solids or viscous syrups in purities between

90% and 99% (tlc, HPLC, NMR).

Esters of N-Acylamino Acids

Phenolic Monoesters

To a solution of the respective amino acid (2.0 mmol) in 0.7

ml to 5 ml of N,N-dimethylfcrmamide and 0.5 ml of triethyl-

amine was added at 5°C in one portion methyl chloroformate

(2.0 mmol, 288 mg). After stirring for 2 hrs. at the same

temperature the cooling bath was removed and a solution of

Intermediate B (2.0 mmol, 682 mg) in 5 ml of dichloromethane

and triethylamine (0.5 ml) was added. The reaction was al—

lowed to stir for 2-8 hrs and then diluted with diethyl ether

(70 ml). Solid precipitates were filtered off and the mixture

was washed with aqueous sodium hydrogen sulphate solution

(5%) and water. After drying (sodium sulphate), filtration

and evaporation in vacuum the residue was purified by flash

chromatography on silica gel (eluent: solvent system (4)). N-

acylamino acid esters were obtained as viscous oils or waxy

solids in yields between 24% and 73%.
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bb) Salt formation (Example hydrochloride)

A cooled (0°C) solution of 4.94 mmol amino base in 30 ml of

dry diethyl ether was treated under an atmosphere of nitrogen

with 4.70 mmol (monoamines of formula II) or 9.4 mmol (di-

amines of formula II‘) ethereal (1 M) hydrochloric acid. The

oily precipitation was washed repeatedly with dry ether and

then evaporated in high vacuum. The residual product solidi-

ficated in most cases as an amorphous foam. The highly hy-

groscopic solids show a wide melting range above 100°C (with

decomposition).

The following compounds were prepared according to the method

described above and their analytical data are listed below:

(i)-Acetic acid 2-(3-diisopropylamino—1-phenylpropyl)-4-

hydroxymethyiphenyl ester, tlc: Rf 0.47 (4), NMR (CDCIQ:

20.36, 20.68, 20.97, 36.59, 42.35, 43.83, 48.76, 64.58,

122.69, 125.61, 126.22, 126.71, 127.96, 128.34, 136.82,

138.97, 143.73, 147.77, 169.24; GC-MS/P-CI (ammonia,

trimethylsilyl derivative): 456.8 (100%), 398.4 (4%)

(i)-Propionic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

hydroxymethylphenyl ester, tlc: Rf 0.52 (4); NMR (CDC1fi:

20.44, 20.64, 27.67, 36.67, 42.21, 43.87, 48.78, 64.70,

122.71, 125.62, 126.52, 126.78, 127.97, 128.53, 136.86,

138.82, 143.82, 147.86, 172.68; GC-MS/P-CI (ammonia,

trimethylsilyl derivative): 470.38 (100%), 398.4 (4%)

(i)-néButyric acid 2-(3-diisopropylamino-1—phenylpropyl)-4-

hydroxymethylphenyl ester, tlc: Rf 0.43 (4); NMR (CDCl3):

13.77, 18.40, 20.43, 20.51, 20.59, 36.15, 36.82, 42.16,
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43.90, 48.83, 49.20, 64.58, 122.66, 125.98, 126.17, 126.74,

127.33, 127.94, 128.33, 136.79, 138.91, 143.82, 171.88; GC-

MS/N-Cl (methane, trimethylsilyl derivative): 482.3 (20%),

412.3 (100%), 340.1 (33%), 298.1 (89%), 234.7 (15%); GC-MS/P-

C1 (methane, trimethylsilyl derivative): 484.5 (100%), 468.4

(62%), 394.3 (22%); GC-MS/P-CI (ammonia, trimethylsilyl

derivative): 484.4 (100%). 398.4 (3%)

(i)-Isobutyric acid 2-(3-diisopropylamino-1—phenylpropy1)-4-

hydroxymethylphenyl ester, tlc: Rf 0.43 (4); NMR (CDC13):

18.99, 19.11, 20.54, 34.21, 36.88, 41.84, 43.91, 48.78,

64.61, 122.54, 125.57, 126.14, 126.81, 127.94, 128.34,

136.84, 138.84, 143.89, 147.85, 175.36

R—(+)-Isobutyric acid 2-(3—diisopropylamino-1-phenylpropyl)-

4-hydroxymethylphenyl ester

Tlc: Rf 0.38 (4), starting material: 0.26; colourless oil

(yield 95%); NMR (CDCI3): 19.02, 19.14, 19.96, 20.61, 34.26,

36.92, 41.87, 43.90, 48.80, 64.84, 122.63, 122.63, 125.64,

126.19, 126.92, 127.98, 128.39, 136.96, 138,76, 143.93,

147.97, 175.39.

Hydrochloride: colourless hygroscopic solid; [alpm = +5.5

(c = 1.0, chloroform); NMR (CDCl3): 17.03, 17.53, 18.30,

18.52, 18.95, 19.12, 31.23, 34.10, 41.69, 45.40, 54.22,

54.47, 64.00, 122.32, 126.62, 126.81, 127.40, 128.06, 128.70,

133.88, 140.64, 142.25, 147.81, 175.89.

(r)-2,2—Dimethy1propionic acid 2-(3-diisopropylamino—1—

phenylpropyl)-4—hvdroxymethylphenyl ester, t1C: R5 0.49 (1);

NMR (CDC13): 20.46, 20.66, 26.53, 27.34, 37.12, 39.21, 41.46,

43.98, 48.81, 64.65, 122.42, 125.58, 126.16, 126.92, 128.37,

134.27, 136.92, 138.82, 143.97, 148.02, 176.97; GC-MS/P-CI
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(ammonia, trimethylsilyl derivative): 498.8 (100%), 482.5

(10%), 398.4 (4%)

(i)-2—Acetamidoacetic acid 2-(3-diisopropylamino-l—pheny1-

propyl)-4-hydroxymethylphenyl ester

((i)-2-[Diisopropy1amino)-1-phenylpropyll-4-(hydroxy-

methyl)phenyl 2—(acetylamino)acetate)

NMR (CE5OD): 20.33, 20.61, 22.17, 30.54, 42.39, 48.62, 51.04,

64.88, 117.99, 124.73, 125.51, 127.01, 127.75, 129.31,

131.63, 137.33, 146.67, 147.43, 171.47, 173,82

(r)-Cyclopentanecarboxylic acid 2-{3—diisopropylamino-1-

phenylprqpyl)-4—hydroxymethy1phenyl ester

Tlc: Rf 0.66 (4), starting material Intermediate 3 (0.50),

colourless oil, yield: 82%. NMR (CDC13): 20.42, 25.87, 30.25,

36.57, 41.89, 43.97, 47.15, 49.02, 64.63, 122.56, 125.60,

126.16, 126.81, 127.60, 127.94, 128.35, 128.77, 136.74, A

138.88, 143.85, 147.92, 175.05.

(t)-Cyclohexanecarboxylic acid 2-(3-diisopropylamino-l-

phenylpropyl)-4-hydroxymethylphenyl ester

T1c: Rf 0.67 (4), starting material Intermediate 3 (0.50),

colourless oil, yield: 93%. NMR (CDC13): 20.27, 25.40, 25.74,

29.03, 29.16, 36.29, 41.82, 43.31, 44.08, 49.36, 64.62,

122.56, 125.68, 126.22, 126.92, 127.92, 128.38, 136.65,

139.00, 143.72, 147.86, 174.40.

(r)-Benzoic acid 2-(3-diisopropylamino-1-phenydpropyl)—4-hy-

droxymethylphenyl ester

Tlcz Rf 0.31 (4); colourless syrup (99% yield, purity >

95%);gradua11y crystallized upon refrigeration; NMR (CDC13):

20.41, 20.51, 36.65, 42.42, 43.85, 48.79, 64.70, 122.79,

125.74, 126.17, 126.83, 128.13, 128.28, 128.58, 129.48,

130.25, 133.62, 137.21, 139.10, 143.67, 148.00, 164.99.
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R-(+)-Benzoic acid 2-(3-diisopropylamino—1-phenylpropyl)-4-

hydroxymethylphenyl ester

tlc Rf 0.30 (4); colourless syrup

Hydrochloride: colourless amorphous solid; [a]D” = +14.9

(c = 1.0, chloroform);

NMR (CDCI3): 17.06, 17.53, 18.25, 18.61, 31.23, 42.19, 45.49,

54.26, 54.53, 64.09, 122.55, 126.77, 127.13, 127.58, 128.10,

128.50, 128.72, 128.78, 129.02, 130.17, 133.96, 134.27,

140.81, 142.13, 147.91, 165.40.

(1)-4-Methylbenzoic acid 2-(3—diisopropylamino-1—phenyl-

propyl)-4-hydroxymethylphenyl ester

Tlc: Rf 0.30 (4), starting material Intermediate 8: 0.24;

yield: quantitative, viscous light yellow oil; NMR (CDClQ:

20.32, 20.50, 21.78, 36.13, 42.35, 43.98, 49.29, 64.66,

122.79, 125.81, 126.19, 126.70, 127.04, 128.30, 129.32

8.129.76, 130.29, 136.94, 139.20, 143.61, 144.46, 14

165.07.

I

O4,

LC-MS: 459 (ML, 3.5%), 444 (17%), 223 (2.5%), 195 (2%),

119 (48%), 114 (100%).

(i)—2—Methylbenzoic acid 2-(3—diisopropylamino-1-phenyl-

propyl)-4-hydroxymethylphenyl ester

viscous colourless oil, tlc: (4) 0.64 (starting material Rf

0.51), yield 84%. NMR (CDCI3): 20.44, 20.53, 21.86, 22.01,

36.74, 42.36, 43.87, 48.81, 64.76, 122.93, 123.11, 125.71,

126.12, 126.88, 128.10, 128.48, 130.76, 131.26, 131.70,

132.03, 132.79, 137.28, 139.00, 141,73, 143.72, 148.04,

165.25. LC-MS: 459 (M*', 21%), 444 (100%), 326 (1%), 223

(10%), 213 (6%), 195 (9%), 165 (14%), 115 (94%), 91 (99%).
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(i)—2-Acetoxybenzoic acid 2-(3—diisopropy1amino-1-phenyl-

propyl)-4-hydroxymethylphenyl ester

colourless syrup, tlc: (4) 0.47 (starting material Rf 0.51),

yield 82%. NMR (CDCI3): 20.39, 20.57, 20.96, 36.92, 42.29,

43.88, 48.87, 64.64, 122.39, 122.64, 124.05, 125.80, 126.11,

126.75, 128.09, 128.32, 132.23, 134.66, 137.27, 139.32,

143.64, 147.63, 151.37, 162.72, 169.73. LC-MS: 503 (Mt, 7%),

488 (59%), 446 (6%), 326 (22%), 223 (9%), 213 (9%), 195 (9%),

163 (14%), 121 (100%), 114 (88%).

(1)-1-Naphthoic acid 2-(3—diisopropy1amino—l—pheny1propy1)-4-

hydroxymethylphenyl ester

colourless viscous oil, tlc: (4) 0.57 (starting material Rf

0.51), yield 82%. NMR (CDC13): 20.46, 20.58, 36.82, 42.46,

43.89, 48.76, 64.81, 122.98, 124.51, 125.64, 125.79, 125.98,

126.15, 126.44, 126.94, 128.12, 128.36, 128.65, 131.37,

131.82, 133.98, 134.45, 137.44, 139.08, 143.73, 148.13,

155.49. LC-MS: 495 (M“', 3%), 430 (100%), 213 (7%), 165 (8%),

155 (95%), 127 (100%), 114 (90%).

(r)-2-Naphthoic acid 2-(3-diisoprqpylamino—1—pheny1propyl)-4-

hydroxymethylphenyl ester

colourless slightly yellow viscous oil, tlc: (4) 0.57

(starting material Rf 0.51), yield 71%. NMR (CDCI3): 20.47,

20.59, 36.71, 42.59, 43.85, 48.81, 64.82, 122.89, 126.89,

127.89, 128.19, 128.41, 128.68, 129.50, 132.03, 132.55,

135.87, 137.22, 139.08, 143.83, 148.20, 165.14. LC-MS: 495

(M+7 7%), 480 (98%), 223 (8%), 213 (6%), 195 (6%), 165 (8%),

155 (96%), 127 (100%), 114 (31%).
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(t)-4—Ch1orobenzoic acid 2-(3-diisopropylamino-1-phenyl-

propyl)-4-hydroxymethylphenyl ester

Tlc: Rf 0.54 (4), starting material Intermediate B: 0.44;

yield: quantitative, viscous light yellow oil; NMR (CDCI3):

20.34, 20.50, 36.41, 42.51, 43.84, 48.93, 64.66, 122.72,

125.82, 126.88, 127.27, 128.06, 128.56, 128.96, 131.60,

133.80, 136.95, 139.30, 140.16, 143.60, 147.87, 164.10. LC-

MS: 479 (Mfl 1.5%), 464 (10%), 223 (2%), 195 (2%), 165

(1.5%), 139 (25%), 114 (100%).

(i)-4-Methoxybenzoic acid 2-(3—diisopropylamino—l—pheny1—

propyl)-4-hydroxymethylphenyl ester

Tlc: Rf 0.47 (4), starting material Intermediate B: 0.42;

yield: 89%, viscous light yellow oil; NMR (CDCI3): 20.31,

20.47, 36.43, 42.39, 43.90, 48.97, 55.53, 64.71, 121.79,

122.86, 125.72, 126.14, 126.79, 128.11, 128.27, 131.27,

131.77, 132.36, 132.84, 137.15, 139.01, 143.74, 148.08,

163.92, 164.71. LC-MS: 475 (M*', 3.5%), 460 (20%), 223 (2%),

195 (2%), 135 (48%), 114 (100%).

(i)-2-Methoxybenzoic acid 2-(3-diisopropylamino-1-phenyl-

propyl)-4-hydroxymethylphenyl ester

Tlc: Rf 0.40 (4), starting material Intermediate 8: 0.42;

yield: 98%, viscous light yellow oil; NMR (CDCl3): 20.29,

20.42, 36.50, 41.92, 44.02, 49.09, 55.95, 64.72, 119.10,

120.20, 122.86, 125.64, 126.10, 126.82, 128.06, 128.30,

132.38, 134.32, 137.11, 139.01, 143.87, 148.00, 159.82,

164.40. LC-MS: 475 (M*', 3.5%), 460 (18%), 223 (1%). 195

(1%), 135 (49%), 114 (100%). ’
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(i)-4-Nitrobenzoic acid 2-(3-diisopropylamino-1—phenyl—

propyl)-4-hydroxymethylphenyl ester

Tlc: Rf 0.44 (4), starting material Intermediate B: 0.42;

yield: 78%, viscous yellow oil which slowly solidified; m.p.

l23.6°C; NMR (CDCI3): 20.47, 20.62, 36.52, 42.66, 43.70,

48.75, 64.69, 122.61, 123.72, 125.91, 126.33, 127.04, 128.02,

128.37, 131.32, 134.86, 136.83, 139.55, 143.56, 147.75,

150.93, 163.04. LC-MS: 490 (ML, 1.5%), 475 (15%). 327

(0.8%), 223 (3%), 195 (3%), 150 (15%), 114 (100%).

(i)-2-Nitrobenzoic acid 2-(3—diisopropylamino-1—phenyl-

propyl)-4-hydroxymethylphenyl ester

Tlcz Rf 0.32 (4), starting material Intermediate B: 0.42;

yield: 92%, viscous yellow oil which slowly solidified; NMR

(CDCI3): 20.39, 20.50, 36.74, 42.14, 43.89, 48.71, 48.92,

64.59, 122.15, 123.95, 124,18, 125.89, 126.25, 127.23,

127.99, 128.39, 129.95, 132.95, 133.08, 136.72, 139.62,

143.64, 147.63, 148.15, 163.90. LC—MS: 490 (M“, 1%), 475

(11%), 327 (2.5%), 223 (2.5%), 195 (3%), 165 (3%), 150 (7%),

114 (100%).

(i)—N-Acetylglycine 2-(3-diisopropylamino-1—phenylpropyl)-4-

hydroxymethydphenyl ester/(i)-2-Acetamidoacetic acid 2—(3-

diisopropylamino—1-phenylprohyl)-4—hydroxymethylphenyl ester

((i)-2-[Diisopropylamino-1-phenylpropyl]-4-(hydroxymethyl)—

phenyl 2-(acetylamino)acetate)

NMR (CD§XD: 20.33, 20.61, 22.17, 30.54, 42.39, 48.62, 51.04,

64.88, 117.99, 124.73, 125.51, 127.01, 127.75, 129.31,

131.63, 137.33, 146.67, 147.43, 171,47, 173.82.

(1)-Malonic acid bis-[2-(3—diisopropy1amino—1-phenylpropyl)-

4-hydroxymethylphenyl]ester, tlc: Rf 0.38 (4); NMR (CDC13):

20.52, 20.62, 20.69, 36.95, 41.84. 42.82, 43.89, 48.23,
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64.83, 123.37, 127.36, 127.97, 128.42, 128.38, 129.06,

131.55, 137.50, 138.90, 148.23, 148.32, 160.54

(i)-Succinic acid bis-[2-(3-diisopropy1amino—1-phenylpropyl)-

4-hydroxymethylphenyl]ester, tlc: Rf 0.40 (4); NMR (CDC1fl:

20.54, 20.63, 20.73, 30.69, 36.91, 41.80, 43.92, 48.20,

64.81, 122.60, 127.41, 127.93, 128.39, 129.31, 131.80,

136.73, 138.92, 143.82, 148.17, 168.01

(i)-Pentanedioic acid bis-{2-(3—diisopropylamino-l-phenyl-

propyl)-4-hydroxymethylphenyl]ester, tlc: Rf 0.43; NMR

(CDCI3): 20.47, 20.60, 32.87, 36.93, 41.82, 43.90, 48.22,

64.81, 64.83, 122.85, 127.39, 127.99, 128.35, 129.31, 131.84,

136.98, 138.94, 143.80, 147.40, 169.05

(i)—Hexanedioic acid bis-[2-(3-diisopropylamino—1-

phenylpropyl)-4-hydroxymethylphenyl]ester, tlc: Rf 0.43; NMR

(CDC13): 20.64, 23.40, 34.37, 36.95, 41.84, 43.88, 48.25,

64.87, 122.88, 127.34, 127.97, 128.39, 129.33, 131.80,

136.99, 138.94, 143.82, 147.65, 168.72

b) Identical diesters

(t)-Identical diesters (formula III) were prepared and worked

up as described above with the exception that 2.4 mmol of

both triethylamine and acyl chloride (R1-COCl) were used. The

physical properties were similar to the bases and salts de-

scribed above.

Diesters of N—acylaminoacids were prepared as described for

phenolic monoesters with the exception that an additional

molar equivalent of acylating agent (mixed acid anhydride)

was used.
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In particular, the following compounds were prepared and

their analytical data are given below:

(i)-Formic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

formyloxymethylphenyl ester, tlc: Rf 0.65 (4). This diester

was prepared from mixed formic acetic anhydride and

Intermediate B as described for other substrates previously

(F. Reber, A. Lardon, T. Reichstein, Helv. Chim. Acta 37: 45-

58 [l954])

(i}—Acetic acid 4-acetoxy-3-(3-diisopropylamino-1-phenyl-

propy1)—benzyl ester, tlc: Rf 0.76 (4); GC—MS/P-CI (ammonia):

426.3 (100%), 368.3 (22%); GC-MS/P—CI (methane, trimethyl—

silyl derivative): 426.4 (64%), 410.3 (16%), 366.3 (100%);

hydrochloride, NMR (DMSOd5)j 16.50, 16.76, 18.05, 20.94,

21.04, 27.02, 31.39, 41.28, 45.26, 53.80, 65.21, 123.39,

126.84, 127.61, 127.85, 128.70, 134.41, 135.49, 142.68,

148.20, 169.32, 170.42

(i)~Propionic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

propionyloxymethylphenyi ester, tlc: Rf 0.82 (4); NMR

(CDCI3): 20.53, 20.73, 21.14, 27.66, 36.73, 42.10, 43.68,

48.65, 65.75, 122.65, 126.10, 127.01, 127.70, 128.34, 128.78,

133.73, 136.81, 143.76, 148.45, 172.45, 174.21; GC-MS/P-CI

(ammonia): 454.8 (100%), 438.5, (9%), 382.4 (27%)

(i)-n-Butyric acid 4—n—butyryloxymethyl-2-(3—diisopropyl-

amino-1-phenylpropyl)—phenyl ester, tlc: Rf 0.86 (4); NMR

(CDCI3): 13.70, 13.76, 18.44, 20.53, 20.69, 21.13, 36.14,

36.76, 37.09, 42.08, 43.73, 48.71, 65.64, 122.81, 125.97,

126.97, 127.92, 128.35, 128.77, 133.78, 136.99, 143.76,
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148.41, 171.68, 173.40; GC-MS/P-CI (ammonia): 482.8 (100%),

396.4 (67%)

(i)—Isobutyric acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

isobutyryloxymethylphenyl ester, tlc: Rf 0.83 (4), NMR

(CDCl3): 18.97, 19.10, 20.64, 20.67, 34.01, 34.23, 36.98,

41.72, 43.70, 48.65, 65.61, 122.50, 126.18, 126.73, 127.92,

128.13, 128.36, 133.90, 137.01, 143.85, 148.41, 175.17,

176.81; GC—MS/N—CI (methane): 480.3 (15%); GC-MS/P-CI

(methane): 482.5 (63%), 466.4 (18%), 394.3 (100%)

(i)-2,2-Dimethylpropionic acid 3—(3-diisopropylamino-l-

phenylpropyl)-4-(2,2-dimethylpropionyloxy)-benzyl ester,

Tlc: Rf 0.96 (4); NMR (CDCI3): 20.44, 20.75, 27.09, 27.24,

37.18, 38.68, 39.15, 41.25, 43.66, 48.20, 65.50, 122.36,

126.32, 127.22, 127.48, 127.83, 128.29, 133.99, 136.98,

143.87, 148.37, 176.70, 178.10; GC-MS/P-CI (methane): 510.5

(76%), 494.5 (21%), 408.4 (100%)

(i)-Benzoic acid 4-benzoy1oxymethyl—2-(3-diisopropylamino-1-

phenylpropyl)-phenyl ester, tlc: Rf 0.80 (4); NMR (CDCl3):

20.62, 36.95, 41.72, 43.89, 48.23, 66.76, 122.22, 125.33,

127.36, 127.62, 127.89, 127.89, 127.97, 128.38, 129.49,

130.52, 130.64, 131.15, 131.22, 131.98, 136.38, 137.66,

143.82, 148.95, 164.77, 166.60

(+)-Benzoic acid 4-benzoy1oxymethy1—2—(3-diisopropylamino—1-

pheny1propyl)—pheny1 ester

Hydrochloride: colourless solid; tlc: (4) 0.70, lalfo =

+24.2 (c = 1.0, chloroform). NM (DMSO-d6): 16.52, 17.99,

18.06, 26.99, 31.32, 53.94, 65.98, 123.58, 127.65, 127.98,

128.62, 128.90, 129.02, 129.45, 129.71, 130.10, 133.64,

134.32, 134.55, 135.60, 142.52, 148.37, 164.53, 165.76.

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1166



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1167

W0 99/58478 A PCT/EP99/03212

-71-

c) Mixed diesters

Mixed diesters (formula IV) were prepared by acylation of

the respective benzylic or phenolic monoesters. Working up

and physical properties corresponded to the bases and salts

described above.

In particular, the following compounds were prepared and

their analytical data are given below:

(i)-Acetic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

formyloxymethylphenyl ester, tlc: Rf 0.76 (4); NMR (CDCI3):

20.62, 20.91, 33.25, 42.20, 42.28, 48.23, 70.70, 122.96,

127.36, 127.97, 128.38, 128.73, 132.02, 135.41, 137.11,

143.81, 149.35, 161.34, 168.95

(i)—Benzoic acid 2-(3—diisopropylamino-l-phenylpropyl)-4-

formyloxymethylphenyl ester, tlc: Rf 0.74 (4); NMR (CDClg:

20.60, 36.93, 41.72, 43.89, 48.23, 70.71, 122.50, 125.33,

127.30, 127.89, 127.97, 128.36, 129.57, 130.65, 131.13,

132.05, 135.41, 136.66, 143.80, 149.15, 161.35, 164.78

(r)-Benzoic acid 2-(3-diisopropylamino-1—pheny1propyl)-4-

acetoxymethylphenyl ester

Viscous colourless oil, tlc: Rf 0.70 (4); NMR (CDCl3):

identical with R-(+) enantiomer, see below.

R-(+)—Benzoic acid 2-(3-diisopropylamino-1—pheny1propyl)-4-

acetoxymethylphenyl ester

tlc: R. 0.70 (4)

Hydrochloride: colourless non—hygroscopic solid [a]:° =

+27.l (C 1.0, chloroform). NMR (CDCI3): 17.14, 18.53,
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21.04, 31.51, 42.25, 46.27, 54.74, 65.58, 123.18, 127.07,

127.55, 127.61, 127.99, 128.80, 130.22, 134.14, 134.81,

135.27, 141.44, 148.54, 165.19, 170.81.

(i)-Isobutyric acid 4-acetoxymethyl-2-(3-diisopropylamino—l-

phenylpropyl)-phenyl ester, tlc: Rf 0.77 (4); NMR (CDC13):

18.99, 19.12, 20.65, 21.05, 34.24, 37.02, 41.79, 43.79,

48.72, 65.98, 122.75, 126.76, 127.14, 127.94, 128.39, 128.84,

133.55, 137.04, 143.84, 148.56, 170.84, 175.18

(+)—Isobutyric acid 4—acetoxymethyl-2-(3-diisopropylamino-1-

phenylpropyl)-phenyl ester

colourless oil

Hydrochloride: colourless hygroscopic solid; [a]Dm = +l4.6

(C = 1.0, chloroform); NMR (CDC13): 16.89, 17.04, 18.31,

18.54, 18.92, 19.06, 20.95, 31.49, 34.07, 41.64, 46.17,

54.55, 65.49, 122.91, 126.93, 127.48, 127.83, 128.74, 134.50,

134.88, 141.61, 148.44, 170.67, 175.63.

(r)-2,2-Dimethylpropionic acid 4—acetoxy-3-(3-diisopropyl-

amino-1—phenylpropyl)-benzyl ester, tlc: Rf 0.80 (4); NMR

(CDC13): 20.63, 20.93, 27.19, 33.25, 37.49, 42.21, 42.25,

48.22, 67.37, 123.18, 127.36, 127.84, 128.39, 131.16, 137.34,

143.84, 148.29, 168.93, 178.40

(i)—2,2-Dimethylpropionic acid 4-acetoxymethyl-2-(3-diiso—

propy1amino—1-phenylpropyl)-phenyl ester, tlc: Rf 0.81 (4);

NM (CDC13): 20.60, 20.79, 27.09, 36.93, 37.35, 41.85, 42.29,

48.25, 65.91, 122.36, 127.37, 127.99, 128.39, 129.38, 132.69,

136.00, 136.85, 143.80, 170.45, 176.60
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d) Benzylic monoesters

A mixture consisting of Intermediate B (80 mg, 0.23 mmol),

vinyl ester (0.4 ml), tert —butyl methylether (18 ml), and

lipase enzyme (1.0 g) was gently shaken at room temperature.

Benzylic formate, acetate, and n—butyrate were prepared from

the corresponding vinyl ester donors using SAM I lipase

(Amano Pharmaceutical Co.). Benzoylation was achieved with

vinyl benzoate in the presence of Lipozym IM 20 (Novo Nor-

disk), whereas pivalates and isobutyrates were obtained from

the corresponding vinyl esters under catalysis of Novozym SP

435 (Novo Nordisk). Tlc analysis indicated after 2 - 24 hrs

complete disappearance of the starting material (R5 = 0.45

(3)). The mixture was filtered and then evaporated under high

vacuum (< 40°C) to give the carboxylic acid (R1—CO2H) salts

of the respective benzylic monoesters as colourless to light

yellow oils.

In particular, the following compounds were prepared and

their analytical data are given below:

(r)-Formic acid 3-(3-diisopropylamino—1-phenylpropyl)-4-

hydroxybenzyl ester, tlc: Rf 0.25 (2); NMR (CDCl3): 19.43,

33.24, 39.61, 42.25, 48.21, 68.44, 118.09, 127.34, 127.66,

128.31, 128.39, 133.97, 144.47, 156.63, 161.32

(i)—Acetic acid 3-(3-diisopropylamino-1-phenylpropyl)-4-

hydroxybenzyl ester, tlc: Rf 0.26 (2); NMR (CDCl3): 19.45,

20.96, 33.26, 39.63, 42.27, 48.23, 63.59, 118.00, 127.36,

128.33, 128.48, 128.53, 129.13, 131.59, 133.88, 144.49,

155.74, 170.44
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(i)-Propionic acid 3-(3—diisopropylamino—l—pheny1propy1)-4-

hydroxybenzyl ester, tlc: Rf 0.45 (2); NMR (CDC13): 19.02,

19.43, 27.58, 33.20, 39.61, 42.25, 48.21, 64.08, 118.30,

125.30, 127.03, 127.39, 128.31, 130.12, 134.22, 144.51,

155.64, 173.22

(i)-Butyric acid 3-(3-diisopropylamino—1-phenylpropyl)-4-

hydroxybenzyl ester, tlc: Rf 0.54 (2); NMR (CDC13): 13.58,

18.40, 19.45, 33.29, 35.88, 39.65, 42.23, 48.25, 63.96,

118.32, 124.55, 126.20, 127.35, 128.32, 129.91, 134.22,

144.50, 155.60, 169.05

(i)-Isobutyric acid 3-(3—diisopropy1amino-1-phenylpropyl)-4-

hydroxybenzyl ester, tlc: Rf 0.56 (4); NMR (CDC13): 19.09,

19.45, 33.28, 33.59, 39.65, 42.29, 48.25, 64.63, 118.35,

125.35, 127.03, 127.38, 128.35, 128.49, 129.79, 134.22,

144.52, 155.65, 175.48

(1)—2,2-Dimethylpropionic acid 3—(3-diisopropylamino—l-

phenylpropyl)—4—hydroxybenzyl ester, tlc: Rf 0.61 (4); NMR

(CDCI3): 19.41, 27.15, 33.24, 37.46, 39.61, 42.25, 48.21,

65.10, 118.30, 125.32, 127.00, 127.34, 128.31, 129.42,

134.18, 144.47, 155.61, 178.39

(i)—Benzoic acid 3-(3-diisopropylamino-1—phenylpropyl)-4-

hydroxybenzyl ester, tlc: Rf 0.77 (4); NMR (CDC13): 18.01,

19.40, 33.24, 39.60, 42.40, 48.20, 66.93, 117.13, 127.18,

127.81, 128.33, 129.98, 130.17, 132.96, 133.58, 142.33,

156.95, 166.60 (
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e) Ethers and silyl ethers

A mixture of Intermediate B (3.4 g, 10 mmol), methanesul—

phonic acid (2 ml, 31 mmol), and alcohol Rm—OH (50-150 ml)

was stirred at room temperature until no starting material

was detectable (2-24 hrs). After evaporation to dryness

(< 35°C) the residue was redissolved in aqueous sodium hy-

drogen carbonate solution (lO0—20O ml, 5%, w/v) and the so-

lution was extracted with ethyl acetate (75 ml). The organic

phase was separated, dried (Na2sO4), filtered and evaporated

to give bases of formula VI (Ru = H) as colourless to light

yellow oils.

Mixed ester ether derivatives, e.g. of Intermediate A, were

prepared by benzylic acylation of phenolic ethers, such as

Intermediate A, according to the procedure described for ex-

amples of the structure of formula IV.

Hydrochlorides:

Molar equivalents of bases of formula VI (Rn = H), dissolved

in tert.—butyl methylether, and ethereal hydrochloric acid

‘were combined at room temperature. Oily precipitates were

separated and dried in vacuum, crystalline hydrochlorides

were isolated and recrystallized from acetonitrile or acetone

to give colourless crystalline material.

In particular, the following compounds were prepared and

their analytical data are given below:

(i)—2-(3-Diisopropylamino-1-phenylpropyl)-4-methoxymethyl—

phenol, tlc: Rf 0.61 (4); GC—MS/P-CI (methane, trimethylsilyl
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derivative): 428.4 (100%), 412.3 (49%), 396.3 (52%);

hydrochloride: amorphous hygroscopic colourless solid;

m.p. 161°C; NMR (CD3OD): 17.39/18.75 (broad signals), 33.79,

43.13, 56.47, 58.00, 75.59, 116.19, 120.79, 127.62, 129.04,

129.14, 129.42, 129.55, 130.43, 144.32, 155.85 I

(r)-2-(3-Diisopropylamino—l—pheny1propy1)-4—ethoxymethy1-

phenol, tlc: Rf 0.72 (4); GC-MS/P-CI (ammonia, trimethylsilyl

derivative): 444.8 (100%), 398.4 (6%);

hydrochloride: colourless non—hygroscopic crystals, m.p.

158-161°C, NMR (CD3OD): 15.43, 17.12, 18.82, 33.80, 56.49,

66.49, 73.62, 116.19, 127.63, 128.99, 129.13, 129.36, 129.55,

130.58, 130.75, 144.32, 155.77

(i)-2-(3-Diisopropylamino—1-phenylpropyl)—4-propoxymethyl-

phenol, NMR (CDC13): 18.62, 19.44, 23.10, 33.24, 39.61,

42.26, 48.22, 71.87, 73.94, 117.78, 124.95, 127.35, 127.57,

128.32, 128.47, 133.66, 134.23, 144.48, 155.25

(i)—2—(3-Diisopropylamino-1—phenylpropyl)'V-isopropoxymethyl-

phenol, NMR (CDCl3): 19.44, 22.32, 33.27, 39.65, 42.29,

48.25, 69.28, 72.10, 117.90, 127.38, 128.03, 128.41, 131.10,

133.76, 134.37, 144.51, 154.65.

Hydrochloride: colourless crystals, m.p. 140.4°C, tlc (4)

0.61. LC—MS: 383 (6%, [M—HC1]”), 368 (11%), 324 (1%), 223

(6%), 195 (3%), 165 (2%), 155 (5%), 114 (100%). NMR (DMSO-

daz 16.57, 18.09, 18.19, 22.29, 31.58, 41.25, 45.87, 53.97,

69.26, 69.92, 115.28, 126.34, 127.08, 127.25, 127.96, 128.45,

129.07, 129.70, 132.31, 143.88, 154.22.

(r)-2-(3-DiisQpropy1amino—1-phenydpropyl)—4—butoxymethyl-

phenol, NMR (CDC13): 13.75, 19.44, 19.75, 32.24, 33.28,
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39.60, 42.20, 48.20, 72.45, 117.87, 125.50, 127.29, 128.39,

133.70, 134.30, 144.47, 155.36

(1) -Acetic acid 2- (3 -Diisopropylamino—l-phenylpropyl) -4-

methoxymethylphenyl ester, NMR (CDCI3): 19.99, 20.62, 20.90,

33.33, 42.30, 48.21, 58.41, 75.94, 122.92, 127.37, 127.95,

128,35 131.85, 136.99, 138.81, 143.88, 147.88, 168.95

(1-) -Acetic acid 2- (3—Di.isopropylamino-1-phenylpropyl)-4-

ethoxymethylphenyl ester, NMR (CDC13): 15.49, 19.94, 20.95,

33.23, 42.25, 48.25, 65.70, 73.73, 122.63, 127.46, 127.95,

128.36, 131.65, 136.79, 139.71, 143.80, 147.66, 168.99

(i) -2- (3 —Diisopropylamino-1-phenylpropyl) -4-trimethyl-

silanyloxymethylphenol, NMR (CDCI3): 0.10, 19.40, 19.43,

33.25, 39.65, 42.25, 48.20, 64.93, 117.90, 124.90, 126.60,

127.35, 128.35, 128.48, 133.80, 137.15, 144.49, 155.28

(i) -Di isopropyl - [3 -phenyl -3 - (2 — trime thylsilanyloxy-5 -

trimethyl silanyloxyme thylphenyl ) -propyl J amine, NMR (CDC13) :

0.10, 0.29, 19.40, 19.53, 33.28, 41.19, 42.27, 48.25, 66.40,

121.37, 127.36, 128.25, 128.50, 136.42, 144.10, 154.98

(_+) - [3- (3 -Diisopropylamino-1-phenylpropyl) -4- trimethyl-

silanyloxyphen}/l]methanol, NMR (CDCl3): 0.29, 0.33, 19.40,

19.53, 33.27, 41.16, 42.27, 48.23, 65.22, 118.04, 124.99,

126.52, 127.30, 128.25, 134.16, 136.80, 144.14, 155.06

(1) -Diisopropyl - [3 - (5 -methoxymethyl -2- trimethy1silany1oxy-

phenyl) -3—phenylpropyl]amine, NMR (CDCl3): 0.28, 0.32, 19.39,

19.43, 33.28, 41.22, 42.33, 48.19, 58.40, 75.95, 117.68,

124.92, 126.60, 127.35, 128.25, 128.55, 134.00, 136.47,

144.16, 155.09
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(i) -Diisopropyl - [3 — (5-ethoxymethyl-2- t:rimethylsilanyloxy-

phenyl) -3-phenylpropyljamine, NMR- (CDC13) : 0.28, 0.31, 15 . 50,

19.42, 19.58, 33.29, 41.17, 42.25, 48.20, 65.70, 72.48,

117.50, 124.75, 126.39, 127.39, 128.25, 128.50, 134.99,

136.28, 144.19, 154.28

(i) - [4 — (tert. -Butyl-dimethylsilanyloxy) -3- (3-diisoprop}/l-

amino-1 -phenylpropyl) -pheny1]methanol , Rf 0 . 65 (3)

(1-) -Acetic acid 4- (tert. —butyl-dimethylsilanyloxy) -3- (3-

diisopropylamino-1-phenylpropyl) -benzyl ester, NMR (CDCl3) :

-4.92, -5.00, 19.40, 19.49, 20.40, 20.83, 23.49, 33.25,

41.22, 42.25, 48.25, 72.55, 81.55, 121.24, 124.88, 127.40,

128.26, 128.44, 128.48, 133.37, 135.74, 144.11, 155.20

(1') -4- (tert. -Butyl-dimethylsilanyloxymethyl) -2- (3-diiso-

propylamino-1—phenylpropyl) —phenol, t1c: Rf 0 .70 (3) ; GC-

MS/N-CI (methane, trimethylsilyl derivative) : 526.5 (59%) ,

454.3 (100%), 412.2 (14%), 340.1 (42%); GC-MS/P-CI (methane,

trimethylsilyl derivative): 528.6 (100%) , 512.5 (85%),

470.43 (10%), 396.3 (31%)

(i) —Acetic acid 4- (tert. -butyl—dimeth}/lsilanyloxy) -2- (3-

diisopropylamino-1-phenylpropyl) —pheny1 ester, NMR (CDCI3) :

-4.77, -4.88, 19.15, 20.65, 20.93, 24.77, 33.25, 42.20,

48.20, 67.90, 122.79, 125.15, 127.44, 127.90, 128.41, 136.99,

140.55, 143.85, 147.86, 168.95

(i) - {3- [2- (tert . -Butyl -dimethylsilanyloxy) -5- (tert. -butyl-di-

methylsilanyloxyme thyl) -phenyl] -3 -phenylpropyl } -dii sopropyl -

amine, tlc: Rf 0.94 (3); GC-MS/N-CI (methane): 568.6 (62%) ,

454.3 (100%), 438.2 (10%), 340.2 (53%), 324.8 (16%), 234.7
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(78%); GC-MS/P-CI (methane): 570.5 (70%), 554.5 (52%), 512.5

(18%), 438.4 (24%)

(i)-Acetic acid 4-benzy1oxy-3-(3-diisopropylamino-1-phenyl-

propyl)-benzyl ester, tlc: Rf 0.56 (5)) GC-MS/P-CI (ammonia):

474.4 (100%), 416.4 (54%); NMR (CDCI3): 20.44, 20.56, 21.07,

36.73, 41.53, 44.01, 48.79, 66.43, 70.00, 111.61, 125.75,

127.34, 127.55, 127.76, 127.90, 128.03, 128.27, 128.39,

133.98, 136.98, 144.63, 156.05, 170.94

(i)—Benzoic acid 4-benzyloxy-3-(3-diisopropylamino—1—phenyl-

propyl)—benzyl ester, tlc: Rf 0.87 (4); NMR (CDC13): 20.54,

20.60, 36.80, 41.51, 43.95, 48.67, 66.83, 70.04, 111.66,

125.76, 127.35, 127.45, 127.78, 128.06, 128.27, 128.30,

128.42, 128.85, 129.66, 130.55, 132.86, 134.05, 137.03,

144.75, 156.08, 166.46; GC-MS/P-CI (ammonia): 536.5 (100%),

416.4 (42%)

(i)-Isobutyric acid 4—benzyloxy—3-(3-diisopropylamino-l-

phenylpropyl)-benzyl ester, tlc: Rf 0.77 (4); NMR (CDC13):

19.01, 20.62, 20.65, 34.04, 36.85, 41.54, 43.97, 48.71,

66.15, 70.06, 111.62, 125.79, 125.96, 126.97, 127.24, 127.55,

127.81, 128.08, 128.34, 128.45, 134.05, 137.10, 144.79,

156.00, 177.01; GC-MS/P-CI (ammonia): 502.4 (100%), 416.4

(49%)

f) Carbamates and carbonates

Mono N-substituted carbamates

A solution of 4.0 mmol of Intermediate B, benzylic ether

(formula VI, Rn = H) or monoester of formula II in dich1oro-

methane (20 ml) was treated at room temperature for 16 hrs

with isocyanate (4.8 mmol) or diisocyanate (2.2 mmol). After
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washing with 10 ml aqueous sodium hydrogen carbonate (5%,

w/v), drying (Na2SO4) and evaporation oily residues or col-

ourless solids of the free bases were obtained.

N-disubstituted carbamates

N,N—dialkyl-carbamoylchloride (4.4 mmol) was dissolved in

dichloromethane and dropped into a cooled (0°C) and stirred

mixture consisting of Intermediate B (4.0 mmol), dichloro—

methane (30 ml) and triethylamine (7.0 mmol, 0.71 mg, 1 ml).

Stirring was continued for 6 hrs. The mixture was :hen washed

with 5 portions (10 ml) of aqueous sodium hydrogen carbonate,

dried (sodium sulphate), filtered and evaporated to give the

carbamates as colourless oils or solids.

Bis—carbamates were prepared in like manner using Inter-

mediate B and excess isocyanate (4.8 mmol) and toluene as

solvent at 65°C over 18 hrs.

carbonates were prepared and worked-up according to the me-

thods described for the preparation of compounds of formulae

II to IV. Alkyl chloroformates were used as acylation re-

agents.

Hydrochlorides:

The oils or solids were redissolved in tetrahydroiuran (10

ad). Addition of ethereal hydrochloric acid and evaporation

to dryness in high vacuum gave crystalline or amorphous

carbamate hydrochlorides.

In particular, the following compounds were prepared and

their analytical data are given below:
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(i)—N—Ethylcarbamic acid 2-(3-diisopropylamino-1~pheny1—

propyl)-4-hydroxymethylphenyl ester, tlc: Rf 0.38 (4); GC-

MS/P—CI (ammonia, trimethylsilyl derivative): 486.8 (100%),

413.4 (5%), 398.4 (6%); hydrochloride: m.p. 64°C (with

decomposition); NMR (DMSO-d5): 15.16, 16.68, 18.05, 18.13,

25.33, 31.26, 35.46, 53.94, 62.65, 67.22, 123.04, 125.70,

126.72, 127.86, 128.67, 135.42, 136.02, 140.07, 142.98,

147.53, 154.52

(t)—N,N-Dimethylcarbamic acid 2—(3—diisopropy1amino—1—

phenylpropyl)—4—hydroxymethy1pheny1 ester

NMR (CDCl3): 20.34, 20.66, 30.51, 36.33, 36.77, 42.00, 48.28,

50.21, 65.65, 119.83, 123.44, 125.19, 126.60, 127.38, 127.54,

129.31, 136.62, 143.33, 150.99, 155.67.

(i)-N,N—Diethy1carbamic acid 2-(3—diisopropylamino—1-

phenylpropyl)—4—hydroxymethy1pheny1 ester

NMR (CDCl3): 20.54, 20.66, 30.49, 35.61, 42.42, 48.31, 50.20,

65.56, 119.43, 123.40, 125.33, 126.66, 126.99, 127.05,

136.30, 143.27, 149.13, 154.97

(i)—N-Phenylcarbamic acid 2-(3-diisopropylamino-1-phenyl-

propyl)~4-hydroxymethylphenyl ester; NMR (CDC13): 20.52,

20.61, 36.91, 39.44, 42.25, 48.22, 62.66, 118.36, 119.46,

123.50, 125.32, 127.11, 127.99, 130.15, 132.63, 139.65,

141.33, 145.16, 152.21, 156.00

(i)—[2—(3-Diisopropy1amino—1—pheny1propy1)-4-hydroxymethyl-

phenoxycarbonylamino]acetic acid ethyl ester hydrochloride

Tlcz Rf 0.14 (4); m.p. colourless crystals (from acetone, 21%

yield); NMR (CDCI3): 16.76, 16.86, 18.45, 20.96, 31.37,

42.20, 46.13, 54.56, 65.50, 123.10, 126.98, 127.66, 128.72,
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130.14, 134.05, 134.72, 135.22, 141.37, 148.47, 165.12,

170.71

(i)-N—Ethylcarbamic acid 3-(3—diisopropylamino-l-pbeny1-

propyl)-4—N—ethy1carbamoyloxybenzyl ester, tlc: Rf 0.36 (3);

NMR (CDCI3): 15.00, 19.23, 19.40, 33.26, 36.00, 39.62, 42.35,

48.12, 65.95, 118.30, 125.45, 127.08, 128.33, 130.37, 134.24,

144.44, 155.44, 157.74

(i)—N,N-Dimethylcarbamic acid 3-(3-diisopropylamino-1-

phenylprqpyl)-4—N,N—dimethylcarbamoyloxybenzyl ester

NMR (CDCl3): 20.59, 20.66, 30.59, 35.96, 36.40, 36.74, 36.98,

42.03, 48.26, 50.09, 67.09, 119.04, 123.23, 123.49, 125.01,

126.67, 127.72, 129.33, 133.65, 143.43, 150.99, 155.63.

(:)—N,N-Diethylcarbamic acid 3-(3—diisopropy1amino—l—phenyl-

propyl)-4—N,N-diethylcarbamoyloxybenzyl ester

NMR (CDC13): 13.31, 13.64, 13.89, 20.33, 20.71, 31.57, 37.97,

41.55, 42.37, 48.46, 51.00, 67.23, 120.00, 123.39, 124.82,

126.31, 126.95, 127.33, 150.36, 157.18, 158.97.

(1)-[4-[2-(3—DiisoprQpy1amino-1-phenylpropyl)-4-hydroxy-

methyl-phenoxycarbonylamino]-butyl]-carbamic acid 2-(3-

diisopropylamino-1-phenylpropyl)—4—hydroxymethylphenyl ester

(formula VII‘, X = Y = NH, n = 4) tlc: R5 0.60 (6);

dihydrochloride m.p. 142.5-l45.6°C

(i)-Carbonic acid 2-(3-diisoprqpylamino-1-phenylpropyl}~4-

hydroxymethylphenyl ester ethyl ester, Rf 0.67 (4)

(i)-Carbonic acid 2-(3-diisopropylamino—1-phenylpropyl)-4-

ethoxycarbonyloxymethylphenyl ester ethyl ester, Rf 0.87 (4)
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g) Intramolecular cyclic diesters via Ring Closing

Metathesis (RCM)

O

0 I 0

 / Q JLH;\\”“(cH,)v 0%°H2)V(CH )3’0"‘Lo 2 0-40 1 0-10
N(j_Pr)2 (I-Pr), N(I‘P")2

Example:

(i)-Pent-4-enoic acid 2-(3—diisopropy1amino-1—phenylpropyl)-

4-(pent-4-enoyloxymethyl)—phenyl ester (x = y = 2)

A cooled (4°C) mixture of pent-4—enoic acid, isobutyl chloro~

formate, and triethylamine (each 5.84 mmol) in 10 ml of di-

chloromethane was stirred 5 hrs under an atmosphere of dry

nitrogen gas. The cooling bath was then removed and both

triethylamine (1.46 mmol) and 2-(3-diisopropy1amino—1—pheny1—

propyl)-4—hydroxymethylphenol (1.46 mmol) were added in one

portion. After 18 hrs the mixture was diluted with dichloro-

methane (30 ml), washed several times with water and finally

aqueous 5% sodium hydrogen carbonate solution. After drying

(sodium sulphate), filtration and evaporation the oily

residue was re—dissolved in a small volume of a solvent

mixture consisting of ethyl acetate/heptane/triethylamine

(65/30/5,-vol.—%) and applied on a silica gel flash chroma-

tography column. Elution of the column with the same solvent

mixture, collection of the appropriate fractions, and eva-

poration of the combined fractions gave (i)-pent—4—enoic acid

2-(3—diisopropylamino-1-phenylpropyl)-4—(pent-4-enoyloxy—

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1179



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1180

W0 99/58478 PCT/EP99/03212

_ 84 _

methyl)-phenyl ester as a pale yellow syrupy oil (50% yield),

tlc: (4) 0.75. NMR (CDCl3): 18.95, 20.77, 27.75, 28.87,

33.58, 36.83, 42.13, 43.72, 48.71, 65.85, 70.55, 115.47,

115.99, 122.45, 126.26, 127.08, 127.96, 128.11, 128.83,

133.73, 136.38, 136.79, 137.04, 143.77, 148.46, 171.11,

172.78.

Intramolecular cyclic diesters of 1,m-dioic acids and

Intermediate B

Examgle

Intramolecular cyclic diester of octane—1,8-dioic acid and 2-

(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethyl-phenol

Grubbs catalyst (benzylidene-bis-(tricyclohexylphosphine)-

dichlororuthenium, 16 mg, 0.002 mmol, 2 mol-%) was added to a

solution of (r)—pent-4—enoic acid 2-(3—diisopropy1amino-1-

phenylpropyl)-4-(pent-4-enoyloxymethyl)—pheny1 ester (483 mg,

0.96 mmol) in dichloromethane (150 ml) and the mixture was

refluxed for 96 hrs. under an atmosphere of nitrogen gas,

after which all of the starting material was consumed as

indicated by tlc. The mixture was filtered through a short

pad of basic alumina, and the solvent was removed in vacuum.

Flash chromatography (solvent system (4)) afforded the

intermediate intramolecular cyclic diester of oct—4-ene—1,8-

dioic acid and 2-(3—diisopropylamino)F1-(pheny1propyl)—4—

hydroxymethyl—phenol (324 mg) as a colourless syrup (tlc: (4)

Rf 0.68) in 71% yield, mixture of two geometrical isomers.

NMR (CDCl3, major isomer): 19.24, 20.61, 23.11, 25.62, 30.55,

33.53, 35.02, 42.41, 48.29, 50.20, 65.30, 114.46, 124.33,

125.58, 127.15, 128.70, 129.29, 131.10, 132.46, 139.54,

146.76, 147.98, 173.76, 174.39.

A portion of this material (140 mg) was dissolved in ethyl

acetate (10 ml) and hydrogenated at room temperature in the
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presence of palladium-on carbon catalyst to afford the

intramolecular cyclic diester of octane-1,8-dioic acid and 2-

(3-diisopropylamino—1-phenylpropyl)-4-hydroxymethyl—phenol in

essentially quantitative yield, 139 mg, colourless oil, tlc:

(4) 0.71.

NMR (CDCl3): 19.36, 20.73, 24.84, 25.28, 28.90, 29.70, 30.57,

33.72, 34.37, 42.39, 48.26, 50.20, 65.26, 114.45, 124.37,

127.11, 128.67, 129.29, 131.18, 132.45, 139.52, 146;77,

147.69, 173.90, 174.15.

Po1y—co-DL—Lact1des of Intermediate B

All reagents were dried over P205 in vacuum (< 1 mbar) and at

room temperature. The reactions were carried out at room

temperature in an atmosphere of dry, oxygen—free nitrogen.

Low Molecular Weight Copolymer

A 15% solution of n—butyllithium (0.36 ml) was injected

through a rubber septum into a stirred solution of 2—(3-

diisopropylamino-phenylpropyl)-4-hydroxymethyl-phenol (100

mg, Intermediate B) and DL—dilactide (1.5 g) in 15 ml of dry

toluene. The polymerization was allowed to proceed for 4 days

at room temperature. Distilled water (10 ml) was then added

in order to terminate the polymerization. The organic phase

was separated and slowly dropped into 200 ml of methanol. The

precipitated colourless oil was treated with water (100 ml)

and then dried in high vacuum for 48 hrs.

The copolymer was obtained in 72.7% yield. NMR analysis (see

below) indicated an average molecular weight range of M“

2000-4000 and a weight content of Intermediate B of about

8.4% (NMR). Tlc analysis showed the absence of monomeric

Intermediate B. Gel permeation chromatography (GPC) analysis

showed a Mw of 1108 and a Mn of 702.
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High Molecular Weight Copolyger

The high molecular weight copolymer was prepared as described

above with the exception that 3.0 g of DL-dilactide was used.

Precipitation by methanol gave a fluffy white solid which was

carefully washed with water and then dried as desribed to

give the copolymer in 81% yield. NMR analysis (see below)

indicated an average molecular weight range of M3 4000-8000

and a weight content of Intermediate B of about 2.0%. Tlc

analysis showed the absence of monomeric Intermediate B. Gel

permeation chromatography (GPC) showed a Mw of 9347 and a Mn

of 6981. Differential scanning calorimetry (DSC) provided a

Tg of 42.5°C.

NMR Analysis

The 1H NMR resonance signals of the poly-lactyl chain were

clearly separated from the copolymeric part of Intermediate B

(solvent CDC13):

CH3 resonances of the poly-lactyl chain: l.30~1.60 ppm

CH resonances of the poly-lactyl chain: 5.10-5.30 ppm

CH resonances of the connecting lactyl units with the two

hydroxy groups of Intermediate B: 4.8-5.0 ppm and 5.5-5.7

PPm-

Polymer bound Intermediate B: 1.06-1.11 (CH3), 2.20-2.30

(czxzflz), 2.40-2.80 (Nfizl. 3.30-3.50 (N.C_H), 4.45-4.55

(C_HCH2), 4.70-4.80 (E2-OCO-lactyl), 6.70-7.30 (aryl _c_I_I).
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h) Inorganic ester

Example:

(i)-Benzoic acid 2-(3-diisopropy1amino—1-phenylpropyl)-4-

sulphooxymethyl-phenyl ester

Hydrochloride

To a stirred solution of chlorosulphonic acid (116 mg, 1.0

mmol) in 5 ml of dry diethyl ether was slowly added at 0°C a

solution of (i)-benzoic acid 2-(3-diisopropylamino-1-phenyl-

propyl)-4—hydroxymethylphenyl ester (445.6 mg, 1.0 mmol) in 3

ml of dry diethyl ether. The gel formed immediately during

the addition was stirred at room temperature until it became

a crystalline consistency (ca. 1 hr). The precipitate was

washed several times with diethyl ether and then dried in

vacuum to give 0.52 g (46% yield) colourless crystals, m.p.

63-65°C. NMR (CDCI3): 16.85, 17.03, 18.32, 18.49, 32.01,

42.29, 46.23, 55.23, 55.50, 69.24, 122.52, 126.94, 127.15,

129.04, 129.76, 130.25, 133.89, 134.93, 136.85, 141.87,

147.80, 165.19.

i) Benzylic 1-O-B-D-glucuronide of 2-(3-diisopropylamino-1-

phenylpropyl)-4—hydroxymethy1phenol

((:)-2-(3-Diisopropy1amino—1-phenylpropyl)-4-(1B-D-

glucuronosyloxymethyl)-phenol)
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A solution of methyl 2,3,4—triacety1-1-a-D—glucuronosyl-

bromide (2.07 g, 4.64 mmol) in 24 ml of dry toluene was

cooled to -25°C under an atmosphere of nitrogen and then

treated with a solution of (i)-benzoic acid 2—(3—diisopropy1-

amino-1—phenylpropyl)-4-hydroxymethylphenyl ester in 7 ml of

toluene. To this mixture was added dropwise with stirring and

under protection from light a solution of silver triflate in

14 ml of toluene (immediate formation of a white precipi-

tate). The cooling bath was removed after 15 min and pyridine

(0.38 ml) was added. The mixture was diluted with ethyl ace-

tate (200 ml), filtered and the clear yellow filtrate was

washed sequentially with aqueous solutions of sodium thic-

sulphate (5%), sodium hydrogen carbonate (5%), and sodium

chloride (20%). The solution was dried with solid sodium

sulphate, treated with charcoal, filtered and evaporated to

dryness. The waxy residue was re—dissolved in a small volume

of a solvent mixture consisting of ethyl acetate/heptane/tri-

ethylamine (65/30/S, vol.-%) and applied on a silica gel

flash chromatography column. Elution of the column with the

same solvent mixture, collection of the appropriate frac-

tions, and evaporation of the combined fractions gave

(:)—benzoic acid 2-(3—diisopropylamino—l-phenylpropyl)-4-

(2,3,4-triacetyl-lfl-D-glucuronosyloxymethyl)-phenyl ester,

colourless syrup, tlc (4) 0.70 (starting amine: 3.31, bromo

glycoside: 0.23), yield 14%.

NMR (CDCl3, mixture of diastereomers): 20.41, 20.50, 20.60,

20.65, 20.84, 36.49, 42.44, 43.65, 48.73, 52.91, 69.46,

70.43, 71.12, 72.11, 72.60, 73.99, 99.19, 122.91, 126.23,

126.38, 126.54, 127.60, 127.92, 128.06, 128.09, 128.31,

128.59, 129.38, 130.22, 133.67, 134.31, 137.41, 143.52,

148.46, 164.82, 167.26, 169.21, 169.39, 170.07.
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A portion (350 mg) of the above described material was dis-

solved and hydrolyzed in a solvent mixture consisting of

tetrahydrofuran/methanol/aqueous potassium hydroxide (excess,

12 hrs, 22°C). The mixture was evaporated, re-dissolved in 5

ml of water and the pH was adjusted to 8.3. This solution was

applied to a chromatography column charged with prewashed XAD

2 resin (50 g). The column was washed with water (ca. 250 ml)

and then eluted with methanol. Collection of the appropriate

methanol fractions, and evaporation of the combined fractions

in vacuum gave 111 mg of

(i)-2-(3-diisopropylamino-1-phenylpropyl)-4-(lfl-D—glucurono-

syloxymethyl)-phenol, sodium salt,

amorphous colourless solid, m.p. E l10—l24°C (dec.), tlc (4)

0.12. NMR (CD3OD, major isomer): 19.43, 19.67, 33.26, 39.63,

42.27, 48.23, 69.76, 73.55, 74.70, 75.95, 78.03, 107.64,

117.95, 125.51, 127.36, 128.33, 133.83, 134.77, 144.49,

155.36, 176.76.

II. Incubations of different compounds of the invention with

human liver S 9—fraction

a) Incubation of unlabelled substrates/

A pooled human liver S 9—preparation was used to show the in-

vitro metabolism of different compounds of the invention and

to prove the generation of the active metabolite by enzymatic

process.

The pooled human liver S 9—preparation was delivered by

Gentest, Woburn, MA, USA.

In a routine assay, 25 yL of pooled human liver S9 (20 mg

protein/mL, H961, Gentest, Woburn, MA, USA) was incubated
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for 2 hrs at 37°C with 40 pM substrate in a 0.01 M potassium

phosphate buffer in the presence of NADPH (1 mM). The reac-

tion was quenched by the addition of concentrated perchloric

acid and precipitating protein was removed by centrifugation.

The supernatant was adjusted to pH 3 with concentrated potas-

sium phosphate solution, centrifuged, and injected into the

HPLC for analysis of the respective products.

The analysis of the non-deuterated compounds was performed by

a routine High Pressure Liquid Chromatography (HPLC) method

with UV-detection.

The incubation results expressed in (%) of theoretical turn-

over are presented in Fig. 1.

They ranged from 96 to 63.2%. The formation of the active

metabolite is dependent on the substituents both at the

benzylic and phenolic side of the respective compounds.

Explanation:

The prodrugs introduced in the assay show the following

chemical structure:

Y

X
/

/,0 ’

chemical structure X-/-Y

AcO—/—OAc means acetate

HO-/-OBut means hydroxy and g-butyrate

HO-/-OiBut means hydroxy and iso-butyrate
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iButO-/-OiBut means iso-butyrate

ButO—/—OBut means g-butyrate

PropO—/-OProp means proprionate

HO—/—OProp means hydroxy and proprionate

HO~/—OAc means hydroxy and acetate

BzO—/—OBz means benzoate and benzoate

AcO—/-OiBut means acetate and isobutyrate

AcO-/-OBz means acetate and benzoate

b) Incubation of labelled substrates

The metabolic degradation of the unlabelled hydroxy meta-

bolite (i.e. Intermediate B) and the deuteriated hydroxy-

metabolite (Intermediate d2B) were compared in vitro. Used

were the respective enantiomers and the racemates.

The hydroxy metabolite and the deuteriated hydroxy-metabolite

expressed significant differences in the rate to produce the

corresponding carboxylic acid.

The measurement was performed with an incubation time of 3

hrs at 37.0°C in a concentration of 40 pM. The formation of

the carboxylic acid from the deuteriated hydroxy-metabolite

showed a significantly decreased velocity of 10%.

These in—vitro experiments indicate a reduced metabolic

turnover of the deuteriated compound in vitro, which may

result in higher plasma levels.

c) Receptor binding study

W0 94/11337 discloses that the active metabolite has high

affinity to muscarinic receptors in the guinea-pig bladder.

Different compounds of the present invention were tested in
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a well established standardized assay, measuring the binding

of [3H]~methylscopolamine to recombinant human M3 receptors.

BsR—M3H cells transfected with a plasmid encoding the human

muscarinic M3 receptor were used to prepare membranes in

modified Tris-HCl pH 7.4 buffer using standard techniques. An

aliquot of the membrane preparation was incubated with [3H]-

methylscopolamine in the presence or absence of different

concentrations of several compounds of the invention for 60

minutes at 5°C. Nonspecific binding was estimated in the

presence of 1 pM atropine. Membranes were filtered and washed

three times and the filters were counted to determine the

amount of [3H]—methylscopolamine specifically bound. The fol-

lowing table shows the ICW values of several compounds of

the invention in the M3 receptor binding assay.

Interaction with human M3 receptors in vitro

BzO-/-OBz 2400

 

 
  

  
  
 
 

 

 

AcO—/—OiBut 3600

ACO-/-OBZ 5400 '

These data clearly showed that derivatization at the phenolic

hydroxyl moiety results in an about 20 times less potent

binding. if both functionalities are derivatized, the binding

is even more dramatically reduced. Furthermore, it is demon-

strated that the enantiomers of the active metabolite exhibit

a marked difference in the binding characteristics to human

M3 receptors.
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The compounds were tested for their anticholinergic activity

in a standard tissue assay, the guinea-pig ileum. A segment

of ileum was obtained from Duncan Hartley guinea-pigs which

were sacrified by cervical dislocation. The tissue was placed

under 1 g tension in a 10 ml bath containing Krebs‘ solution

(pH 7.4, 32°C) and the concentration-dependent ability of

different compounds to reduce the methacholine—induced (0.6

pM) contractile response was recorded. The TC” values for

the different substances were calculated and examples are

presented in the following table.

Anticholinergic activity in guinea—pig ileum in vitro

 

 
  
  

 
 

These data confirm the results obtained in the receptor

  

binding assays and demonstrate that the anticholinergic

activity of the compounds decreases with increased

derivatization.

d) Biological membranes

Different compounds of the invention were tested for their

ability to penetrate the human skin (200 pm thick) in the

"Flow through cell" at 32°C according to Tiemessen et al.

(Acta Pharm. Technol. 1998; 34:99—101). Phosphate buffer

(pH 6.2) was used as the acceptor medium. Samples were drawn

at different time points and analysed by RP—HPLC with UV de-
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tection (220 nm). Permeation profiles were plotted and mean

flux rates of different substances were calculated by linear

regression analysis. The data obtained for different com-

pounds of the invention are summarized in the following
table.

Penetration through human skin

 

 
 

 

 
 

Flux rate

 

 

[pg/cmz/24hrs]

HO-/-OiBut lSO

iButO-/-OiBut

Propo-/—OProp

Disubstitution of the hydroxy group of HO—/-OH leads to a

 
  

Z 20-fold increase in skin permeation in relation to the

parent HO—/—OH. Suprisingly monosubstitution of the penolic

hydroxy group resulted in even higher 50-fold penetration

rate through human skin.

Taken together, these biological data clearly demonstrate

that the compounds of the invention have a reduced affinity

to bind to human muscarinic M3 receptors. They exhibit an

increased penetration through biological membranes, e.g. the

human skin, and they are rapidly transformed to the active

metabolite, once they have entered the systemic circulation

as shown by the in vitro metabolism by the human liver S9

preparation.

Thus, the antimuscarinic prodrugs according to this invention

showed a profile that defines excellent prodrugs.
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Claims

1. 3,3—Diphenylpropylamines of the general formulae I and

VII ' :

X

am

no “Iii X
A A

0 F°"""'a ' Formula vu'

 
wherein R and R‘ are independently selected from

a) hydrogen, C1-C5 alkyl, C3-Cm cycloalkyl, substituted or

unsubstituted benzyl, allyl or carbohydrate; or

b) formyl, C1-Csalkylcarbonyl, cycloalkylcarbonyl, sub-

stituted or unsubstituted arylcarbonyl, preferably benzoyl;

or

c) C1-C5 alkoxycarbonyl, substituted or unsubstituted aryl-

oxycarbonyl, benzoylacyl, benzoylglycyl, a substituted or

unsubstituted amino acid residue; or
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d) R‘
. \

FLCCL wherein R4 and R5 independentl
//’ Y

Rs

represent hydrogen, C1-C6 alkyl, substituted or unsubstituted

aryl, preferably substituted or unsubstituted phenyl, benzyl

or phenoxyalkyl wherein the alkyl residue has 1 to 4 carbon

atoms and wherein R4 and R5 may form a ring together with the

amine nitrogen; or

e) R5
\

“LS0? wherein R6 and R7independently

represent C1-C6 alkyl, substituted or unsubstituted aryl,

preferably substituted or unsubstituted phenyl, benzyl

or phenoxyalkyl wherein the alkyl residue has 1 CO 6 carbon

atoms; or

f) an ester moiety of inorganic acids,

g) —SiEJgRc, wherein R3, R5, Rcare independently selected

from C1-C4 alkyl or aryl, preferably phenyl,

with the proviso that R‘ is not hydrogen, methyl or benzyl if

R is hydrogen, R is not ethyl if R‘ is hydrogen,

X represents a tertiary amino group of formula Ia

Fonnula la
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wherein R8 and R9 represent non—aromatic hydrocarbyl groups,

which may be the same or different and which together contain

at least three carbon atoms, and wherein R8 and R5 may form a

ring together with the amine nitrogen,

Y and Z independently represent a single bond between the

(CHfln group and the carbonyl group, O, S or NH,

A represents hydrogen (IH) or deuterium (2H),

nisOtol2

and

their salts with physiologically acceptable acids, their free

bases and, when the compounds can be in the form of optical

isomers, the racemic mixture and the individual enantiomers.

2. 3,3-Diphenylpropylamines as claimed in claim 1, wherein

X is

/CH<CH3)g
___N\\

CH(CH3fi

3. 3,3-Diphenylpropylamines as claimed in claim 2 selected

from phenolic monoesters represented by the general formulae

II and II‘
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Formula II’

wherein R; represents hydrogen, C1-C5 alkyl or phenyl.

4. 3,3-Diphenylpropylamines as claimed in claim 3 selected

from:

(i)—formic acid 2-(3—diisopropylamino—1-phenylpropyl)-4-

hydroxymethylphenyl ester,

(i)-acetic acid 2-(3—diisopropylamino-1-phenylpropyl)-4-

hydroxymethylphenyl ester,

(i)-propionic acid 2-(3—diisopropylamino-1-phenylpropyl)-4-

hydroxymethylphenyl ester,

(i)-n—butyric acid 2-(3-diisopropylamino—1-phenylpropyl)-4-

hydroxymethylphenyl ester,

(r)-isobutyric acid 2-(3~diisopropylamino-1—phenylpropyl)-4-

hydroxymethylphenyl ester,

R—(+)—isobutyric acid 2-(3-diisopropy1amino—1-phenylpropyl)-

4-hydroxymethylphenyl ester,

(i)-2,2~dimethylpropionic acid 2—(3—diisopropylamino—1-

phenylpropyl)-4-hydroxymethylphenyl ester,

(i)—2—acetamidoacetic acid 2-(3—diisopropylamino-1-

phenylpropyl)-4—hydroxymethylphenyl ester,

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1194



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1195

W0 99/53473 PCT/EP99/03212

_ 99 _

(:)—cyclopentanecarboxylic acid 2—(3-diisopropy1amino—1-

phenylpropyl)—4—hydroxymethylphenyl ester,

(i)-cyclohexanecarboxylic acid 2—(3-diisopropylamino—1-

phenylpropyl)-4—hydroxymethylphenyl ester,

(i)—benzoic acid 2-(3-diiscpropylamino-l-phenylpropyl)-4~

hydroxymethylphenyl ester,

R-(+)-benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

hydroxymethylphenyl ester,

(i)—4—methylbenzoic acid 2-(3—diisopropy1amino-1—phenyl-

propyl)-4-hydroxymethylphenyl ester,

(i)-2-methylbenzoic acid 2-(3—diisopropylamino—1—phenyl-

propyl)-4-hydroxymethylphenyl ester,

(i)-2—acetoxybenzoic acid 2-(3-diisopropylamino-l—pheny1—

propyl)-4—hydroxymethylphenyl ester,

(i)-1-naphthoic acid 2-(3-diisopropylamino—1—phenylpropyl)-4-

hydroxymethylphenyl ester,

(i)-2—naphthoic acid 2-(3—diisopropylamino-1—phenylpropyl)-4-

hydroxymethylphenyl ester,

(i)—4-chlorobenzoic acid 2-(3-diisopropy1amino-1~phenyl-

propyl)-4-hydroxymethylphenyl ester,

(i)-4-methoxybenzoic acid 2-(3-diisopropylamino-1-phenyl-

propyl)-4-hydroxymethylphenyl ester,

(i)-2~methoxybenzoic acid 2-(3—diisopropylamino-1—phenyl-

propyl)-4—hydroxymethylpheny1 ester,

(i)-4-nitrobenzoic acid 2-(3—diisopropy1amino—1—phenyl—

propyl)-4-hydroxymethylphenyl ester,

(t)-2-nitrobenzoic acid 2-(3-diisopropylamino-1-phenyl-

propyl)-4-hydroxymethylphenyl ester,

(i)-malonic acid bis-[2-(3-diisopropylamino-1-phenylpropyl)-

4-hydroxymethyl-phenyl]ester,

(i)—succinic acid bis—[2—(3-diisopropylamino-1-phenylpropyl)-

4-hydroxymethyl—phenyl]ester,
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(i)-pentanedioic acid bis-[2-(3-diisopropy1amino-1—phenyl—

propyl)-4-hydroxymethyl-phenyl]ester,

(i)—hexanedioic acid bis-[2-(3—diisopropylamino-1—phenyl-

propyl)-4-hydroxymethyl—phenyl]ester.

S. 3,3-Diphenylpropylamines as claimed in claim 2 selected

from identical diesters represented by the general formula

III

Formula Ill

wherein R; is defined as in claim 3.

6. 3,3-Diphenylpropylamines as claimed in claim 3 selected

from:

(i)-formic acid 2-(3-diisopropylamino-1—phenylprcpy1)-4-

formyloxymethylphenyl ester,

(i)-acetic acid 4—acetoxy—3—(3-diisopropylamino-1-

phenylpropyl)-benzyl ester,

(i)-propionic acid 2-(3-diisopropylamino—1—pheny1propyl)-4-

propionylcxymethylphenyl ester,

(i)-n-butyric acid 4-n-butyryloxymethyl—2-(3-diisopropy1—

amino—1—phenylpropyl)—pheny1 ester,

(t)-isobutyric acid 2-(3—diisopropylamino-1-phenylpropyl)-4-

isobutyryloxymethylphenyl ester,

(i)-2,2—dimethy1propionic acid 3-(3-diisopropylamino—1-

phenylpropyl)-4-(2,2-dimethyl-propionyloxy)—benzyl ester,

(i)-benzoic acid 4-benzoyloxymethyl-2-(3-diisopropylamino—l-

phenylpropyl)-phenyl ester,
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R—(+)—benzoic acid 4—benzoyloxymethyl—2—(3—diisopropylamino—

1-phenylpropyl)-phenyl ester,

(i)-pent-4-enoic acid 2-(3-diisopropylamino-1—phenylpropyl)—

4-(pent-4-enoyloxymethyl)-phenyl ester,

cyclic oct-4—ene—1,8—dioate of Intermediate B,

cyclic octane-l,8—dioate of Intermediate B,

poly-co-DL—lactides of Intermediate B.

7. 3,3—Dipheny1propylamines as claimed in claim 2 selected

from mixed diesters represented by the general formula IV

Formula IV

wherein R: is defined as in claim 3

and

R2 represents hydrogen, Cl-C5 alkyl or phenyl

with the proviso that R} and R2 are not identical.

8. 3,3-Diphenylpropylamines as claimed in claim 7 selected

from:

(i)~acetic acid 2-(3-diisopropylamino—l-phenylpropyl)-4-

formyloxymethylphenyl ester,

(i)-benzoic acid 2-(3-diisopropylamino—1-phenylpropyl)-4-

formyloxymethylphenyl ester,
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(t)-benzoic acid 2-(3—diisopropylamino-1-phenylpropyl)-4-

acetoxymethylphenyl ester,

R~(+)—benzoic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

acetoxymethylphenyl ester,

(i)—isobutyric acid 4—acetoxymethyl-2-(3—diisopropylamino—l-

phenylpropyl)-phenyl ester,

R—(+)-isobutyric acid 4-acetoxymethyl-2-(3-diisopropylamino-

1—pheny1propy1)—phenyl ester,

(t)-2,2-dimethylpropionic acid 4—acetoxy—3-(3-diisopropy1—

amino—1—phenylpropyl)—benzyl ester,

(i)—2,2-dimethylpropionic acid 4—acetoxymethyl—2—{3—diiso—

propylamino—1-phenylpropyl)-phenyl ester,

(i)-benzoic acid 4—benzyloxy-3-(3—diisopropylamino—1—phenyl—

propyl)—benzyl ester.

9. 3,3—Diphenylpropylamines as claimed in claim 2 selected

from benzylic monoesters represented by the general formula V

><v\(v

O

wherein R1 is defined as in claim 3.

10. 3,3—Diphenylpropylamines as claimed in claim 9 selected

from:

(i)-formic acid 3-(3—diisopropylamino-1—phenylpropyl)-4-

hydroxybenzyl ester,

(i)-acetic acid 3-(3—diisopropylamino-1-phenylpropyl)-4-

hydroxybenzyl ester,
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(:)-propionic acid 3-(3—diisopropylamino—l—pheny1propyl)-4-

hydroxybenzyl ester,

(i)—butyric acid 3-(3—diisopropylamino—l-phenylpropyl)-4-

hydroxybenzyl ester,

(i)-isobutyric acid 3-(3-diisopropy1amino—1-phenylpropyl)-4-

hydroxybenzyl ester,

(i)—2,2-dimethylpropionic acid 3-(3-diisopropy1amino—l—

phenylpropyl)-4—hydroxybenzyl ester,

(i)—benzoic acid 3-(3-diisopropy1amino—1-phenylpropyl)-4-

hydroxybenzyl ester.

11. 3,3-Diphenylpropylamines as claimed in claim 2 selected

from ethers and silyl ethers represented by the general for-

mula VI

@ Formula VI

wherein at least one of R” and Rn is selected from C14;

alkyl, benzyl or -SiR3Rgg as defined in claim 1 and the

other one of R” and Rn may additionally represent hydro-

gen, C1-C5 alkylcarbonyl or benzoyl.

12. 3,3-Diphenylpropylamines as claimed in claim 11 selected

from:

(i)-2-(3-diisopropy1amino-1—phenylpropyl)-4-methoxymethyl-

phenol,
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(i)-2-(3-diisopropylamino—1—phenylpropy1)-4-ethoxymethyl—

phenol,

(i)-2-(3-diisopropylamino—1—phenylpropyl)-4—propoxymethyl—

phenol,

(i)—2—(3-diisopropylamino-1-phenylpropyl)-4-isopropoxy-

methylphenol,

(i)-2-(3-diisopropylamino—1—phenylpropyl)-4-butoxymethyl-

phenol,

(i)—acetic acid 2-(3-diisopropylamino—l-phenylpropyl)-4-

methoxymethylphenyl ester,

(i)-acetic acid 2-(3—diisopropylamino—1-phenylpropyl)-4-

ethoxymethylphenyl ester,

(i)-2-(3~diisopropylamino-1-phenylpropyl)—4—trimethyl-

silanyloxymethylphenol,

(i)-diisopropyl—[3-phenyl—3-(2-trimethylsilanyloxy—5-tri-

methylsilanyloxymethylphenyl)—propy1]-amine,

(i)-[3-(3—diisopropylamino—1—phenylpropy1)-4-trimethyl—

silanyloxyphenyl]—methanol,

(i)-diisopropyl—[3-(5—methoxymethyl—2—trimethy1silanyl-

oxyphenyl)-3-phenylpropylamine,

(i)—diisopropyl-[3-(5—ethoxymethyl—2-trimethylsilanyl-

oxyphenyl)-3-phenylpropylamine,

(i)—[4-(tert.—buty1—dimethylsilanyloxy)-3—(3—diisopropyl—

amino-1-phenylpropyl)-phenyl]—methanol,

(i)-acetic acid 4-(tert.-butyl—dimethy1silanyloxy)~3-(3-

diisopropylamino-1-phenylpropyl)-benzyl ester,

(i)-4-(tert.-butyl-dimethylsilanyloxy)-3-(3-diisopropylamino-

1-phenylpropyl)-phenol,

(i)-acetic acid 4-(tert.—butyl—dimethy1si1any1oxy)-2-(3-

diisopropy1amino—1—phenylpropyl)—phenyl ester,

(i)-{3-[2-(tert.-butyl-dimethylsilanyloxy)-5-(tert.-butyl-

dimethylsilanyloxymethyl)—phenyl]-3—phenylpropyl}—

diisopropylamine,
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(1)-[4-(tert.—butyl—diphenylsi1anyloxy)-3-(3—diisopropyl-

amino-1-phenylpropyl)—phenyl]-methanol,

(i)-acetic acid 4-(tert.-buty1—diphenylsilanyloxymethyl)-2-

(3-diisopropylamino—1—phenylpropy1)-phenyl ester,

(i)-4-(tert.—butyl—diphenylsilanyloxymethyl)-2-(3—diiso-

propylamino—1-phenylpropyl)-phenol,

(i)-{3-[2-(tert.-butyl-diphenylsilanyloxy)-5-(tert.-buty1-di-

phenylsilanyloxymethyl)—phenyl]-2-phenylpropyl}—diisopropyl-

amine,

(i)-acetic acid 4—benzyloxy—3—(3—diisopropylamino-1-phenyl-

propyl)-benzyl ester,

(:)—benzoic acid 4~benzyloxy—3-(3—diisopropylamino-1-phenyl-

propyl)—benzyl ester,

(i)-isobutyric acid 4-benzyloxy-3-(3—diisopropylamino—1—

phenylpropyl)-benzyl ester,

(i)~2-(3-diisopropylamino—l—phenylpropyl)-4—(lB—D-glucurono-

syloxymethyl)—phenol.

13. 3,3-Diphenylpropylamines as claimed in claim 2 selected

from carbonates and carbamates represented by the general

formulae VII and VIII

A A [

H0 3
O /\

{R0
R13 (|cH,)r

I o 2

Fgfnnfla V" I Formula VIII
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' wherein Y, Z and n are as defined in claim 1 and wherein R”

and R” represent a C1-C6 alkoxycarbonyl group or

wherein R4 and R5 are as defined in claim 1.

l4. 3,3-Diphenylpropylamines as claimed in claim 13 selected

from:

(r)—N-ethylcarbamic acid 2-(3—diisopropylamino—1—phenyl—

propyl)-4-hydroxymethylphenyl ester,

(t)-N,N-dimethylcarbamic acid 2—(3—diisopropy1amino-1-

phenylpropyl)—4—hydroxymethy1pheny1 ester

(i)-N,N-diethylcarbamic acid 2-(3—diisopropylamino—1—

phenylpropyl)-4-hydroxymethylphenyl ester

(i)-N—pheny1carbamic acid 2-(3—diisopropy1amino-l-phenyl-

propyl)-4—hydroxymethylphenyl ester,

(i)-[2-(3—Diisopropylamino—l—pheny1propyl)—4—hydroxymethyl-

phenoxycarbonylamino]acetic acid ethyl ester hydrochloride,

(i)-N-ethylcarbamic acid 3-(3—diisopropylamino-1—phenyl—

propyl)-4-N—ethylcarbamoyloxybenzyl ester,

(i)-N,N-dimethylcarbamic acid 3-(3-diisopropylamino-1-

phenylpropyl)-4-N,N—dimethylcarbamoyloxybenzyl ester,

(i)-N,N-diethylcarbamic acid 3-(3—diisopropylamino-1-

phenylpropyl)-4-N,N—diethylcarbamoy1oxybenzyl ester,

(i)—N—pheny1carbamic acid 3—(3—diisopropylamino-1-

phenylpropyl)-4—N-phenylcarbamoyloxybenzyl ester,

(i)-{4-[2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxy—

methylphenoxycarbonylamino]-butyl}-carbamic acid 2—(3-

diisopropylamino—1-phenylpropyl)-4-hydroxymethylphenyl ester,

(1)-carbonic acid 2-(3-diisopropylamino-1-phenylpropyl)-4-

hydroxymethylphenyl ester ethyl ester,
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(i)—carbonic acid 2-(3-diisopropylamino-1~phenylpropyl)-4-

hydroxymethylphenyl ester phenyl ester,

(t)—carbonic acid 2-(3-diisopropylamino—1-phenylpropyl)-4-

ethoxycarbonyloxymethylphenyl ester ethyl ester,

(t)—carbonic acid 2-(3—diisopropylamino-1-phenylpropyl)-4-

phenoxycarbonyloxymethylphenyl ester phenyl ester.

15. 3,3-Diphenylpropylamines selected from

(1) compounds of the formulae IX and IX‘

" V3
Formula IX '°""“'a "‘

wherein o and p are the same or different and represent the
I

number of methylene units 7 CH2}-and may range from 0 to 6,

(ii) (i)-Benzoic acid 2-(3—diisopropylamino—1—phenylpropy1}-

4—sulphooxymethy1—phenyl ester

(iii) Poly—co—DL—1actides of 2-(3—diisopropylamino—phenyl—

propyl)-4—hydroxymethyl—phenol

(iv) (t)-2-(3-Diisopropylamino—1—phenylpropyl)-4—(lB—D-

glucuronosyloxymethyl)-phenol having the formula

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1203



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1204

W0 99/53473 PCTIEP99/032 I 2

NY 
and

their salts with physiologically acceptable acids, their free

bases and, when the compounds can be in the form of optical

isomers, the racemic mixture and the individual enantiomers.

16. A process for the production of phenolic mcnoesters

represented by the general formula II

A A [i:]
Formula H

as defined in claim 3, which comprises treatment of a com~

H:XA(%"‘:'NTY

pound of the formula
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with an equivalent of an acylating agent selectefi from

wherein LG represents a leaving group selected from halo-
.. ... . 1. . .

genioe, carboxylate and imicazolide and R is as oefined

in claim 3, in an inert solvent in the presence cf a conden-

sating agent.

17. A process for the production of phenolic mcncesters rep-

resented by the general formula II‘

ofi/(cH.,)
O\

Ho A A ‘Y

Formula I!‘

as defined in claim 3, which comprises treatment cf two

equivalents of a compound of the formula

HO /
’‘ A [:5 NT
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with an acylating agent selected from

O o o
u n n

Hal—C-(CE-12),,-C-Hal Cr C‘ (CH2)n"

wherein Hal represents a halogen atom.

18. A process for the production of identical diesters rep-

resented by the general formula III

Forrnuia III

as defined in claim 5, which comprises treatment of a com-

pound of the formula

with at least two equivalents of the acylating agent as de-

fined in claim 16.
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1-. A process for the preparation of benzylic mcnoesters

represented by the general formula V

R‘~ o /' N\,/

TA/\A 1
Fomauia V

as defined in claim 9, which comprises treatment of a com-

pound cf the formula

at room temperature and under anhydrous conditions with acti-

vated esters in the presence of enzymes selected from lipases

OI‘ esterases .

20. A process for the preparation of mixed diesters rep-

resented by the general formula IV

Formula IV
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as defined in claim 7, which comprises acylation of a ben-

zylic monoester represented by the general formula V

Famnda V

as defined in claim 9 or of a phenolic monoester represented

by the formula II as defined in claim 3.

21. A process for the production of ethers represented by

the general formula VI

 
Formula VI

as defined in claim 11 wherein Ru is hydrogen which com~

prises reacting a compound of the formula
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with an alcohol Rm—OH in the presence of an esterification

catalyst.

22. A process for the preparation of ethers represented by

the general formula VI

Farrnula VI

wherein R” and Rn are as defined in claim 11, which com-

prises acid or base treatment of free benzylic alcohols

selected from

and
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and _

RYO

W Y
H0 / N\‘/A A

\

F1:n'nu|a|l

or

R11

6\

1o’o I / E:
R Z'\

Formula VI

wherein R” is hydrogen or

Formula VII

wherein R” is hydrogen and R” represents a C1-C5 alkoxycar-

bonyl group or

/
N43CF

\
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wherein R‘ and R5 are as defined in claim 1 or of benzylic

acylates selected from

R2

l Formula N
\ Formula HI

R1. Won T
Y2/\A ’ 7’

Famula V

wherein R1 and R2 are as defined in claim 7 in the presence

of suitable hydroxy reagents.

23. A process for the preparation of ethers of formula VI as

defined in claim 11, which comprises treating a compound of

the formula
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with an alkylating agent selected from alkyl halogenides,

alkyl sulphates and alkyl triflates, said alkyl group having

1 to 6 carbon atoms.

24. A process for the preparation of carbonates and carba—

mates represented by the general formulae VII and VIII

A A /k“°>3:’\K\”~

 

 

\¢KC /K|

Y/§

$1. $03,,“
, «:° T Y

R“ A/\A Y H \b|:[/A

Fommla V" Formula VIII

as defined in claim 13, which comprises reacting a compound

selected from the group consisting of
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Fotmuta V Formula VI

wherein R: is defined as in claim 3, n is 0 to 12, Bn is ben-

zyl, one of R" or R”'is hydrogen and the other one is as de-

fined in claim 11 with activated carbonyl compounds or car-

bonyl precursor reagents selected from haloformates, ketenes,

activated esters, mixed anhydrides of organic or inorganic

acids, isocyanates and isothiocyanates.

25. 3,3—Diphenylpropylamines as claimed in claims 1 to 15

for use as pharmaceutically active substances, especially as

antimuscarinic agents.
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26. A pharmaceutical composition comprising a 3,3-diphenyl-

propylamine as claimed in claim 1 to 15 and a compatible

pharmaceutical carrier.

27. Use of a 3,3-diphenylpropylamine as claimed in claims 1

to 15 for preparing an antimuscarinic drug.
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THERAPEUTIC FORMULATION FOR ADMINISTERING TOLTERODINE WITH CONTROLLED RELEASE

The present invention relates to an improved method of

treating unstable or overactive urinary bladder as well as

a formulation therefor.

A substantial part (5-10%) of the adult population

suffers from urinary incontinence, and the prevalence,

particularly of so-called urge incontinence, increases with

age. The symptoms of an unstable or overactive bladder

comprise urge incontinence, urgency and urinary frequency.

It is assumed that unstable or overactive bladder is caused

by uncontrolled contractions of the bundles of smooth

muscle fibres forming the muscular coat of the urinary

bladder (the detrusor muscle) during the filling phase of

the bladder. These contractions are mainly controlled by

cholinergic muscarinic receptors, and the pharmacological

treatment of unstable or overactive bladder has been based

on muscarinic receptor antagonists. The drug of choice has

.for a long time been oxybutynin.

Oxybutynin, which chemically is the DL-racemic form of

4-diethylamino—2-butynyl-phenylcyclohexylglycolate, is

given orally,‘usually as a tablet or syrup. Oxybutynin,

usually administered as the chloride salt, is metabolized

to an active metabolite, N-desethyl-oxybutynin. The drug is

rapidly absorbed from the gastrointestinal tract following

administration and has a duration of from three to six

hours. While the effectiveness of oxybutynin has been well

documented, its usefulness is limited by classical

antimuscarinic side-effects, particularly dry mouth, which

often leads to discontinuation of treatment.

WO 96/12477 discloses a controlled release delivery

system for oxybutynin, which delivery system is said not

only to be of convenience to the patient by reducing the

administration to a once daily regimen, but also to reduce

adverse side-effects by limiting the initial peak

concentrations of oxybutynin and active metabolite in the

blood of the patient.
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The alleged relief of side—effects by reducing or

eliminating peak concentrations through administration of

the controlled release delivery system is, however,

contradicted by a later published clinical report, Nilsson,

(1997) 533-

542, which describes clinical tests performed with the

C. G., et al., Neurourology and Urodynamics 16

controlled release delivery system disclosed in WO 96/12477

above. a 10 mg controlledIn the clinical tests reported,

release oxybutynin tablet was compared with the

administration of a conventional (immediate release) 5 mg

tablet given twice daily to urge incontinent patients.

While high peak levels of the drug obviously were

eliminated with the controlled release oxybutynin tablet,

no difference in side-effects between the controlled

release tablet and the conventional tablet was observed.

The advantage of the controlled release tablet thus resided

merely in enhancing treatment compliance by its once—a-day

dosage rather than also reducing side—effects as stated in

WO 96/12477.

Recently, an improved muscarinic receptor antagonist,

tolterodine, (R)-N,N—diisopropyl-3-(2-hydroxy-5-,

methylphenyl)*3-phenylpropanamine, has been marketed for

the treatment of urge incontinence and other symptoms of

unstable or overactive urinary bladder. Both tolterodine

the 5-hydroxymethyland its major, active metabolite,

derivative of tolterodine, which significantly contributes

to the therapeutic effect, have considerably less side-

effects than oxybutynin, especially regarding the

propensity to cause dry mouth. While tolterodine is

equipotent with oxybutynin in the bladder, its affinity for

muscarinic receptors of the salivary gland is eight times

lower than that of oxybutynin; see, for example,

Nilvebrant, L., et al., European Journal of Pharmacology

327 (1997) 195-207.

humans is described in Stahl, M. M. S.,

The selective effect of tolterodine in

et al.,

(1995) 647-655,

N., International Journal of Clinical Pharmacology and

Vol. 35, No. 7 (1995) 287-295.

Neurourology and Urodynamics 14 and Bryne,

Therapeutics,
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The currently marketed administration form of

tolterodine is filmcoated tablets containing 1 mg or 2 mg
of tolterodine L—tartrate for immediate release in the

gastrointestinal tract, the recommended dosage usually

being 2 mg twice a day. While, as mentioned, the side-

are much lower than foreffects, such as dry mouth,

oxybutynin, they still exist, especially at higher dosages.
According to the present invention it has now

surprisingly been found that, contrary to the case of

oxybutynin, the substantial elimination of peak serum

levels of tolterodine and its active metabolite through

controlled release of tolterodine for an extended period of

time, such as through a once—daily administration form,

while maintaining the desired effect on the bladder, indeed

gives a significant reduction of the (already low) side-

effects, particularly dry mouth, compared with those

obtained for the same total dosage of immediate release

tablets over the same period. In other words, eliminating

the peak serum levels of the active moiety affects the

adverse effects, and particularly dry mouth, more than the

desired effect on the detrusor activity, simultaneously as

the flattening of the serum concentration does not lead to

loss of activity or increased incidence of urinary

retention or other safety concerns. Thus, in addition to

the convenience advantage of controlled release

administration, one may either (i) for a given total dosage

of tolterodine, reduce the side—effects, such as dry mouth,

or (ii) for a given level of acceptable side—effects,

increase the dosage of tolterodine to obtain an increased

effect on the bladder, if desired.

In one aspect, the present invention therefore

provides a method of treating unstable or overactive

urinary bladder, which method comprises administering to a

(mammal) patient in need of such treatment tolterodine or a

tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, through a controlled release

formulation that administers tolterodine or said

tolterodine-related compound, or salt thereof, at a
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controlled rate for at least 24 hours. It is preferred that

the dosage form formulation is capable of maintaining a

substantially constant serum level of_the active moiety or

moieties for said at least 24 hours.

Overactive urinary bladder encompasses detrusor

instability, detrusor hyperreflexia, urge incontinence,

urgency and urinary frequency.

As mentioned above, the chemical name of tolterodine

is (R)-N,N—diisopropyl-3—(2-hydroxy-5-methylphenyl)-3-

phenylpropanamine. The term "tolterodine-related compound"

is meant to encompass the major, active metabolite of

tolterodine, i.e. (R)-N,N—diisopropyl-3-(2—hydroxy—S—

hydroxymethylphenyl)-3-phenylpropanamine; the corresponding

(S)-enantiomer to tolterodine, i.e.

(2—hydroxy—5-methylphenyl)-3—phenylpropanamine; the 5-

(S)-

N,N—diisopropyl-3-(2-hydroxy—S-hydroxymethylphenyl)-3-

hydroxymethyl metabolite of the (S)—enantiomer, i.e.

phenylpropanamine; as well as the corresponding racemate to

tolterodine, i.e. (R,S)—N,N-diisopropyl-3-(2-hydroxy-S-

methylphenyl)-3-phenylpropanamine; and prodrug forms
thereof.

By the term "active moiety or moities" is meant the

sum of free or unbound (i.e. not protein bound)

concentrations of (i) tolterodine and active metabolite

thereof, when tolterodine (or prodrug form) is

administered; or (ii) tolterodine and active metabolite

thereof and/or (S)~enantiomer to tolterodine and active

metabolite thereof, when the corresponding racemate (or

prodrug form) is administered; or (iii) active metabolite,

when the (R)—5—hydroxymethyl metabolite of tolterodine (or

I (S)—enantiomer to

(S)-

is administered; or (v) active (3)-

prodrug form) is administered; or (iv)

tolterodine and active metabolite thereof, when the

enantiomer (or prodrug)

metabolite, when the (S)-5-hydroxymethyl metabolite is

administered.

The term "substantially constant" with respect to the

serum level of active moiety or moieties means that the

release profile of the controlled release formulation
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should essentially not exhibit any peak values. This may,

more sophistically, also be expressed by reference to the

"flucuation index" (F1) for the serum concentration of

(unbound) active moiety (or sum of active moities when

relevant), where the fluctuation index PI is calculated as

ll
PI (Cmax — Cmin)/AUC:/t

wherein Cmax and Cmin are the maximum and minimum

AUCI is the

area under the serum concentration profile (concentration

concentrations, respectively, of active moiety,

vs time curve) for dosage interval 1, and I is the length

of the dosage interval. Thus, according to the present

invention, the controlled release formulation should

provide a mean fluctuation index (for n being at least 30)

that is usually not higher than about 2.0, more preferably

not higher than about 1.5, particularly not higher than

about 1.0,

For tolterodine and its 5—hydroxymethyl metabolite,

for example not higher than about 0.8.

\

the 24~hour exposure, expressed as AUC unbound active

moiety (tolterodine plus metabolite) is usually in the

range of from~about S to about 150 nM*h, preferably from

about 10 to about 120 nM*h, depending on the dosage needed

by the particular patient. The indicated limits are based

upon calculation of the unbound concentrations of active

moiety assuming a~fraction unbound of 3.7% for tolterodine

and 36% for the 5—hydroxymethyl metabolite (Nilvebrant, L.,

et 3.1., Vol. 60, Nos. 13/14 (1997) 1129-

1136).

Correspondingly, for tolterodine and its 5-

Life Sciences,

hydroxymethyl metabolite, the average (blood) serum or

plasma levels are usually in the range of about 0.2 to

about 6.3 nM, preferably in the range of about 0.4 to about

5.0 nM.

Tolterodine, its corresponding (S)-enantiomer and

racemate and the preparation thereof are described in e.g.

WO 89/06644. For a description of the active (R)-S-

hydroxymethyl metabolite of tolterodine (as well as the
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(S)-5-hydroxymethyl metabolite),

94/11337. The

of urinary and gastrointestinal disorders is described in

WO 98/03067.

In another aspect,

it may be referred to W0

(S)-enantiomer and its use in the treatment

the present invention provides a

pharmaceutical formulation containing tolterodine or a

tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, which formulation when

administered to a patient provides controlled release of

tolterodine or said tolterodine—related compound, or salt

thereof, for at least 24 hours, preferably such that a

substantially constant serum level of the active moiety or

moieties is maintained for said at least 24 hours.

-Still another aspect of the present invention provides

the use of tolterodine or a tolterodine-related compound,

for the

manufacture of a therapeutical formulation for treating

or a pharmaceutically acceptable salt thereof,

unstable or overactive urinary bladder, which formulation

provides a controlled release of tolterodine or said

tolterodine-related compound, or salt thereof at a

controlled rate for at least 24 hours, preferably such that

a substantially constant serum level of the active moiety

or moieties is maintained for said at least 24 hours.

The controlled release formulation is preferably an

oral delivery system or a transdermal preparation, such as

a transdermal patch, but also other controlled release

forms may, of course, be contemplated, such as buccal

tablets,

formulations for intramuscular administration.

rectal suppositories, subcutaneous implants,

An exemplary type of oral controlled release

formulation, a specific embodiment of which is described in

Example 1 below, is a multi—unit formulation comprising

controlled—release beads. Each bead comprises (i) a core

unit of a water-soluble, water—swellable or water-insoluble

inert material (having a size of about 0.05 to 2 about 2

mm), such as e.g. a sucrose sphere; (ii) a first layer on

the core of a substantially water-insoluble (often

hydrophilic) polymer (this layer may be omitted in the case
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of an insoluble core, such as e.g. of silicon dioxide),

(iii) a second layer of a water-soluble polymer having an

active ingredient dissolved or dispersed therein, and (iv)

a third polymer layer effective for controlled release of

the active ingredient (e.g. a water-insoluble polymer in

combination with a water-soluble polymer).

In the case of an oral controlled release formulation

for once—daily administration, the dosage of tolterodine

(or tolterodine related compound) is, for example, 4 mg or

6 mg.

A transdermal patch for tolterodine or tolterodine~

related compound is described in our co—pending

international application "Transdermally administered

tolterodine as antimuscarinic agent for the treatment of

overactive bladder"

no. 9802864—0,

(based on Swedish patent application

filed on 27 August 1998), the full

disclosure of which is incorporated by reference herein.

Illustrative patch formulations are described in Example 2

below.

With the guidance of the disclosure herein, the

skilled person may either adapt controlled release

administration forms, such as tablets, capsules, patches

etc, known in the art, to obtain the objectives of the

present invention, or design modified or new controlled

release administration forms.

The invention is illustrated by the following

Examples, without, however, limiting the scope of the

invention in any way. Percentages are by weight, unless

otherwise stated. Reference will be made to the

accompnaying drawings, in which:

Figure 1 is a diagram showing the variation of serum

concentration (nmol/L) of (unbound) active moiety with time

(hours) during 24 hours when administering a predetermined

total dosage of tolterodine (4 mg) through (i) an immediate

release tablet (2 mg) twice daily as in the prior art, and

(ii) a controlled release capsule (4 mg) once daily in

accordance with the present invention;
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Figure 2 is a diagram showing the variation of the

basal salivation (g/min) with time (hours) during 4 hours

after administration of (i) a 4 mg tolterodine controlled

release capsule in accordance with the present invention,

(ii) a prior art tolterodine immediate release tablet, and

(iii) placebo; and

Figure 3 is is a bar chart diagram showing patients‘

individual estimates of experienced dry mouth side effect

(no dry mouth, mild, moderate, severe) after administration

of tolterodine through (i) a conventional 2 mg immediate

release tablet, (ii) controlled release capsules of 4, 6

and 8 mg, respectively, according to the present invention,

and (iii) placebo.

EXAMPLE 1

TOLTERODINE ORAL CR CAPSULE AND IR TABLET

Preparation of tolterodine CR capsules 2 mg and 4 mg

A controlled release (CR) capsule containing non-

pareil beads coated by (i) an ethylcellulose layer, (ii) a

tolterodine/HPMC layer,

ethylcellulose/HPMC layer was prepared as follows:

and (iii) a sustained release

1200 g of (starch-containing) sugar spheres, 20-25

mesh, were charged into a Wurster fluid bed and

sequentially coated with the following three coating
solutions:

- (1) a Sure1ease® sealcoating solution prepared by mixing

788 g of Surelease® with 563 g of purified water

(Surelease® is an aqueous filmcoating dispersion, about

25% solids, consisting primarily of ethylcellulose

plasticized with fractionated coconut oil; manufactured by

Colorcon, PA, U.S.A.);

— (2) a suspension prepared by first dissolving 35.0 g of

tolterodine L—tartrate in 2190 g of purified water, and

Inc., West Point,

then mixing the solution with 6.6 g of Hypromellose, 5cP

(hydroxypropylmethyl cellulose (HPMC)); and
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— (3) a sustained release coating solution prepared by

mixing 29 g of Hypromellose, 5 cP, with 375 g of purified

water, and then mixing with 695 g of Surelease®.

After drying, the coated spheres were filled into hard

gelatin capsule shells (size 3, white/white) to obtain 2 mg

and 4 mg capsules, respectively, of the composition

(filling mass for 2 mg capsule, 169-207 mg/capsule):

 

Tolterodine L—tartrate 2.0 mg 4.0 mg

sugar spheres, 20-25 mesh 69 mg 137 mg

Surelease® 21 mg 42 mg

Hypromellose, 5cP 2.0 mg 4.1 mg

Tolterodine L-tartrate IR tablets 2 mg

Commercially available tolterodine L-tartate 2 mg

tablets for immediate release (IR) (Detrusitol®, Pharmacia

& Upjohn AB, Sweden) were used. The tablets had the

following composition:

Cone

Tolterodine L=tartrate 2.0 mg

cellulose, microcrystalline 53.4 mg

calcium hydrogen phosphate dihydrate 18.0 mg

sodium starch glycollate 6.0 mg

magnesium stearate 0.4 mg

colloidal anhydrous silica 0.2 mg

Coating

Methylhydroxypropyl cellulose 1.5 mg

cellulose, microcrystalline 0.3 mg

stearic acid 0.6 mg

titanum dioxide E 171 0.6 mg
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PHARMACODYNAMIC AND PHARMACOKINETIC STUDIES

A clinical trial was performed in patients with

overactive bladder to determine the pharmacodynamic and

pharmacokinetic effects of different daily doses of (i) the

above described tolterodine controlled release capsule

(below referred to as TOD), compared with (ii) the above

described tolterodine immediate release tablet (below

referred to as TIR), and (iii) a placebo capsule

(containing sugar spheres only). The trial was performed as

a double—blind, double dummy, cross—over trial in 60

patients for three one week periods and six treatments (2,

4, 6 and 8 mg TOD once daily, 2 mg TIR twice daily, and

placebo). All patients were randomised to three out of six

treatments, meaning that 30 patients were subjected to each

of the treatments. Pharmacodynamic and pharmacokinetic

measurements were performed on day seven in each treatment

period. The determinations included measurements of (i)

serum concentrations of tolterodine and its main 5-

hydroxymethyl metabolite (below called 5-HM) over time,

(ii) salivation (dry mouth), and (iii) residual urine

volumes.

Serum concentrations of tolterodine and main metabolite

Blood samples were drawn immediately before dosing and

after 0.5, 1, 2, 3, 6, 9, 12, 24 and 25 hours, and the free

(unbound) serum concentrations of tolterodine and its 5-HM

metabolite were measured by gas chromatography/mass

spectrometry. The unbound concentrations were calculated

assuming a fraction unbound of 3.7% for tolterodine and of

36% for 5—HM as obtained from protein binding studies on

human serum (Nilvebrant, L., et al., Life Sciences, Vol.

60, Nos. 13/14 (1997) 1129-1136). Figure 1 shows the

obtained variation with time of the sum of the unbound

concentrations of tolterodine and 5—HM (which sum is

referred to as "active moiety") for, on the one hand, the

administration of a 4 mg TOD capsule once daily, and, on

the other hand, the administration of a 2 mg TIR tablet
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twice daily (i.e. equivalent 24-hour doses of capsule and

tablet)- ls shown in the Figure, the peaks obtained with

the TIR tablet are eliminated with the TOD capsule, the

latter thus providing a substantially constant serum

concentration of active moiety during the 24 hours
illustrated.

The difference in fluctuation of the serum

concentrations between TIR tablet and TOD capsule may also

be demonstrated by calculation of the "fluctuation index".

The fluctuation index, FI, is calculated as FI (Cmax —

Cmin)/AUCI/I, where t is the length of the dosage interval

and AUCT is the area under the serum concentration profile

during a dosage interval. Thus, the mean calculated

fluctuation index for the active moiety was 2.40 (95% CI

1.95-2.63) for the TIR tablet and 0.68

(95% CI 0.59-0.78)

(based on n=28),

for the TOD capsule.

Salivation (dry mouth)

Salivation was measured using dental cotton rolls

applied in the mouth for 3 x 2 minutes. Measurements were

performed before breakfast and thereafter after each blood

sample on day seven in each treatment period. Based on all

measurements after dosing, the mean salivation during 12

hours was calculated. The basal salivation at steady state

was measured after treatment with (i) 4 mg TOD capsule,

(ii) 2 mg TIR tablet, and (iii) placebo. The results are

presented in Figure 2. As can be seen in the Figure, the

salivation is substantially constant during the period

shown for the TOD capsule, whereas a considerable reduction

in salivation (i.e. drier mouth) is obtained with the TIR

tablet.

While Fig. 2 shows the total salivation as measured,

the degree of salivation, or dry mouth, was also

determined, based on the patient's estimate of experienced

intensity of the phenomenon. The results for 2 mg TIR

tablet b i.d.,

TOD capsule,

4 mg TOD capsule, 6 mg TOD capsule and 8 mg

are presented in bar chart form in Figure 3.
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The four bars for each dosage represent, from left to right

in the figure, no dry mouth, mild, moderate, and severe,

respectively.

As apparent from Fig. 2,

the TIR 2 mg b.i.d.

the TOD 4 mg capsule,

the dry mouth intensity for

tablet is clearly higher than that of

TOD

is required to match the adverse dry mouth effects of

tablet.

and about twice that dosage, i.e.

8 mg,

the TIR 2 mg b.i.d.

The results from the salivation determinations thus

show that flattening of the concentration peaks of the

“active moiety" (i.e. tolterodine plus S-HM) leads to a

substantial reduction of the undesired dry mouth effect.

Residual urine volume

Residual volume is the volume of urine left in the

bladder immediately after voiding. Measuring residual

volume offers a method of assessing the effect of

antimuscarinic treatment on the bladder. it offersIn fact,

a measure of efficacy (change in residual volume) as well

as safety (urinary retention, i.e. inability to pass

urine). Efficacy may thus be measured as the mean residual

volume per unit of time, and safety as any case where the

residual urine exceeds a fixed level. The mean residual

volume per micturition was measured by a non-invasive

(ultrasonic) method for placebo, TIR tablet 2 mg b.i.d.,

and for capsules TOD 2 mg, TOD 4 mg, TOD 6 mg, and TOD 8

mg.

The results are presented in Tables 1 and 2 below.

Table 1 shows the mean residual volume per micturition, and

Table 2 shows the maximum residual volume during 12 hours.

The results presented clearly demonstrate that the TOD

capsule dosages are as efficacious as the corresponding TIR

b.i.d dosages, and also that the TOD dose may be increased

up to 8 mg daily and still be safe with regard to urinary

retention.
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Table 1

Mean Residual Volume per micturition (ml)

Placebo TIR TOD

2mg 2mg
b.i.d

Estimated meanD
95% confidence 12 to 45 to 26 to 51 to 60 to
interval 46 79 55 66 78

—
Estimated -22

difference vs .-IR

TOD

4mg

TOD

6mg 

 

 

 
  -23 to

15
—13 to
26

U1 U3

 

 

Table 2

10 Maximum Residual Volume during 12 hours

Placebo TIR TOD

b.i.d

(ml)

316

The results from the clinical trial described above

15 demonstrate that a flatter serum concentration of active

moiety (tolterodine plus 5-HM) not only does not lead to a

loss of efficacy or to untoward side-effects, primarily

urinary retention, but, importantly, also provides for a

reduced dry mouth effect (unaffected or less reduced

20 salivation).

TOD

4mg

TOD

6mg 

 
  

 
TOD

8mg

EXAMPLE 2

25 TOLTERODINE TRANSDERMAL PATCH FORMULATION

Tolterodine-releasing patches were prepared as

follows:
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5 g of tolterodine base were dissolved in 11 g of

ethanol and added to 20 g of Durotak 387-2287 (National

5 Starch & Chemical, U.S.A.). The drug gel was coated onto a

backing membrane (Scotchpak 1012; 3M Corp , U.S.A.) by

using a coating equipment (RK Print Coat Instr. Ltd, Type

KCC 202 control coater). The wet layer thickness was 400

pm. The laminate was dried for 20 min. at RT and then for

10 30 min. at 40°C. A polyester release liner (S 2016; Rexam

Release) was laminated onto the dried drug gel. The sheet

was cut into patches and stored at 2-8°C until use (packed

in Barex pouches). The concentration of tolterodine base in

the patches was 2,5 mg/cm’.

15 System 2 (nml1;:L'-laminat_‘.e. acrylate)

5 g of tolterodine base were dissolved in 10 ml of

ethanol. A mix of 6,4 g of Eudragit RL 100 (Rohm GmbH

Chemische Fabrik, Germany) and 6,4 of ethanol and a mix of

2,6 g of Polyvidone 90 (BASF, Germany) and 10,2 g of

20 ethanol were added to the solution of tolterodine base in

ethanol. Finally, 4 g of propylene glycol were added. The

drug gel was coated onto a backing membrane (Scotchpak

1109; 3M Corp., U.S.A.) by using the coating equipment

above. The wet layer thickness was 400 pm. The laminate was

25 then dried at 40°C for 2 hours. An adhesive layer

consisting of Plastoid E35H was coated onto a polyester

film (8 2016; Rexam Release) and dried at 80°C for 10 min.

The two layers were thereafter laminated. The sheet was cut

into patches and stored at 2-8°C until use (packed in Barex

30 pouches). The concentration of tolterodine base in the

patches was 2,0 mg/cm’. _

1 g of tolterodine base was mixed with Tween 80

(Merck) by heating to 60 — 70°C. 1,8 g of triethylacetate

35 and 1,3 g of dem. water was added to the mix. The final mix

was then added to 25 g of Eudragit RL 30 D (Rohm GmbH

Chemische Fabrik, Germany). Finally, 180 mg of 1 N NaOH
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were added. The drug gel was coated onto a backing membrane

(Scotchpak 1109; 3M Corp., U.S.A.) by using the coating

equipment. The wet layer thickness was 400 pm. The laminate

was dried at 40°C for 2 hours. An adhesive layer consisting

S of Plastoid E35H was coated onto a polyester film (S 2016;

Rexam Release) and dried at 80°C for 10 min. The two layers

were thereafter laminated. The sheet was cut into patches

and stored at 2—8°C until use (packed in Barex pouches).

The concentration of tolterodine base in the patches was

10 0,5 mg/cm’.
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CLAIMS

1. A method of treating unstable or overactive urinary

bladder, wherein the method comprises administering to a

patient in need of such treatment tolterodine or a

tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, in a pharmaceutically effective

amount thereof through a controlled release formulation

that administers tolterodine or said tolterodine-related

at a controlled rate for atcompound, or salt thereof,

least 24 hours.

2. The method according to claim 1, wherein the

formulation is capable of maintaining a substantially

constant serum level of the active moiety or moieties for

said at least 24 hours.

3. The method according to claim 2, wherein the

controlled release formulation provides a mean fluctuation

index of said serum level of active moiety or moieties that

is not higher than about 2.0, preferably not higher than

about 1.0,

(Cmax - Cmin)/AUCI/I, wherein Cmax and Cmin are the maximum

said flutuation index, PI, being defined as FI =

and minimum concentrations, respectively, of active moiety

or moieties, AUCT is the area under the serum concentration

profile, and 1 is the length of the dosage interval.

4. The method according to claim 1, wherein2 or 3,

tolterodine, its 5—hydroxymethyl metabolite or the racemate

corresponding to tolterodine is administered, and the

24-hour serum profile, expressed as the AUC of unbound

tolterodine and 5-hydroxymethyl metabolite, is from about 5

to about 150 nM*h, preferably from about 10 nM*h to about

120 nM*h.

5. The method according to claim 1, wherein2 or 3,

tolterodine, its 5—hydroxymethyl metabolite or the racemate

corresponding to tolterodine is administered, and the serum
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level of unbound tolterodine and 5-hydroxymethyl metabolite

is in the range of about 0.2 to about 6.3 nM, preferably in

the range of about 0.4 to about 5.0 nM.

6. The method according to any one of claims 1 to 5,

wherein the controlled release formulation is a capsule or

tablet for oral administration once daily.

7. The method according to any one of claims 1 to 5,

wherein the controlled release formulation is a transdermal

preparation, preferably a transdermal patch.

8. The method according to any one of claims 1 to 7,

wherein tolterodine is administered.

9. A pharmaceutical formulation containing tolterodine or

a tolterodine—related compound, or a pharmaceutically

acceptable salt thereof, which formulation when

administered to a patient provides controlled release of

tolterodine or said tolterodine—related compound, or salt

thereof, for at least 24 hours, preferably such that a

substantially\constant serum level of the active moiety or

moieties is maintained for said at least 24 hours.

10. The formulation according to claim 9, which provides a

mean fluctuation index of said serum level of active moiety

or moieties that is not higher than about 2.0, preferably

not higher than about 1.0,

defined as FI =

are the maximum and minimum concentrations, respectively,

said flutuation index, FI, being

(Cmax — Cmin)/AUCI/1, wherein Cmax and Cmin

of active moiety or moieties, AUCT is the area under the

serum concentration profile, and t is the length of the

dosage interval.

11. The formulation according to claim 9 or 10, wherein

tolterodine, its 5—hydroxymethyl metabolite or the racemate

corresponding to tolterodine is administered, and the

24-hour serum profile, expressed as the AUC of unbound
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tolterodine and 5—hydroxymethyl metabolite, is from about 5

to about 150 nM*h, preferably from about 10 nM*h to about

120 nM*h.

12. The formulation according to claim 9 or 10, wherein

tolterodine, its S—hydroxymethy1 metabolite or the racemate

corresponding to tolterodine is administered, and the serum

level of unbound tolterodine and S-hydroxymethyl metabolite

is in the range of about 0.2 to about 6.3 nM, preferably in

the range of about 0.4 to about 5.0 nM.

13. The formulation according to any one of claims 9 to

12, which is a capsule or tablet for oral administration

once daily. I

14. The formulation according to any one of claims 1 to

12, which is a transdermal preparation, preferably a

transdermal patch.

15; The formulation according to any one of claims 9 to

14, which provides controlled release of tolterodine.

16. Use of tolterodine or a tolterodine-related compound,

for the

manufacture of a therapeutical formulation for treating

or a pharmaceutically acceptable salt thereof,

unstable or overactive urinary bladder, which formulation

provides controlled release of tolterodine or said

tolterodine-related compound, or salt thereof, for at least

24 hours, preferably such that a substantially constant

serum level of the active moiety or moieties is maintained

for said at least 24 hours.

17. The use according to claim 16, wherein a formulation

according to any one of claims 10 to 15 is manufactured.

18. A method for providing a continuous plasma

concentration of tolterodine-related active moiety in a

patient, wherein the method comprises administering a
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dosage form formulation comprising tolterodine or a

tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, that is administered over at least

24 hours to the patient at a controlled and sustained rate

to provide the desired plasma active moiety concentration.

19. The method according to claim 18, wherein the dosage

form formulation is administered orally.
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[received by the lntemational Bureau on 10 February 2000 (10.02.00);

original claims 1-19 replaced by new claims 1-17 (3 pages)]

1. A method of treating unstable or overactive urinary

bladder, wherein the method comprises administering to a

patient in need of such treatment tolterodine or a

tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, in a pharmaceutically effective

amount thereof through a controlled release formulation

capable of maintaining a substantially constant serum

level of the active moiety or moieties for at least 24

hours.

2. The method according to claim 1, wherein the

controlled release formulation provides a mean

fluctuation index of said serum level of active moiety or

moieties that is not higher than about 2.0, preferably

not higher than about 1.0, said flutuation index, PI,

being defined as FI = (Cmax — Cmin)/AUCt/I, wherein Cmax

and Cmin are the maximum and minimum concentrations,

respectively, of active moiety or moieties, AUCt is the

area under the serum concentration profile, and t is the

length of the dosage interval.

3. The method according to claim 1 or 2, wherein

tolterodine, its 5-hydroxymethyl metabolite or the

racemate corresponding to tolterodine is administered,

and the 245hour serum profile, expressed as the AUC of

unbound tolterodine and 54hydroxymethyl metabolite, is

from about 5 to about 150 nM*h, preferably from about 10

nM*h to about 120 nM*h.

4. The method according to claim 1, 2 or 3, wherein

tolterodine, its 5-hydroxymethyl metabolite or the

racemate corresponding to tolterodine is administered,

and the serum level of unbound tolterodine and 5-

hydroxymethyl metabolite is in the range of about 0.2 to

about 6.3 nM, preferably in the range of about 0.4 to

about 5.0 nM.

AMENDED SHEET (ARTICLE 19)
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5. The method according to any one of claims 1 to 4,

wherein the controlled release formulation is a capsule

or tablet for oral administration once daily.

6. The method according to any one of claims 1 to 4,

wherein the controlled release formulation is a

transdermal preparation, preferably a transdermal patch.

7. The method according to any one of claims 1 to 6,

wherein tolterodine is administered.

8. The method according to any one of claims 1 to 6,

wherein urinary incontinence is treated.

9. A pharmaceutical formulation containing tolterodine

or a tolterodine—related compound, or a pharmaceutically

acceptable salt thereof, which formulation when

administered to a patient provides controlled release of

tolterodine or said tolterodine—related compound, or salt

thereof, such that a substantially constant serum level

of the active moiety or moieties is maintained for at

least 24 hours.

10. The formulation according to claim 9, which provides

a mean fluctuation index of said serum level of active

moiety or moieties that is not higher than about 2.0,

preferably not higher than about 1.0, said flutuation

index, FI, being defined as FI = (Cmax — Cmin)/AUC1/L

wherein Cmax and Cmin are the maximum and minimum

concentrations, respectively, of active moiety or

moieties, AUCT is the area under the serum concentration

profile, and T is the length of the dosage interval.

11. The formulation according to claim 9 or 10, wherein

tolterodine, its 5-hydroxymethyl metabolite or the

racemate corresponding to tolterodine is administered,

and the 24-hour serum profile, expressed as the AUC of

ANIENDED SHEET (ARTICLE 19)
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unbound tolterodine and 5-hydroxymethyl metabolite, is

from about 5 to about 150 nM*h, preferably from about 10

nM*h to about 120 nM*h.

12. The formulation according to claim 9'or 10, wherein

tolterodine, its 5-hydroxymethyl metabolite or the

racemate corresponding to tolterodine is administered,

and the serum level of unbound tolterodine and 5-

hydroxymethyl metabolite is in the range of about 0.2 to

about 6.3 nM, preferably in the range of about 0.4 to

about 5.0 nM.

13. The formulation according to any one of claims 9 to

12, which is a capsule or tablet for oral administration

once daily.

14. The formulation according to any one of claims 1 to

12, which is a transdermal preparation, preferably a

transdermal patch.

15. The formulation according to any one of claims 9 to

14, which provides controlled release of tolterodine.

16. Use of tolterodine or a tolterodine-related

compound, or a pharmaceutically acceptable salt thereof,

for the manufacture of a therapeutical formulation for

treating unstable or overactive urinary bladder, which

formulation provides controlled release of tolterodine or

said tolterodine-related compound, or salt thereof, such

that a substantially constant serum level of the active

moiety or moieties is maintained for at least 24 hours.

17. The use according to claim 16, wherein a formulation

according to any one of claims 10 to 15 is manufactured.

AMENDED SHEET (ARTICLE 19)
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NEW CONTROLLED RELEASE BEAD, A METHOD OF PRODUCING THE SAME AND MULTIPLE UNIT FORMULA-
TION COMPRISING IT

The present invention relates to pharmaceutical controlled release beads

comprising a drug, to a formulation containing said controlled release beads, and to a

method of preparing said beads.

A common type of controlled release beads comprises an inert core, such as a

sugar sphere, coated with an inner drug-containing layer and an outer membrane layer

controlling drug release from the inner layer.

An example of such controlled release beads is described in US-A-5,783,215

where each bead comprises (i) a core unit of a soluble or insoluble inert material, (ii) a

first layer on the core unit comprising an active ingredient dispersed in a hydrophilic

polymer, (iii) an optional second layer ofhydrophilic polymer covering the first layer,

and (iv) an outermost membrane layer effective for controlled release of the active

ingredient.

In the above and similar controlled release beads it is not uncommon to apply a

"sealcoat" in the form of a small amount (e.g. l-3%) of a water-soluble polymer, such as

hydroxypropylmethyl cellulose (HPMC) or polyvinylpyrrolidone (PVP), between the

inert core and the layer containing the active ingredient. The purpose thereof is generally

to isolate the drug from the core surface in the event that a drug-core chemical

interaction is possible, and/or to smooth the surface of the inert core such that the

surface area is more consistent from lot to lot to thereby improve the coating quality

when the drug layer and the controlled release membrane layers are applied.

According to the present invention, it has now surprisingly been found that by

applying a relatively thick layer of a water-insoluble polymer to the inert core as a

sealcoat, several advantages may be obtained in addition to those mentioned above.

Firstly, in case of a soluble core like one of sugar, for example, the amount of

time that the solution within the bead would be saturated with respect to drug may be

maximized. Thus, by preventing the soluble core from-being a reservoir for drug

dissolution, the relative time that a saturated solution would remain within the bead

during the release period can be increased considerably. This means that a substantially

longer zero order drug release phase (the phase when the drug release rate is essentially
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constant) will be obtained (and less in the undesirable declining release rate phase). ln

other words, generally, the use of a thick sealcoat layer will permit the drug release

profile to be altered in a predictable fashion, in particular for drugs with a moderate to

high water solubility. Also, without drug migrating into the sealcoat, all drug will get

released. A

Secondly, the potential influence of the core material on drug release, in

particular osmotic pressure or swelling of the core material which could potentially

cause internal pressure and film rupture, may be minimized.

Thirdly, the substantial initial lag phase (no or very low amount of drug release

early) that is generally observed with the prior art controlled release beads, especially for

slower release formulations where the water influx is slower, may be substantially

reduced or eliminated relatively independently of the steady state release rate.

Therefore, in a first aspect, the present invention provides a controlled release

bead comprising:

(i) a core unit of a substantially water-soluble or water-swellable inert material

having;

(ii) a first layer on the core unit of a substantially water-insoluble polymer;

(iii) a second layer covering the first layer and containing an active ingredient;

and

(iv) a third layer on the second layer ofpolymer effective for controlled release

of the active ingredient,

wherein said first layer is adapted to control water penetration into the core.

The term "control water penetration into the core" as used above means that the

water influx to the core should be retarded in a controlled manner to such an extent that

the drug release profile will be altered in a predictable fashion. Thus, while in many

cases it may be preferred that the water penetration into the core is substantially or

completely eliminated, a certain, controlled influx of water to the core may be

acceptable in other cases.

The above-mentioned first layer of water-insoluble material may also serve to

provide mechanical integrity to the core.

Optionally, the above-mentioned third, or controlled release layer is coated with

one or more additional layers of water-soluble or insoluble polymer, e.g. a non-
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thermoplastic soluble polymer to decrease tackiness of the beads for subsequent

processing, such as curing and filling into capsules, or a secondary functional coating,

such as an enteric coating that delays the onset of drug release. Optionally, such an

additional layer may contain drug for immediate release.

Usually, the first layer (ii) above constitutes more than about 2% (w/w) of the

final bead composition, preferably more than about 3% (w/w), e.g. from about 3% to

about 80% (w/w).

The amount of the second layer (ii) above usually constitutes from about 0.05 to

about 60 % (w/w), preferably from about 0.1 to about 30 % (w/w) of the final bead

composition. I

The amount of the third layer (iv) above usually constitutes from about 1 to

about 50 % (w/w), preferably from about 2 to about 25 % (w/w) of the final bead

composition. \
The core unit typically has a size in the range of from about 0.05 to about 2 mm.

In a second aspect, the present invention provides a multiple unit formulation

comprising said controlled release beads, such as. a capsule or a tablet.

The cores are preferably of a water-soluble or swellable material, and may be any

such material that is conventionally used as cores or any other pharmaceutically

acceptable water-soluble or water-swellable material made into beads or pellets.

Especially, the beads are spheres of sucrose/starch (Sugar Spheres NF), sucrose crystals,

or extruded and dried spheres typically comprised of excipients such as microcrystalline

cellulose and lactose.

The substantially water-insoluble material in the first, or sealcoat layer is

generally a "GI insoluble" or "GI partially insoluble" film forming polymer (latex or

dissolved in a solvent). As examples may be mentioned ethyl cellulose, cellulose

acetate, cellulose acetate butyrate, polymethacrylates such as ethyl acrylate/methyl

methacrylate copolymer (Eudragit NB-30-D) and ammonio methacrylate copolymer

types A and B (Eudragit RL30D and RS3OD), and silicone elastomers. Usually, a

plasticizer is used together with the polymer. Exemplary plasticizers include:

dibutylsebacate, propylene glycol, triethylcitrate, tributylcitrate, castor oil, acetylated

monoglycerides, acetyl triethylcitrate, acetyl butylcitrate, diethyl phthalate, dibutyl

phthalate, triacetin, fractionated coconut oil (mediiun-chain triglycerides).
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The second layer containing the active ingredient may be comprised of the active

ingredient (drug) with or without a polymer as a binder. The binder, when used, is

usually hydrophilic but may be water-soluble or water-insoluble. Exemplary polymers to

be used in the second layer containing the active drug are hydrophilic polymers such as

polyvinylpyrrolidone (PVP), polyalkylene glycol such as polyethylene glycol, gelatine,

polyvinyl alcohol, starch and derivatives thereof, cellulose derivatives, such as

hydroxypropylmethyl cellulose (HPMC), hydroxypropyl cellulose, carboxymethyl

cellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, carboxyethyl

cellulose, carboxymethylhydroxyethyl cellulose, acrylic acid polymers,

polymethacrylates, or any other pharmaceutically acceptable polymer.

A wide variety of therapeutically active agents may be used in conjuction with

the present invention. While the therapeutic agent usually is a low or medium dose drug,

also high-dose drugs may be contemplated for use in the present invention. The

therapeutic agent is preferably a soluble or moderately water-soluble drug (e.g. having a

solubility corresponding to from less than 1 to about 30 ml of water per gram of solute

at a temperature between 15 °C and 25 °C).

The ratio of drug to hydrophilic polymer in the second layer is usually in the

range of from 1:100 to 100:1 (w/w).

Suitable polymers for use in the third layer, or membrane, for controlling the

drug release may be selected from water-insoluble polymers or polymers with pH-

dependent solubility, such as, for example, ethyl cellulose, hydroxypropylmethyl

cellulose phthalate, cellulose acetate phthalate, cellulose acetate trimellitate,

polymethacrylates, or mixtures thereof, optionally combined with plasticizers, such as

those mentioned above. Optionally, the controlled release layer comprises, in addition to

the polymers above, another substance(s) with different solubility characteristics, to

adjust the permeability, and thereby the release rate, of the controlled release layer.

Exemplary polymers that may be used as a modifier together with, for example, ethyl

cellulose include: HPMC, hydroxyethyl cellulose, hydroxypropyl cellulose,

methylcellulose, carboxymethylcellulose, polyethylene glycol, polyvinylpyrrolidone

(PVP), polyvinyl alcohol, polymers with pH-dependent solubility, such as cellulose

acetate phthalate or ammonio methacrylate copolyrner and methacrylic acid copolymer,
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or mixtures thereof. Additives such as sucrose, lactose and pharmaceutical grade

surfactants may also be included in the controlled release layer, if desired.

In a third aspect, the present invention provides a method for producing the

controlled release beads and formulation, respectively. This method comprises the

following steps:

a) providing a core unit of a substantially water-soluble or water—swellable

material; V

b) applying a first layer of a substantially water-insoluble polymer to said core;

c) applying onto said first layer, a second layer comprising an active ingredient

and optionally a polymer binder; and

d) applying onto said second layer, a third polymer layer effective for controlled

release of the active ingredient;

wherein the amount of material in said first layer is selected to provide a layer

thickness that permits control of water penetration into the core.

Optionally, the method comprises the further step of applying one or more

additional polymer layers to the core as has been mentioned above.

The preparation of the multiple unit formulation comprises the additional step of

transforming the prepared beads into a pharmaceutical formulation, such as by filling a

predetermined amount of the heads into a capsule, or compressing the beads into tablets.

The layering or coating operations are preferably performed by spraying a

solution or dispersion of the respective layer materials onto the core, preferably in a

fluid bed coating apparatus.

After the final coating step, the beads are optionally ”cured”, usually in a fluid

bed system or in a tray dryer system, by heating to a temperature of about 30-80°C, for

30 to 180 minutes, for example. Suitably, the beads are then cooled below about 35°C

before stopping the process.

The pharmaceutical formulation of the invention may be administered orally.

An exemplary class of compounds which may be used as active ingredients in

the present invention comprises the 3,3-diphenylpropylamines disclosed in US-A-

5,3 82,600, US-A-5,559,269 and US-A-5,686,464 (the entire diclosures of which are

incorporated by reference herein) and having the general fonnula:
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OR1

CH-CH2-CH2-X

wherein R1 signifies hydrogen or methyl; R2, R3 and R4 independently signify

hydrogen, methyl, methoxy, hydroxy, hydroxymethyl, carbamoyl, sulphamoyl or

halogen; and X represents a tertiary amino group —NR5,R5, wherein R5 and R6 signify

non-aromatic hydrocarbyl groups, which may be the same or different, especially

C1-6-alkyl or adamantyl, and which together contain at least three, preferably at least

four carbon atoms, and each of which may carry a hydroxy substituent, and wherein R5

and R6 may form a ring together with the amine nitrogen, preferably a non-aromatic

ring having no heteroatom other than the amine nitrogen, their salts with physiologically

acceptable acids and, when the compounds can be in the form of optical isomers, the

racemic mixture and the individual enantiomers. An exemplary specific compound is

tolterodine, i.e. (R)-N,N-diisopropyl-3~(2-hydroxy-5-methylphenyl)-3-

phenylpropanamine, as well as the corresponding (S)-enantiomer, the racemate and the

active 5-hydroxymethyl metabolites, prodrug forms and pharmaceutically acceptable

salts thereof. I

Useful analogues to the above compounds are disclosed in WO 98/43942 (the

full diclosure of which is incorporated by reference herein).

The above as well as the latter compounds have anti-cholinergic activity and may

be used for treating, inter alia, urinary disorders including overactive urinary bladder.

The overactive bladder condition gives rise to urinary frequency, urgency and/or urge

incontinence. Overactive bladder disorders also include nocturia, i.e. awakening at night

to urinate. While overactive bladder is often associated with detrusor muscle instability,

disorders of bladder ftmction may also be due to neuropathy of the central nervous

system (detrusor hyperreflexia) including spinal cord and brain lesions, such as multiple

sclerosis and stroke. Overactive bladder symptoms may also result from, for example,

male bladder outlet obstruction (usually due to prostatic hypertrophy), interstitial

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1255



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1256

10

15

20

25.

30

WO 00/27364 -7 PCT/SE99/02052

cystitis, local edema and irritation due to focal bladder cancer, radiation cystitis due to

radiotherapy to the pelvis, and cystitis. The compounds also have spasmolytic activity

and may be useful for treating gastrointestinal disorders, including gastrointestinal

hyperactivity.

Specifically, the beads and multiple unit formulation, respectively, according to

the present invention have proved to be very suitable for administering the above-

mentioned drug tolterodine, the chemical name of which is (R)-N,N-diisopropyl-3—(2-

hydroxy-5-methylphenyl)—3-phenylpropanamine, and would likewise be suitable for its

related compounds, i.e. the major, active metabolite of tolterodine, i.e. (R)¥N,N-

diisopropyl-3-(2-hydroxy-5-hydroxymethylphenyl)-3-phenylpropanamine; the

corresponding (S)—enantiomer to tolterodine, i.e. (S)-N,N-diisopropyl-3-(2-hydroxy-5~

methylphenyl)-3 —phenylpropanamine; the 5-hydroxymethyl metabolite of the (S)-

enantiomer, i.e. (S)-N,N-diisopropyl-3-(2-hydroxy-5-hydroxymethy1pheny1)-3-

phenylpropanarnine; as well as the corresponding racemate to tolterodine, i.e. (R,S)-

N,N-diisopropyl—3-(2-hydroxy-5-methylphenyl)-3-phenylpropanamine; and prodrug

fonns and pharmacologically acceptable salts thereof.

Tolterodine is marketed for the treatment of unstable or overactive urinary

bladder with symptoms including urge incontinence, urgency and urinary frequency.

The 5-hydroxymethyl metabolite of tolterodine mentioned above contributes

significantly to the therapeutic effect of tolterodine. A salient feature of tolterodine is

that it has considerably less side-effects than the previously conventionally used drug,

oxybutynin, especially regarding the propensity to cause dry mouth.

When tolterodine is the active ingredient in the controlled release bead, the

fraction of active ingredient that is released in vitro is preferably not more than about

30% after 1 hour, from about 40 to about 85% after 3 hours, and not less than about

80% after 7 hours.

Administration of the controlled release formulation according to the present

invention pennits a well controlled release of tolterodine, and thereby a substantially

constant serum level of active moiety or moieties to be maintained in the patient for at

least 24 hours.

By the term "active moiety or moities" is meant, in the case of tolterodine and its

related compounds, the sum of free or unbound (i.e. not protein bound) concentrations
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of (i) tolterodine and active metabolite thereof, when tolterodine (or prodrug form) is

administered; or (ii) tolterodine and active metabolite thereof and/or (S)-enantiomer to

tolterodine and active metabolite thereof, when the corresponding racemate (or prodrug

form) is administered; or (iii) active metabolite, when the (R)-5-hydroxymethyl

metabolite of tolterodine (or prodrug form) is administered; or (iv) (S)-enantiomer to

tolterodine and active metabolite thereof, when the (S)-enantiomer (or prodrug) is

administered; or (v) active (S)-metabolite, when the (S)-5-hydroxymethyl metabolite is

administered.

The term "substantially constant" with respect to the serum level of active moiety /

or moieties means that the serum profile after administration of the controlled release

formulation does essentially not exhibit any peak values. This may also be expressed

mathematically by reference to the "fluctuation index" (F1) for the serum concentration

of (unbound) active moiety (or sum of active moities when relevant), where the

fluctuation index F1 is calculated as

FI = (Cmax - Cmin)/AUC‘:/1

wherein Cmax and Cmin are the maximum and minimum concentrations, respectively,

of active moiety, AUCr is the area under the serum concentration profile (concentration

vs time curve), and 'c is the length of the dosage interval during the time 1. The

controlled release formulation according to the present invention readily permits a mean

fluctuation index (for Q being at least 30) that is not higher than about 2.0, more

preferably not higher than about 1.5, particularly not higher than about 1.0, for example

not higher than about 0.8.

For tolterodine and its 5-hydroxymethyl metabolite, the 24-hour exposure,

expressed as AUC unbound active moiety (tolterodine plus metabolite) is usually in the

range of from about 5 to about 150 nM*h, preferably from about 10 to about 120 nM*h,

depending on the dosage needed by the particular patient. The indicated limits are based

upon calculation of the unbound concentrations of active moiety assuming a fraction
unbound of 3.7% for tolterodine and 36% for the 5-hydroxymethyl metabolite

(Nilvebrant, L., et al., Life Sciences, Vol. 60, Nos. 13714 (1997) 1129-1136).

Correspondingly, for tolterodine and its 5-hydroxymethyl metabolite, the average

unbound (blood) serum or plasma levels of active moiety (tolerodine plus metabolite)
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are usually in the range of about 0.2 to about 6.3 nM, preferably in the range of about

0.4 to about 5.0 nM.

Tolterodine, its corresponding (S)-enantiomer and racemate and the preparation

thereof are described in e.g. the above-mentioned US-A-5,3 82,600. For a description of

the active (R)-5—hydroxymethyl metabolite of tolterodine (as well as the (S)-5-

hydroxymethyl metabolite), it may be referred to the above-mentioned US-A-5,559,269.

The (S)-enantiomer, its non-cholinergic spasmolytic activity and use in the treatment of

urinary and gastrointestinal disorders are described in WO 98/03067.

The invention will now be described in more detail by the following non-

limiting Examples. Reference will be made to the accompanying drawings, wherein:

Fig. 1 is a diagram showing the fraction of released drug versus time for

tolterodine beads according to Example 1 below with different sealcoat thicknesses; and

Fig. 2 is a diagram showing the fraction of released drug versus time for

tolterodine beads according to Example 1 below with 14 % (w/w) and 0 % (w/w) seal

coat, respectively. The polymer composition in the third layer of the beads with 0 %

sealcoat has been adjusted in order to produce approximately similar initial drug release

as from beads with 14 % sealcoat.

EXAMPLE 1

An exemplary bead containing tolterodine L-ta.rtrate as active ingredient has the

following structure:

Core: Starch-containing sugar sphere of about 0.8 mm diameter

(commercially available); comprises 73 % w/w of the final bead;

purpose: coating substrate;

First layer: Sure1ease® ”sea1coat” (Surelease® is an aqueous film-coating

dispersion, about 25% solids, consisting primarily of

ethylcellulose plasticized with fractionated coconut oil, and

manufactured by Colorcon, Inc, USA); comprises about 12 %

w/w of the final bead;
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purpose: to provide more consistent core surface; during drug

release phase maximize time that drug is saturated inside bead

and minimize osmotic effects; control drug release rate together

with the third layer;

Second layer: Tolterodine L-tartrate/hydroxypropylmethylcellulose (HPMC);

comprises about 3 % w/w of the final bead; ratio of

Tolterodine:HPMC is 5:1;

purpose: drug supply;

Surelease®/HPMC; comprises about 12 w/w of the final

bead; ratio of Surelease®:HPMC is 6:1;

Third layer:

purpose: drug release rate control;

Beads with a three-layer coating having the above characteristics were prepared

as follows:

1200 g of sugar spheres, 20-25 mesh, were charged into a Wurster fluid bed and

sequentially coated at a nominal product temperature of 36 to 40°C with the following

three coating liquids:

- (1) a Su.release® sealcoating liquid prepared by mixing 788 g of Surelease® with 563

g of purified water;

- (2) a drug-containing solution prepared by first dissolving 35.0 g of tolterodine L-

tartrate in 2190 g of purified water, and then mixing the solution with 6.6 g of

hydroxypropylmethyl cellulose (HPMC) 5 cP; and

- (3) a sustained release coating liquid prepared by mixing 29 of HPMC 5 cP with 375

g of purified water, and then mixing with 695 g of Surelease®.

Afier tray drying for 3 hours at 70°C, the coated spheres were filled into size #4

or size #3 hard gelatin capsules to obtain 2 mg and 4 mg tolterodine L-tartrate capsules,

respectively, of the composition:
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2 mg capsule 4 mg capsule

Tolterodine L-tartrate 2.0 mg 4.0 mg

sugar spheres, 20-25 mesh 68.6 mg 137.2 mg

Surelease® 21.2 mg 42.4 mg

HPMC 5cP 2.0 mg 4.0 mg

Optionally, a fourth layer may be applied to the bead before drying by Wurster

coating.

Fourth layer : HPMC; comprises about 1 % w/w of the final bead;

purpose: decrease tackiness of beads for subsequent processing

(curing and capsule filling).

In the case of the above described bead, such a fourth layer may be applied with

a coating solution prepared by dissolving 16.4 g of HPMC in 234 g of water.

Study of effect of sealcoat thickness

The effect of the sealcoat thickness on drug release was tested as follows.

Four lots of 20-25 mesh beads were prepared that contained (i) a Surelease®

sealcoat layer at 0, 2, 10 or 14% level, (ii) an HPMC/drug (tolterodine L-tartrate) layer

at 4% level (drug:HPMC ratio =5:4), (iii) a Surelease®/HPMC layer at 10% level

(Surelease®:HPMC ratio = 6:1 ratio), and (iv) a final HPMC layer at 1%. These were

prepared essentially as described above and cured 1 hr at 70 °C.

Note that the coating level for layer (i) is expressed relative to the sum of the

core plus sealcoat while coating levels for layers (ii-iv) are expressed relative to the final

coated bead weight.

A fifth lot of beads was also manufactured identical to the 0% sealcoat lot

described above except that the third coating layer was modified (increase in the

Surelease®: HPMC layer from a 6:1 to a 1121) such that the initial drug release rate was

similar to the 14% sealcoat formulation described above.
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The in vitro drug release at 37°C in phosphate buffer pH 6.8 with addition of

0.22M potassium chloride was measured. The USP dissolution test apparatus 1 was

used. The results are shown in the diagrams in Fig. 1 and 2. As shown in Fig. 1, as the

sealcoat layer gets thicker, the drug release rate both decreases and becomes more zero-

order.

Fig. 2 shows the comparison of the 0% sealcoat formulation (1 1:1 Surelease®:

I-IAPMC) to the 14% sealcoat (611 the Surelease®: HPMC). It can be seen that, after a

slight lag period observed by the 0% sealcoated heads, the initial drug release rates are

similar. However, after approximately 15-20% of the drug is released, the release rate

from beads with O % sealcoat beads falls while release rate from the l4% sealcoat

remains extremely zero order. Indeed, for the 0 % sealcoat beads the release rate

between 45-60% is only approximately halfof the initial (first 20 %) release rate.

Comparatively, for the 14% sealcoat lot, the release rate between 45-60% range is

identical to the rate over the first 20%.

In an analogous manner to the procedure described in Example 1 above, other

exemplary bead formulations containing tolterodine L-tartrate as the active ingredient

were prepared as described in Examples 2 and 3 below.

EXAMPLE 2

400 g of sugar spheres (20-25 mesh, Edward Mendell Co, USA) were charged

into a top-spray fluid bed coater (Nica, Sweden) and coated with Sure1ease® and

thereafter cured in a drying cabinet at 70°C for 5 hours.

A solution of tolterodine—L-tartrate and hydroxypropyl cellulose (HPC) in water

was sprayed onto the coated cores. i

The spheres obtained were then coated with a mixture of ethylcellulose,

hydroxypropylcellulose and triethylcitrate (plasticizer). The coating materials were

dissolved in a mixture of dichlormethane and ethanol.
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The resulting beads had the following composition expressed as % (w/w):

Sugar spheres 75_.7

Surelease® 1 3

Tolterodine L-tartrate 4.9

HPC 1 .5

Ethylcellulose 4.3

Triethyl citrate 0.6

The obtained spheres showed extended release of tolterodine L-tartrate over at

least 10 hours. The release rate was essentially constant.

EXAMPLE 3

4800 g of sugar spheres (18-20 mesh, Mendell, USA)’were coated in a Wurster

fluid bed with Surelease® to a theoretical weight gain of 10 % and thereafier cured in a

drying cabinet at 60°C for 6 hours.

A solution of tolterodine L-tartrate and hydroxypropylmethyl cellulose (HPMC)

in water was sprayed onto 1200 g of the cured sphere cores.

1000 g of the obtained spheres were then coated by spraying with an aqueous

dispersion of a cross-linked latex of hydroxyl-end blocked polydimethylsiloxan (PDMS,

Dow Corning; USA) and colloidal silica (Dow Corning, USA) to a theoretical weight

gain of 15 %.

The resulting beads had the following composition expressed as % (w/w):

Sugar spheres 76

Surelease® ‘ 7.8

Tolterodine L-tartrate 2.8

HPMC 0.4

PDMS 8.7

Colloidal silica 4.3

The obtained spheres showed extended release of tolterodine L-tartrate over at

least 11 hours. The release rate was nearly constant.
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While the invention has been described above with reference to specific

embodiments thereof, it is not restricted thereto in any way whatsoever. On the contrary,

as will be understood by those skilled in the art, various changes, modifications,

substitutions and omissions can be made without departing from the basic concept of the

invention as defined in the claims which follow.

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1263



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1264

10

15

20

25

30

we 00/27364 1 5 PCT/SE99/02052

CLAIMS

1. A controlled release bead comprising:

(i) a core unit of a substantially water-soluble or water-swellable inert material;

(ii) a first layer on the core unit of a substantially water-insoluble polymer;

(iii) a second layer covering the first layer and containing an active ingredient;

and

(iv) a third layer of polymer on the second layer effective for controlled release

of the active ingredient,

wherein said first layer is adapted to control water penetration into the core.

2. The bead according to claim 1, wherein the amount of polymer in said first layer

is sufficient to substantially retard water penetration into the core.

3. The bead according to claim 1 or 2, wherein the thickness of said first layer is

sufficient to affect the drug release rate from the bead.

4. The head according to claim 1, 2 or 3, wherein the amount of the first layer

constitutes more than 2% (w/w), preferably more than 3% (w/w) of the final bead

composition.

5. The bead according to any one of claims 1 to 4, wherein the amount of said

second layer usually constitutes from about 0.05 to about 60 % (w/w), preferably from

about 0.1 to about 30 % (w/w) of the final bead composition.

6. The bead according to any one of claims 1 to 5, wherein the amount of said third

layer usually constitutes from about 1 to about 50 % (w/w), preferably from about 2 to

about 25 % (w/w) of the final bead composition.

7. The head according to any one of claims 1 to 6, wherein said third polymer layer

is coated with a fourth layer of a water-soluble polymer or an additional functional

coating.
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8. The bead according to any one of claims 1 to 7, wherein said active ingredient is

selected from compounds having the general formula:

CR1

CH-CH2-CH2-X

3 R4

wherein R1 signifies hydrogen or methyl; R2, R3 and R4 independently signify

hydrogen, methyl, methoxy, hydroxy, hydroxymethyl, carbamoyl, sulphamoyl or

halogen; and X represents a tertiary amino group —NR5,R5, wherein R5 and R5 signify

non—aromatic hydrocarbyl groups, which may be the same or different, especially

C1_5-alkyl orpadamantyl, and which together contain at least three, preferably at least

four carbon atoms, and each of which may carry a hydroxy substituent, and wherein R5

and R5 may form a ring together with the amine nitrogen, preferably a non—aromatic

ring having no heteroatom other than the amine nitrogen, their salts with physiologically

acceptable acids and, when the compounds can be in the form of optical isomers, the

racemic mixture and the individual enantiomers.

9. The bead according to claim 8, wherein said active ingredient is selected from

tolterodine, the 5-hydroxymethyl metabolite of tolterodine, the (S)-enantiomer of

tolterodine, the 5-hydroxymethyl metabolite of the (S)-enantiomer of tolterodine, the

racemate of tolterodine, and prodrug forms and pharrnacologically acceptable salts

thereof.

10. The head according to claim 9, wherein said active ingredient is tolterodinc or a

pharrnacologically acceptable salt thereof.

11. The head according to claim 10, wherein the fraction of active ingredient that is

released in vitro is not more than about 30% after 1 hour, from about 40 to about 85%

after 3 hours, and not less than about 80% after 7 hours.

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1265



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1266

WO 00/27364 1 7 PCT/SE99/02052

12. The head according to any one of claims 1 to 1 1, wherein the polymer material

of said first layer comprises ethyl cellulose.

5 13. The bead according to any one of claims 1 to 12, wherein said second layer

comprises hydroxypropylmethyl cellulose as binder.

14. The bead according to any one of claims 1 to 13, wherein the polymer material

of said third layer comprises a combination of hydroxypropylmethyl cellulose and ethyl

1 0 cellulose.

15. The bead according to any one of claims 1 to 14, wherein the core unit has a size

of about 0.05 to about 2 mm.

1 5 16. A multiple unit formulation comprising a controlled release bead according to

any one of claims 1 to 15.

17. The multiple unit formulation according to claim 16 which is a capsule.

2 0 18. A method ofproducing a controlled release bead, which method comprises the

steps of:

a) providing a core unit of ausubstantially water-soluble or water-swellable

materia;

b) applying a first layer of a substantially water—insoluble polymer to said core;

2 5 c) applying onto said first layer, a second layer comprising an active ingredient

and optionally a polymer binder; and

d) applying onto said second layer, a third polymer layer effective for controlled

release of the active ingredient;

wherein the amount of material in said first is selected to provide a layer

3 0 thickness that permits control of water penetration into the core.

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1266



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1267

10

15

wo 00/27364 1 8 PCT/SE99/02052

19. A method for treating overactive bladder, which comprises administering a

therapeutically effective amount of beads according to any one of claims 8 to 15.

20. The method according to claim 19, wherein the active ingredient is tolterodine or

a pharmacologically acceptable salt thereof.

21. A method for treating nocturia, which comprises administering a therapeutically

effective amount of beads according to any one of claims 8 to 15.

I

22. The method according to claim 21, wherein the active ingredient is tolterodine or

a pharmacologically acceptable salt thereof.

23. A method for treating gastrointestinal disorders, which comprises administering

a therapeutically effective amount of beads according to any one of claims 8 to 15.
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Pharmaceutical formulation containing tolterodine and its use.

The present invention relates to a pharmaceutical formulation for administering

tolterodine or a tolterodine-related compound, and to the medical use of such a

formulation.

A substantial part (5—lO%) of the adult population suffers from overactive or

unstable urinary bladder, often also referred to as urinary incontinence. The symptoms

of an unstable or overactive bladder comprise urge incontinence, urgency and urinary

frequency. The prevalence of overactive bladder, particularly of so-called urge

incontinence, increases with age. It is assumed that unstable or overactive bladder is

caused by uncontrolled contractions of the bundles of smooth muscle fibres forming the

muscular coat of the urinary bladder (the detrusor muscle) during the filling phase of the

bladder. These contractions are mainly controlled by cholinergic muscarinic receptors,

and the pharmacological treatment of unstable or overactive bladder has been based on

muscarinic receptor antagonists. The drug of choice has for a long time been

oxybutynin.

Recently, however, an improved muscarinic receptor antagonist, tolterodine, (R)-

N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-phenylpropanarnine, has been

marketed for the treatment of urge incontinence and other symptoms of unstable or

overactive urinary bladder. Both tolterodine and its major, active metabolite, the 5-

hydroxymethyl derivative of tolterodine, which significantly contributes to the

therapeutic effect, have considerably less side-effects than oxybutynin, especially

regarding the propensity to cause dry mouth. While tolterodine is equipotent with

oxybutynin in the bladder, its affinity for muscarinic receptors of the salivary gland is

eight times lower than that of oxybutynin; see, for example, Nilvebrant, L., et al.,

European Journal of Pharmacology 327 (1997) 195-207. The selective effect of

tolterodine in humans is described in Stahl, M. M. S., et al., Neurourology and

Urodynamics 14 (1995) 647-655, and Bryne, N., International Journal of Clinical 0

Pharmacology and Therapeutics, Vol. 35, No. 7 (1995) 287-295.

The currently marketed administration form of tolterodine is filmcoated tablets

containing 1 mg or 2 mg of tolterodine L-tartrate for immediate release in the

gastrointestinal tract, the recommended dosage usually being 2 mg twice a day. While,
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as mentioned, the side-effects, such as dry month, are much lower than for oxybutynin,

they still exist, especially at higher dosages.

Our co-pending international application PCT/SE99/01463 relates to the

administration of tolterodine and tolterodine-related compounds through a controlled

release formulation and is based on the finding that, contrary to the case of oxybutynin,

the substantial elimination of peak serum levels of tolterodine and its active metabolite

through controlled release of tolterodine for an extended period of time, such as through

a once-daily administration form, while maintaining the desired effect on the bladder,

indeed gives a significant reduction of the (already low) side-effects, particularly dry

mouth, compared with those obtained for the same total dosage of immediate release

tablets over the same period. In other words, eliminating the peak serum levels of the

active moiety affects the adverse effects, and particularly dry mouth, more than the

desired effect on the detrusor acfivity, simultaneously as the flattening of the serum

concentration does not lead to loss of activity or increased incidence of urinary retention

or other safety concerns. Thus, in addition to the convenience advantage of controlled

release administration, one may either (i) for a given total dosage of tolterodine, reduce

the side-effects, such as dry mouth, or (ii) for a given level of acceptable side-effects,

increase the dosage of tolterodine to obtain an increased effect on the bladder, if desired.

Our above-mentioned PCT/SE99/01463 discloses treatment of overactive

bladder by the administration of a controlled release formulation that delivers

tolterodine, a tolterodine-related compound, or a pharmacologically acceptable salt

thereof such that a substantially constant serum level of the active moiety or moieties is

maintained for at least 24 hours.

The present invention is based on the unexpected observation that a substantially

constant serum level of the active moiety or moieties for 24 hours may be obtained

through oral administration of a controlled release pharmaceutical fonnulation that

releases the major content of active compound in less than about 18 hours, and more

particularly that the formulation has an in vitro release of not less than about 80 % after

18 hours at the conditions specified below.

In one aspect, the present invention therefore provides a pharmaceutical

formulation containing tolterodine or a tolterodine-related compound, or a

pharmacologically acceptable salt thereof, as active ingredient, in which the formulation
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exhibits a controlled in vitro release of the active ingredient in phosphate buffer at pH

6.8 of not less than about 80 % after 18 hours, and after oral administration to a patient

is capable of maintaininga substantially constant serum level of the active moiety or

moieties for 24 hours.

A second aspect of the invention relates to the use of the pharmaceutical

formulation for treating a disorder or disease selected from overactive bladder

(including i.a. urinary incontinence and nocturia) and gastrointestinal disorders.

A third aspect of the invention relates to the use of tolterodine or a tolterodine—

related compound, or a pharmacologically acceptable salt thereof, for the preparation of

the pharmaceutical formulation of the above first aspect of the invention.

Preferably, the fraction of tolterodine, tolterodine-related compound or salt

thereof that is released is not less than about 80 % after 15 hours, especially not less

than about 80 % afier 12 hours.

On the other hand, the fraction of tolterodine, tolterodine-related compound or

salt thereof that is released in vitro after 1 hour is preferably not more than about 50 %,

especially not more than about 30%.

The fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro after three hours is preferably from about 30 to 95 %, especially from

about 40 to about 85 %.

It may be preferred that after 7 hours, the fraction of tolterodine, tolterodine-

related compound or salt thereof that is released in vitro is not less than about 50 %,

especially not less than about 80 %.

In an exemplary in vitro release profile for the pharmacutical formulation, the

fraction of tolterodine, tolterodine-related compound or salt thereof that is released in

vitro is less than about 50 % after 1 hour, from about 30 to about 95 % after 3 hours,

and more than about 50 % after 7 hours.

The in vitro release measurement conditions referred to above are those for a

drug release test that utilizes the United States Pharmacopea (USP) Apparatus 1

(rotating basket) at 100 rpm with 900 ml of deareated phosphate buffer at pH 6.8 and

37°C, where the phosphate buffer solution is prepared as described on pages 2049-2050

in USP 23. The phosphate buffer nominally contains 0.05 M phosphate.
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By the term "active moiety or moities" it is meant, in the case of tolterodine and

its related compounds, the sum of free or unbound (i.e. not protein bound)

concentrations of (i) tolterodine and active metabolite thereof, when tolterodine (or

prodrug form) is administered; or (ii) tolterodine and active metabolite thereof and/or

(S)—enantiomer to tolterodine and active metabolite thereof, when the corresponding

racemate (or prodrug form) is administered; or (iii) active metabolite, when the (R)-5-

hydroxymethyl metabolite of tolterodine (or prodrug form) is administered; or (iv) (S)-

enantiomer to tolterodine and active metabolite thereof, when the (S)—enantiomer (or

prodrug) is administered; or (v) active (S)-metabolite, when the (S)-5-hydroxymethyl

metabolite is administered.

The term "substantially constant" with respect to the serum level of active moiety

or moieties means that the serum profile after administration of the controlled release

formulation does essentially not exhibit any substantial peak values. This may also be

expressed mathematically by reference to the "fluctuation index" (FI) for the serum

concentration of (unbound) active moiety (or sum of active moities when relevant),

where the fluctuation index FI is calculated as

Fl = (Cmax - Cmin)/AUCt/‘r

wherein Cmax and Crnin are the maximum and minimum concentrations, respectively,

of active moiety, AUC: is the area under the serum concentration profile (concentration

vs time curve), and T is the length of the dosage interval during the time 1:. The

controlled release formulation according to the present invention readily permits a mean

fluctuation index (for I_l being at least 30) that is not higher than about 2.0, more

preferably not higher than about 1.5, particularly not higher than about 1.0, for example

not higher than about 0.8.

For tolterodine and its 5—hydroxymethyl metabolite, the 24-hour exposure,

expressed as AUC unbound active moiety (tolterodine plus metabolite) is usually in the

range of from about 5 to about 150 nM*h, preferably from about 10 to about 120 nM"'h,

depending on the dosage needed by the particular patient. The indicated limits are based

upon calculation of the unbound concentrations of active moiety assuming a fraction

unbound of 3.7% for tolterodine and 36% for the 5-hydroxymethyl metabolite

(Nilvebrant, L., et al., Life Sciences, Vol. 60, Nos. 13/14 (1997) 1129-1136).
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Correspondingly, for tolterodine and its 5-hydroxymethyl metabolite, the average

unbound (blood) serum or plasma levels of active moiety (tolerodine plus metabolite)

are usually in the range of about 0.2 to about 6.3 nM, preferably in the range of about

0.4 to about 5.0 nM.

The formulation of the present invention is not restricted to any particular type of

formulation. Thus, various types of controlled or sustained release type formulations

may be used for embodying the present invention, such as, for example, osmotic tablets,

gel matrix tablets, coated beads, etc.

A common type of controlled release formulation that may be used for the

purposes of the present invention comprises an inert core, such as a sugar sphere, coated

with an inner drug-containing layer and an outer membrane layer controlling drug

release from the inner layer. A "sealcoat" may be provided between the inert core and

the layer containing the active ingredient. When the core is of a water-soluble or water-

swellable inert material, the sealcoat is preferably in the form of a relatively thick layer

of a water-insoluble polymer. Such a controlled release bead may thus comprise:

(i) a core unit of a substantially water-soluble or water-swellable inert material;

(ii) a first layer on the core unit of a substantially water-insoluble polymer;

(iii) a second layer covering the first layer and containing an active ingredient;

and

(iv) a third layer on the second layer of polymer effective for controlled release

of the active ingredient,

wherein the first layer is adapted to control water penetration into the core.

The term "control water penetration into the core" as used above means that the

water influx to the core should be retarded in a controlled manner to such an extent that

the drug release profile will be altered in a predictable fashion. Thus, while in many

cases it may be preferred that the water penetration into the core is substantially or

completely eliminated, a certain, controlled influx of water to the core may be

acceptable in other cases.

The above-mentioned first layer of water-insoluble material may also serve to

provide mechanical integrity to the core.

Optionally, the above-mentioned third, or controlled release layer is coated with

one or more additional layers of water-soluble or insoluble polymer, e.g. a non-
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thermoplastic soluble polymer to decrease tackiness of the beads for subsequent

processing, such as curing and filling into capsules, or a secondary functional coating,

such as an enteric coating that delays the onset of drug release. Optionally, such an

additional layer may contain drug for immediate release.

Usually, the first layer (ii) above constitutes more than about 2% (w/w) of the

final bead composition, preferably more than about 3% (w/w), e.g. from about‘3% to

about 80% (w/w).

The amount of the second layer (ii) above usually constitutes from about 0.05 to

about 60 % (w/w), preferably from about 0.] to about 30 % (w/w) of the final bead

composition.

The amount of the third layer (iv) above usually constitutes from about I to

about 50 % (w/w), preferably from about 2 to about 25 % (w/w) of the final bead

composition. \
The core unit typically has a size in the range of from about 0.05 to about 2 mm.

The controlled release beads may be provided in a multiple unit formulation,

such as a capsule or a tablet.

The cores are preferably of a water-soluble or swellable material, and may be any

such material that is conventionally used as cores or any other pharmaceutically

acceptable water-soluble or water-swellable material made into beads or pellets. The

cores may be spheres of materials such as sucrose/starch (Sugar Spheres NF), sucrose

crystals, or extruded and dried spheres typically comprised of excipients such as

microcrystalline cellulose and lactose.

The substantially water-insoluble material in the first, or sealcoat layer is

generally a "GI insoluble" or "GI partially insoluble" film forming polymer (dispersed or

dissolved in a solvent). As examples may be mentioned ethyl cellulose, cellulose

acetate, cellulose acetate butyrate, polymethacrylates such as ethyl acrylate/methyl

methacrylate copolymer (Eudragit NE-30—D) and ammonia methacrylate copolymer

types A and B (Eudragit RL3OD and RS30D), and silicone elastomers. Usually, a

plasticizer is used together with the polymer. Exemplary plasticizers include:

dibutylsebacate, propylene glycol, triethylcitrate, tributylcitrate, castor oil, acetylated

monoglycerides, acetyl triethylcitrate, acetyl butylcitrate, diethyl phthalate, dibutyl

phthalate, triacetin, fractionated coconut oil (medium-chain triglycerides).
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The second layer containing the active ingredient may be comprised of the active

ingredient (drug) with or without a polymer as a binder. The binder, when used, is

usually hydrophilic but may be water-soluble or water-insoluble. Exemplary polymers to

be used in the second layer containing the active drug are hydrophilic polymers such as

polyvinylpyrrolidone (PVP), polyalkylene glycol such as polyethylene glycol, gelatine,

polyvinyl alcohol, starch and derivatives thereof, cellulose derivatives, such as

hydroxypropylmethyl cellulose (HPMC), hydroxypropyl cellulose, carboxymethyl

cellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, carboxyethyl

cellulose, carboxymethylhydroxyethyl cellulose, acrylic acid polymers,

polymethacrylates, or any other pharmaceutically acceptable polymer.

The ratio of drug to hydrophilic polymer in the second layer is usually in the

range offrom 1:100 to 100:1 (w/w).

Suitable polymers for use in the third layer, or membrane, for controlling the

drug release may be selected from water-insoluble polymers or polymers with pH-

dependentsolubility, such as, for example, ethyl cellulose, hydroxypropylmethyl

cellulose phthalate, cellulose acetate phthalate, cellulose acetate trimellitate,

polymethacrylates, or mixtures thereof, optionally combined with plasticizers, such as

those mentioned above. Optionally, the controlled release layer comprises, in addition to

the polymers above, another substance(s) with different solubility characteristics, to

adjust the permeability, and thereby the release rate, of the controlled release layer.

Exemplary polymers that may be used as a modifier together with, for example, ethyl

cellulose include: HPMC, hydroxyethyl cellulose, hydroxypropyl cellulose,

methylcellulose, 'carboxymethylcellulose, polyethylene glycol, polyvinylpyrrolidone

(PVP), polyvinyl alcohol, polymers with pH-dependent solubility, such as cellulose

acetate phthalate or arnmonio methacrylate copolymer and methacrylic acid copolymer,

or mixtures thereof. Additives such as sucrose, lactose and pharmaceutical grade

surfactants may also be included in the controlled release layer, if desired.

The above controlled release beads and formulation, respectively may be

produced by a method comprising the following steps:

a) providing a core unit of a substantially water-soluble or water-swellable

material;

b) applying a first layer of a substantially water-insoluble polymer to said core;
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c) applying onto said first layer, a second layer comprising an active ingredient

and optionally a polymer binder; and

d) applying onto said second layer, a third polymer layer effective for controlled

release of the active ingredient;

wherein the amount of material in said first layer is selected to provide a layer

thickness that permits control of water penetration into the core.

Optionally, one or more additional polymer layers are applied to the core as has

been mentioned above.

The preparation of the multiple unit formulation comprises the additional step of

transforming the prepared heads into a pharmaceutical formulation, such as by filling a

predetermined amount of the beads into a capsule, or compressing the beads into tablets.

The layering or coating operations are preferably performed by spraying a

solution or dispersion of the respective layer materials onto the core, preferably in a

fluid bed coating apparatus.

After the final coating step, the beads are optionally ”cured”, usually in a fluid

bed system or in a tray dryer system, by heating to a temperature of about 30-80°C, for

30 to 180 minutes, for example. Suitably, the beads are then cooled below about 35°C

before stopping the process.

As mentioned above, the pharmaceutical formulation according to the present

invention may be used for treating, inter alia, urinary disorders including overactive

urinary bladder. The overactive bladder condition gives rise to urinary frequency,

urgency and/or urge incontinence. Overactive bladder disorders also include nocturia,

i.e. awakening at night to urinate. While overactive bladder is often associated with

detrusor muscle instability, disorders of bladder function may also be due to neuropathy

of the central nervous system (detrusor hyperreflexia) including spinal cord and brain

lesions, such as multiple sclerosis and stroke. Overactive bladder symptoms may also

result from, for example, male bladder outlet obstruction (usually due to prostatic

hypertrophy), interstitial cystitis, local edema and irritation due to focal bladder cancer,

radiation cystitis due to radiotherapy to the pelvis, and cystitis. The formulation may

also be useful for treating gastrointestinal disorders, including gastrointestinal

hyperactivity.
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The pharmaceutical formulation according to the present invention has proved to

be very suitable for administering the above-mentioned drug tolterodine, the chemical

name of which is (R)-N,N-diisopropyl—3—(2-hydroxy-5-methylphenyl)-3-

phenylpropanamine, and would likewise be suitable for its related compounds, i.e. the

major, active metabolite of tolterodine, i.e. (R)-N,N-diisopropyl-3-(2-hydroxy-5-

hydroxymethylphenyl)-3-phenylpropanamine; the corresponding (S)—enantiomer to

tolterodine, i.e. (S)—N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-

phenylpropanarnine; the 5—hydroxymethyl metabolite of the (S)—enantiomer, i.e. (S)-

N,N-diisopropyl-3-(2-hydroxy-5-hydroxymethylphenyl)—3—phenylpropanamine; as well

as the corresponding racemate to tolterodine, i.e. (R,S)-N,N-diisopropyl-3-(2~hydroxy-

5-methylphenyl)-3-phenylpropanamine; and prodrug forms and pharmacologically

acceptable salts thereof.

Tolterodine is marketed for the treatment of unstable or overactive urinary

bladder with symptoms including urinary incontinence (urge incontinence), urgency and

urinary frequency. The 5-hydroxymethyl metabolite of tolterodine mentioned above

contributes significantly to the therapeutic effect of tolterodine.

Tolterodine, its corresponding (S)—enantiomer and racemate and the preparation

thereof are described in e.g. the above-mentioned US-A-5,3 82,600. For a description of

the active (R)-5-hydroxymethyl metabolite of tolterodine (as well as the (S)-5-

hydroxymethyl metabolite), it may be referred to the above-mentioned US-A-5,559,269.

The (S)-enantiomer, its non-cholinergic spasmolytic activity and use in the treatment of

urinary and gastrointestinal disorders are described in WO 98/03067.

The invention will now be described in more detail by the following non-

limiting Examples. Reference will be made to the accompanying drawings, wherein:

Fig. l is a diagram showing the fraction of tolterodine L-tartrate released in vitro

versus time for 2 and 4 mg controlled release capsules according to the Example below;
and

Fig. 2 is a diagram showing the variation of serum concentration (nmol/L) of

(unbound) active moiety with time (hours) during 24 hours when administering a

predetermined total dosage of tolterodine (4 mg) through a prolonged release (PR)

capsule (4 mg) according to the Example below once daily. The corresponding variation

with a prior art immediate release (IR) tablet (2 mg) twice daily is also shown.
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EXAMPLE

Preparation of controlled release beads and capsules

An exemplary bead formulation containing tolterodine L-tartrate as active

ingredient has the following structure:

Core: Starch—containing sugar sphere of about 0.8 mm diameter

(commercially available); comprises 73 % w/w of the final bead;

purpose: coating substrate;

First la er: Surelease® ”sealcoat” (Surelease® is an aqueous film-coatingjL_

dispersion, about 25% solids, consisting primarily of

ethylcellulose plasticized with fractionated coconut oil, and

manufactured by Colorcon, Inc, USA); comprises about 12 %

w/w of the final bead;

purpose: to provide more consistent core surface; during drug

release phase maximize time that drug is saturated inside bead

and minimize osmotic effects; control drug release rate together

with the third layer;

Second layer: Tolterodine L-tartrate/hydroxypropylmethylcellulose (HPMC);

comprises about 3 % w/w of the final bead; ratio of

Tolterodine:HPMC is 5:1;

purpose: drug supply;

Third layer: Surelease®/HPMC; comprises about 12 % w/w of the final

bead; ratio of Surelease®:HPMC is 6:1;

purpose: drug release rate control;
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Beads with a three-layer coating having the above characteristics were prepared

as follows:

1200 g of sugar spheres, 20-25 mesh, were charged into a Wurster fluid bed and

sequentially coated at a nominal product temperature of 36 to 40°C with the following

three coating liquids:

- (1) a Surelease® sealcoating liquid prepared by mixing 788 g of Surelease® with 563

g of purified water;

- (2) a drug-containing solution prepared by first dissolving 35.0 g of tolterodine L-

tartrate in 2190 g of purified water, and then mixing the solution with 6.6 g of

hydroxypropylmethyl cellulose (I-IPMC) 5 cP; and

- (3) a sustained release coating liquid prepared by mixing 29 g of l-IPMC 5 cP with 375

g of purified water, and then mixing with 695 g of Surelease®.

After tray drying for 3 hours at 70°C, the coated spheres were filled into size #4

or size #3 hard gelatin capsules to obtain 2 mg and 4 mg tolterodine L-tartrate capsules,

respectively, of the composition:

2 mg capsule 4 mg capsule

Tolterodine L-tartrate 2.0 mg 4.0 mg

sugar spheres, 20-25 mesh 68.6 mg 137.2 mg

Surelease® 21.2 mg 42.4 mg

HPMC 5cP 2.0 mg 4.0 mg

Optionally, a fourth layer may be applied to the bead before drying by Wurster

coating.

Fourth layer : HPMC; comprises about I % w/w of the final bead;

purpose: decrease tackiness of beads for subsequent processing

(curing and capsule filling).

In the case of the above described bead, such a fourth layer may be applied with

a coating solution prepared by dissolving 16.4 g of HPMC in 234 g of water.
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Drug in vitro release study

A drug-release test which utilizes the USP Apparatus 1 (rotating basket) at 100

rpm with lOO0 mL of deaerated phosphate buffer prepared at pH 6.8, was used to study

the in vitro release at 37°C of the two three-layered beads-containing 2 and 4 mg

capsules prepared above. The buffer was identical to that used for the Buffer Stage

testing of Delayed-release dosage forms described in USP 23 General Chapter 724, and

nominally contains 0.05 M phosphate and 0.075 M chloride. The results are shown in

Fig. 1. As can be seen therein, about 90 % of the tolterodine tartrate had been released

from both capsules after 12 hours.

Pharmacokinetic study -— Determination of serum concentrations of tolterodine and

main metabolite

A clinical trial was performed in patients with overactive bladder to determine

the pharmacokinetic effects of a (i) a once daily dose ofa 4 mg tolterodine controlled

release capsule (below referred to as TOD) as described above, and (ii) two doses daily

of a tolterodine immediate release tablet (below referred to as TIR), described below. 30

patients were subjected to each of the treatments. The measurements were performed on

day seven in each treatment period and included measurements of serum concentrations

of tolterodine and its main 5—hydroxymethyl metabolite (below called 5-HM) over time.

Blood samples were drawn immediately before closing and after 0.5, 1, 2, 3, 6, 9,

12, 24 and 25 hours, and the free (unbound) serum concentrations of tolterodine and its

5-HM metabolite were measured by gas chromatography/mass spectrometry. The

unbound concentrations were calculated assuming a fraction unbound of 3.7% for

tolterodine and of 36% for 5-HM as obtained from protein binding studies on human

serum (Nilvebrant, L., et al., Life Sciences, Vol. 60, Nos. 13/14 (1997) 1129-1136).

Figure 2 shows the obtained variation with time of the sum of the unbound

concentrations of tolterodine and 5-HM (which sum is referred to as "active moiety")

for, on the one hand, the administration of a 4 mg TOD capsule once daily (PR capsule

in Fig. 2), and, on the other hand, the administration of a 2 mg TIR tablet twice daily

(i.e. equivalent 24-hour doses of capsule and tablet). As shown in the Figure, the peaks

obtained with the TIR tablet are eliminated with the TOD capsule, the latter thus
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providing a substantially constant serum concentration of active moiety during the 24

hours illustrated.

The difference in fluctuation of the serum concentrations between TIR tablet and

TOD capsule may also be demonstrated by calculation of the "fluctuation index". The

fluctuation index, F1, is calculated as Fl = (Cmax - Cmin)/AUC1:/t, where t is the length

of the dosage interval and AUCt is the area under the serum concentration profile

during a dosage interval. Thus, the mean calculated fluctuation inde)t for the active

moiety was 2.29 (95% CI 1.95-2.63) for the TIR tablet (based on n=28), and 0.68 (95%

CI 0.59-0.78) for the TOD capsule.

While the invention has been described above with reference to specific

embodiments thereof, it is not restricted thereto in any way whatsoever. On the contrary,

as will be understood by those skilled in the art, various changes, modifications,

substitutions and omissions can be made without departing from the basic concept of the

invention as defined in the claims which follow. Thus, for example, other sustained

release formulations may be used.
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CLAIMS

A pharmaceutical formulation containing tolterodine or a tolterodine-related

compound, or a pharmacologically acceptable salt thereof, as active ingredient,

which formulation exhibits a controlled in vitro release of the active ingredient

in phosphate buffer at pH 6.8 of not less than about 80 % afier 18 hours, and

after oral administration to a patient is capable of maintaining a substantially

constant serum level of the active moiety or moieties for 24 hours.

The formulation according to claim 1, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is not less

than about 80 % after 15 hours.

The formulation according to claim 1, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is not less

than about 80 % after 12 hours.

The formulation according to claim 1, 2 or 3, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is less than

about 50 % after 1 hour.

The formulation according to claim 4, wherein the fraction of tolterodine,

tolterodine-related compound or salt thereof that is released in vitro is less than

about 30 % after 1 hour.

The formulation according to claim any one of the preceding claims, wherein the

fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro is from about 30 to about 95 % afier 3 hours.

The formulation according to any one of the preceding claims, wherein the

fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro is from about 40 to about 85 % after 3 hours.
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8. The fonnulation according to any one of the preceding claims, wherein the

fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro is more than about 50 % after 7 hours.

9. The formulation according to any one of the preceding claims, wherein the

fraction of tolterodine, tolterodine-related compound or salt thereof that is

released in vitro is more than about 80 % after 7 hours.

10 10. The formulation according to claim 1, wherein the fraction of tolterodine,

' tolterodine-related compound or salt thereof that is released in vitro is not more

than about 50 % after 1 hour, from about 30 to about 95 % after 3 hours, and not

less than about 50 % after 7 hours.

1 5 11. The formulation‘ according to any one of the preceding claims, wherein the in

vitro release is measured by a drug release test which utilizes the United States

Pharmacopea (USP) Apparatus 1 (rotating basket) at 100 rpm with 900 ml of

deareated phosphate buffer at pH 6.8 and 37 °C, where the phosphate buffer

solution is prepared as described on pages 2049-2050 of USP 23, and nominally

2 0 contains 0.05 M phosphate.

12. The formulation according to any one of the preceding claims, wherein the

controlled release formulation provides a mean flucruation index of said serum

level of active moiety or moieties that is not higher than about 2.0, preferably not

25 higher than about 1.0, said flutuation index, FI, being defined as Fl = (Cmax -

Cmin)/AUC1:/-r, wherein Cmax and Cmin are the maximum and minimum

concentrations, respectively, of active moiety or moieties, AUCT is the area

under the serum concentration profile, and 1: is the length of the dosage interval.

3 0 l3. The formulation according to any one of the preceding claims, which comprises

tolterodine, its 5-hydroxymethyl metabolite or the racemate corresponding to

tolterodine, or a salt thereof.
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14. The formulation according to any one of the preceding claims, which comprises

tolterodine, or a salt thereof.

5 15. The formulation according to claim 14 or 15, wherein the 24-hour serum profile,

expressed as the AUC of unbound tolterodine and 5-hydroxymethyl metabolite,

is from about 5 to about 150 nM*h, preferably from about 10 nM*h to about 120

nM*h. -

10 16. The formulation according to claim l4 or 15, wherein and the serum level of

unbound tolterodine and 5-hydroxymethyl metabolite is in the range of about 0.2

to about 6.3 nM, preferably in the range of about 0.4 to about 5.0 nM.

15 17. A method for treating overactive bladder, which comprises administering a

therapeutically effective amount of a pharmaceutical formulation according to

any one of claims 1 to 16.

18. A method for treating urinary incontinence, which comprises administering a

2 0 therapeutically effective amount of a pharmaceutical formulation according to

any one of claims I to 16.

19. A method for treating nocturia, which comprises administering a therapeutically

effective amount of a pharmaceutical formulation according to any one of claims

25 lto16.

20. A method for treating gastrointestinal disorders, which comprises administering

a therapeutically effective amount of a pharmaceutical formulation according to

any one ofclaims 1 to 16.

3 0

21. Use of tolterodine or a tolterodine-related compound, or a pharmaceutically

acceptable salt thereof, for the manufacture of a therapeutical formulation for
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treating a disorder selected from overactive urinary bladder, including urinary
incontinence, nocturia and gastrointestinal disorders, which formulation exhibits

a controlled in vitro release of tolterodine, a tolterodine-related compound or
pharmacologically acceptable salt thereof, in phosphate buffer at pH 6.8 of not

5 less than about 80 % after 18 hours, and after oral administration to a patient is

capable of maintaining a substantially constant serum level of the active moiety
or moieties for 24 hours.

22. A method for orally administering tolterodine or a tolterodine-related compound,
1 0 or a pharmacologically acceptable salt thereof, to a patient to maintain a

substantially constant serum level of the active moiety or moieties for 24 hours,
which method comprises administering a pharmaceutical formulation containing
tolterodine, a tolterodine-related compound or a salt thereof, which formulation

exhibits a controlled in vitro release in phosphate buffer at pH 6.8 of tolterodine,
15 tolterodine-related compound or salt thereof of not less than about 80 % after 18

hours.
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Pharmaceutical Compositions

The present invention relates to novel galenic compositions, in particular novel galenic

compositions comprising a poorly water-soluble dmg, e.g. a cyclosporin.

Cyclosporins present highly specific difficulties in relation to administration generally and

galenic composition in particular, including in particular problems of stability, drug

bioavailability, and variability in inter- and intra-patient dose response.

In order to meet these and related difficulties, in GB patent publication no. 2 222 770 and no.

2 257 359, galenic compositions are disclosed comprising a cyclosporin as active ingredient
and which take the fonn of, inter alia, an emulsion, e.g. microemulsion, or emulsion, e.g.

microemulsion, pre-concentrate. Microemulsion pre-concentrates have been developed for

commercial use under the trademark Neoral® which may be orally administered in the form

of drink solutions or soft gelatine capsules.

There remains a need for fonnulations comprising a poorly water-soluble dmg, e.g.

cyclosporin, that can be orally administered in solid form, e.g. tablet, powder or capsules.

which is stable and exhibit consistent and effective absorption. Conveniently, the tablets or

capsules are of a volume that allows convenient administration, e.g. easy swallowing.

The poorly water soluble drug preferably is a lipophilic dmg. e.g. a cyclosporin. The term

"poorly water soluble”, as used herein, is understood to mean a solubility in water at 20°C of

less than 1. e.g. 0.01, % weighilvolume, e.g. a sparingly soluble to very slightly soluble drug

as described in Remington: The Science and Practice of Pharmacy, 19"‘ Edition, Ed. A.R.

Gennaro, Mack Publishing Company, US, 1995, vol. 1, p 195.

Cyclosporins to which the present invention applies are any of those having phannaceutical

utility, e.g. as immunosuppresslve agents, anti-parasitic agents and agents for the reversal

of multl-dnrg resistance, as known and described in the art, in particular Qrclosporin A (also

known as Ciclosporin), cyclosporin G, [O-(2-hydroxyethyl)-(D)Ser]°-Ciclosporin, and

[3'-dehydroxy-3'-keto-MeBmt]‘-[VaI1’-Ciclosporin. cyclosporin A is preferred.
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In one aspect the present invention provides a composition according to the present

invention wherein the cyclosporin is Cyclosporin A.

In accordance with the present invention it has now surprisingly been found that particularly

suitable galenic compositions containing a poorly water-soluble drug, e.g. a cyclosporin.

having particularly interesting bioavailability characteristics and reduced variability in inter-

and intra—subject bioavailability parameters, e.g. in the form of tablets, capsules or powder.

are obtainable using a solid polymer and/or a solid surfactant.

The present invention provides in one aspect a solid pharmaceutical composition, e.g. in

fonn of a tablet, a powder or a capsule, comprising

(1) a poorly water soluble drug. e.g. a cyclosporin, and

(2) a polymer which is solid at room temperature.

The polymer is preferably one which can exist in the form of a, e.g. flowable, powder, having

a melting point of e.g. above 40°C, preferably having a melting point and/or a glass transition

temperature of above about 80°C.

in accordance with the present invention, it has surprisingly been found that suitable

cyclosporin-containing compositions and compositions containing other poorly water-soluble

dnrgs may be obtained based on polymers (2) which are solid at room temperature. The

polymer is for example a pH dependent or non-pH dependent polymer. The polymer

preferably is a hydrophilic polymer. Conveniently one or a mixture of polymers may be used.

Suitable pH—independent polymers include

2.1 polyvinyl pyrrolidone. A preferred example may be PVP K30, having an approx.

molecular weight of 50 000 Daltons, or PVP K12, having an approx. molecular weight of

2 500 Daltons, as known and commercially available under the trade name Kollidon® or

Plasdone® (Fiedler. "Lexikon der Hilfsstoffe for Pharrnazie, Kosmetik und angrenzende

Geblete". Editio Cantor Verlag Aulendorf. Aulendorf. 4th revised and expanded edition

(1996), 1, , p.1256); ’

2.2 cellulose derivatives such as hydroxypropylmethylcellulose, preferably having a

molecular weight of from 10 000 to 1 500000 Daltons, as known and commercially

available under the trade names Phannacoat® or Methocel® (Fiedler. p.790). A
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preferred example may be as known and commercially available under the namevHPMC

3 cP.

Suitable pH-dependent polymers include: _

5 2.3 cellulose derivatives such as hydroxypropylmethylcellulose phthalate, hydroxypropyl-

2.4

methylcellulose acetate succinate or cellulose acetate phthalate. Preferably, .

hydroxypropylmethylcellulose phthalate may be used as known and commercially

available, e.g. from Shin-Etsu. under the name HPMCP HP50, having a viscosity of -

190:t20 cP, a methoxy content of 20.0-25.0%, hydroxypropyl content of 5.0-10.0%, and

a carboxybenzoyl content of 20.0-24.0%, or HPMCP HP55, having a viscosity of

240120 cP, a methoxy content of 18.0-22.0%. hydroxypropyl content of 4.0-9.0%, and a

rboxybenzoyl content of 27.0-35.0% (Fiedler, loc. cit. p.762). Preferably,

hydroxypropylmethylcellulose acetate succinate (HPMCAS) may be used as known and

 

commercially available, e.g. from Shin-Etsu. Preferably, cellulose acetate phthalate may

be used as known and commercially available. e.g. from Eastman Chemical Company,

US, under the trade name C-A—P.

poly(meth)acrylates, preferably having a molecular weight from about 100 000 to about

400000 Daltons. Preferably, the polymer is a copolymer which is resistant to gastric

juice and soluble in intestinal juices, e.g. a copolymer formed from monomers selected

from the group consisting of methacrylic acid, methacrylic acid esters, acrylic acid and

acrylic acid esters, or e.g. a copolymer fonned from butyl methacrylate. (2-dimethyI-

aminoethynmethacrylate, and methyl methacrylate. e.g. as those known and

commercially available under the trade mark Eudragit® from Rbhm Pharma GmbH.

Especially preferred polymers are the 1:1 copolymer fonned from monomers selected

from the group consisting of methacrylic acid and methacrylic acid lower alkyl esters,

such as the 1:1 copolymer formed from methacrylic acid and methyl methacrylate.

avaflable under the trade mark Eudragit® L, e.g. Eudragit® L100, having a molecular

weight of about 135 000 Daltons. and the 1:1 copolymer of methacrylic acid and acrylic

acid ethyl ester as known and commercially available under the trade mark Eudragit®

L100-55, having a molecular weight of about 250 000 Daltons. and the 1:2:1 copolymer

fomled from butyl methacrylate. (2-dimethylaminoethyl)methacrylate, and ‘methyl

methacrylate. available under the trade mark Eudragit® E, having a molecular weight of

about 150 000 Daltons.
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Although any phamtaceutically acceptable components selected from the group of polymers

specified above may be used in the composition of the invention. certain components are

preferred. These include polyvinyl pyrrolidones. e.g. PVP' K12lK30, hydroxypropylmethyl-

cellulose phthalates, e.g. HPMCP HP50l55, or1:1 copolymers formed from methacrylic acid

and methyl methacrylate, e.g. E_udragit® L100 and L 100-55. Conveniently, one or a mixture

of these polymers may be used.

pH-Dependent polymers preferably dissolve at a pH of below about 6, e.g. below about 5.

In the pharmaceutical compositions of the present invention, in a further alternative aspect

the constitutional ratio of pooriy water-soluble drug (e.g. cyclosportn) :‘polymer may be from T

about (10 to 50) : (90 to 50), e.g. 10 : 90. 20 : 80, 30 : 70, or 50 : 50.

The present invention provides in another aspect a solid phannaceutil composition, e.g. in

form of a tablet, a powder or a capsule. comprising

(1) a poorty water soluble drug. e.g. cyclosporin, and

(3) a surfactant which is solid at room temperature.

The present invention provides in a further aspect a solid phannaceutical composition, e.g.

in form of a tablet. a powder or a capsule, consisting of or consisting essentially of

(1) a poorly water-soluble drug, e.g. cyclosporin, and

(3) a surfactant, which is solid at room temperature.

The surfactant (3) is preferably one which can exist in the form of a. e.g. flowable, powder,

having a melting point of e.g. above 40°C.

The surfactant (3) is for example nonionic, ionic or amphoteric surfactant Preferably, the

surfactants have solubilizing power for the poorly water-soluble dmg. e.g. cyclosporins. In

one embodiment the invention provides a composition as described above wherein the

surfactant is ionic, e.g. surfactants such as listed below under (3.5). In another embodiment

the invention provides a composition as described above wherein the surfactant is nonionic,

e.g. surfactants such as listed below under (3.1)-(3.4) and (3.6)-(3.12).

Conveniently one or a mixture of the following surfactants may be used:
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3.1 polyoxyethylene alkyl ethers; preferably the alkyl. ethers are of Cu to C15 alcohols.

Preferably the polymer number is from about 2 to about 150. e.g. about 5 to about 150.

Preferably the polymers are polyoxyethylene glycol ethers. Preferred examples include

polyoxyl 2-, 10- or 20-cetyl ether or polyoxyl 23-lauryl ether, or polyoxyl 20-oleyl ether,

5 or polyoxyl 2-, 10-. 20- or 100-stearyl ether, as known and commercially available e.g.

under the trade mark Brij® from Unlqema. An especially preferred product of this class

is e.g. Brij® 35 (polyoxyl 23 lauryl ether), Brij® 58. Brij® 78P (polyoxyl 20 stearyl

ether), or Brij® 98 (polyoxyl 20 oleyl ether) and polyethoxylated (20) oetyl ether, e.g.

Nikkol® BC-20 TX, (H. Fiedler, Pp. 259; ‘Handbook of Pharmaceutical

10 Excipients', 2nd Edition. Editors A. Wade and P. J. Weller (1994), Joint publication of

American Pharmaceutical Association. Washington. USA and The Pharmaceutical

Press, London, England, page 367).

Similar products which may also be used are polyoxyethylene-polyoxypropylene-alkyl

15 ethers, e.g. polyoxyethylene-polyoxypropylene- ethers of C1; to C13 alcohols, e.g.

polyoxyethylen-20-polyoxypropylene-4-cetylether which is known and commercially

available under the trade mark Nikkol PBC® 34, from e.g. Nikko Chemicals Co., Ltd.

(Fiedler, loc. cit., Vol.2, pp. 1239).

20 3.2 polyethoxylated fatty acid esters. Preferably the molecular weight is from about 600 to

about 18 000 Daltons. Preferably the polymerization number is from about 8 to about

400. Preferably the fatty acid is of 12 to 20 carbon atoms, e.g. stearic acid. e.g. of the

type known and commercially available under the trade name Myrj® from Unlqema

(Fiedler, vol. 2. pp. 1042). An especially preferred product of this class is
25 Myrj® 52 having a D25 of about 1.1, a melting point of about 40 to 44°C, an HLB value

of about 16.9. an acid value of about 0 to 1 and a saponification no. of about 25 to 35.

or Myrj® 63. or Myrj® 59 (polyethyleneglycol-100-stearate). e.g. from Unlqema.

3.3 polyethoxylated sorbitan monostearates, e.g. as known and commercially available

30 under the trade name Tween® 61 from Unlqema (Fiedler, loc. cit., vol. 2. PP. 1616).

3.4 polyethoxylated distearates. e.g. as known and commercially available under the trade

name Atlas® G 1821 from Unlqema (Fiedler, loc. cit., vol. 2, pp. 206), or Nikko® CD8-

6000P from Nikko Chemicals Co., Ltd.
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anionic surfactants, e.g. those based on an alkali metal salt (e.g. of sodium);~

sodium alkyl sulfates e.g. sodium C3—C,3alkyl sulfates. e.g. sodium Cw-Cmalkyl

sulfates, e.g. sodium lauryl sulfate, which is also known as sodium dodecyl sulfate

and which is commercially available, e.g. under the trade name Texapon K12® from

Henkel KGaA (Fiedler, Legit, vol. 2, pp. 1551);

sodium alkyl sulfonates, e.g. sodium C.,—C,.,alkyI sulfonates, e.g. sodium Cw-Cmalkyl

sulfonates;

sodium alkyl aryl sulfonates. e.g. sodium.C3-Cmalkyl aryl sulfonates, e.g. sodium Cm-

, Cwalkyl aryl sulfonates, wherein aryl is e.g. benzyl, phenyl and the like;

3.5.4

3.5.5.

3.5.6

3.6

3.7

3.8

3.9

sodium alkyl phosphate e.g. sodium Ca-Cwalkyl phosphate, e.g. sodium C10-Cwalkyl

phosphate, e.g. sodium lauryl phosphate, or e.g. potassium cetyl phosphate,
available under the trade name of AMPHISOL K from Hoffmann La Roche Ltd.;

sodium stearoyl lactylate (sodium~O-stearyllactate), e.g. as known and commercially

available under the name SSL P55 VEG from Danisco; or

sodium (C4-C12) fatty acid salts e.g. sodium caprinate (Fiedler, 35$, vol. 2, pp.

1051).

polyoxyethylene(POE)-polyoxypropylene(POP)-polyoxyethylene(POE) surfactants, e.g.

poloxamers. e.g. poloxamer 188. as known and commercially available under the

tradename of Pluronlc® F 68 from BASF or Synperonic® PE/F 68 from Uniqema, or

e.g. poloxamer 407 as known and commercially available under tradename PluronidE

F 127 from BASF or Synperonic PEIF 127 from Uniqema.

vitamin E based surfactants. e.g. as known and commercially available under the

name Wtamin E TPGS (polyethoxylated tocopherol succinate) from e.g. Eastman

Kodak.

sucrose esters, e.g. sucrose stearate or sucrose palmitate.

monoglyceride based food emulsifiers, e.g. as known and commercially available

under the trade name Panodan® AM VEG from Danisco (Fiedler. loc. cit.; vol. 2, pp.

1139). or citric acid esters of monoglyceride. e.g. Citrem® LC VEG from Danisco.
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3.10 polyethoxylated hydrogenated castor oil, e.g. as known and commercially available

under the trade name Cremophor® RH 60 from BASF (Fiedler, lggg;:i_t,- vol. 2, pp.

394), which has a saponification value of about 40 to 50, an acid value less than about

1, an iodine value of less than about 1. a water content (Fischer) of about 4.5 to 5.5%.

an n.,°° of about 1.453 to 1.457 and an HLB of about 15 to 17.

3.11 polyethylene glycol (PEG) sterol ethers having, e.g. from 5 to 35 [CHTCHTO] units.

e.g. 20 to 30 units, also in combination with polyoxethylene alkyl ethers. Preferably the

polymer is as known and commercially available under the trade name Solulan® C24

(Choleth 24 (and) Ceteth 24) from Amerchol (Fiedler, vol. 2. pp. 1413), or

Forlan® C-24 (Choleth 24 (and) Ceteth 24) from R.l.T.A. Corp. (Fiedler, l;39.:cit., vol. 2,

PP- 647)

Similar products which may also be used are those which are known and commercially

available under the trade name Nikkol® BPS-30 (polyethoxylated 30 phytosterol) or

Nikkol® BPSH-25 (polyethoxylated 25 phytostanol), from e.g. Nikko Chemils Co.,

Ltd.

3.12 lecithins, e.g. soy bean phospholipid, e.g. as known and commercially available under

the trade name Lipoid® 875 from Lipoid; or egg phospholipid, e.g. as known and

commercially available under the trade name Phospholipon® 90 from Nattennann

(Fiedler,mi. vol. 2, pp. 1185)

it is to be appreciated that surfactants may be complex mixtures containing side products or
unreacted starting products involved in the preparation thereof. e.g. surfactants made by

polyoxyethylation may contain another side product. e.g. polyethylene glycol.

In the compositions of the present invention, a surfactant having a hydrophilic—lipophi|ic

balance (HLB) value of 8 to 40, e.g. 8 to 17, is preferred; The surfactant selected preferably

has a hydrophilic-lipophilic balance (HLB) of at least 10. The HLB value is preferably the

mean HLB value. Preferably, the surfactant is a polyethylene glycol (PEG) sterol ether

having from 5 to 35 [Cl-lg-CH2-O] units, e.g. Solulan® C24, a polyethoxylated fatty acid ester,

e.g. Myrj® 59, a polyoxyethylene alkyl ether. e.g. Brij® 78P, sodium caprinate, or sodium

stearoyl lactylate SSL P55.
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. In a further alternative embodiment, in the pharmaceutical compositions of.the present

invention consisting of or consisting essentially of (1) a drug and (3) a surfactant, the

constitutional ratio of drug (e.g. cyclosporin) 2 surfactant may be e.g. from about 1 : 0.1 to

20. preferably from about 1 : 0.1 to 9.

Preferably in the pharrnaceutlcal compositions of the present invention consisting of or

consisting essentially of (1) a drug and (3) a surfactant, the surfactant may be selected from

the group consisting of surfactants (3.1), (3.2), (3.5) and (3.11). More preferably, the

surfactant is a polyethylene glycol (PEG) sterol ether having from 5 to 35 [CHz—CHrO] units,

e.g. Solulan® C24. a polyethoxylated fatty acid ester. e.g. Myrj® 59. a polyoxyethylene alkyl

ether, e.g. Brij® 78P, sodium caprinate or sodium stearoyl lactate SSL P55. Even more

preferably, the surfactant is sodium caprinate or sodium stearoyl lactate SSL P55.

The surfactant may be present in an amount by weight of e.g. 1% up to about 90%, e.g. 10

to 70%, by weight of the composition.

Compositions comprising anionic surfactants, e.g. sodium caprinate or sodium stearoyl

lactate SSL P55, preferably are enteric coated. The enteric coating may be applied to tablets

andlor to granules. pellets, powders or particles which may be further compressed to tablets.

The tenn 'enteric coating’, as used herein, comprises any pharmaceutically acceptable

coating preventing the release of the poorly water-soluble drug in the stomach and

sufficiently disintegrating in the intestinal tract, e.g. by contact with juices of a pH of about 5,

approximately neutral or ‘alkaline intestine juices. to allow the resorption of the active agent

through the walls of the intestinal tract. Preferably, the poorly water-soluble drug. e.g.

cyclosporin, is released at a pH of about 5. In vitro tests for determining whether or not a

coating is classified as an enteric coating is known in the art.

More specifically. the term 'enteric coating‘, as used herein, refers to a coating which

remains intact for at least 2 hours, in contact with artificial gastric juices such as HCl of pH 1

at 36 to 38°C and preferably thereafter disintegrates within 30 minutes in artificial intestinal

juices such as a KH2PO.. buffered solution of pH 6.8.
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The enteric coating may be applied as described e.g. in Remington's Phannaceutical

Sciences, 18th Edition, Ed.: Alfonso R. Gennaro, Easton, PA : Mack, 1990. Bauer K..

Lehmann K, Osterwald H., Uberzogene Arzneifonnen, 1988, Wissensch. VG, -Stuttgart, the

contents of which are incorporated herein. '

Preferably, the release of the poorly water-soluble drug is not prolonged by the enterlc

coating.

In another embodiment, the compositions of the invention, e.g. inform of a tablet, a powder

or a capsule, comprise

(1) a poorty water soluble drug. e.g. a cyclosporin,

(2) a polymer which is solid at room temperature, and

(3) a surfactant. e.g. a nonionic or ionic or amphoteric surfactant.

The surfactant may be selected from the group (3.1) to (3.12) mentioned above.

Preferably a non-ionic surfactant may be used. More preferably, the surfactant may be

, selected from the group consisting of surfactants (3.1), (3.2), and (3.11). Even more

preferably. the surfactant is a polyethylene glycol (PEG) sterol ether having from 5 to 35

[CH2-CHTO] units, e.g. Solulan® C24, a polyethoxylated fatty acid ester, e.g. Myrj® 59. and

a polyoxyethylene alkyl ether, e.g. Brij® 78P.

In a further aspect the present invention provides the compositions of the invention, e.g. in

form of a tablet. a powder or a capsule, comprising

(.1) a poorfy water soluble drug, e.g. a cyclosporin, ‘

(2) a polymer which is solid at room temperature, and

(3) a surfactant. which e.g. is solid at room temperature, e.g. a surfactant which can exist in

the fonn of a, e.g. flowable, powder and having a melting point of e.g. above 40°C.

In the phamiaceutical composition of the present invention comprising (1) a poorly water

soluble drug, e.g. a cyclosporin. (2) a polymer which is solid at room temperature. and (3) a

surfactant, the amount of the surfactant may be up to about 50%. e.g. up to about 40%, e.g.

up to about 20% by weight. e.g. 1 to 15% by weight, preferably from about 2 to 10, in

particular about 3 to 7% by weight based on the total weight of the composition comprising

the poorly water-soluble drug. e.g. cyclosporin, the polymer and the surfactant. Preferably.
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the ratio of surfactant : drug (e.g. cyclosporin) is 1 : 0.5 to 50, e.g. 1 : 1 to 40, e.g. 1 :2 to 20.

Preferably these three components comprise at least 95, or 95% of the composition.

A preferred embodiment comprises cyclosporin compositions comprising a polymer (2)

which is solid at room temperature, and a surfactant (3) which is solid at room temperature.

In a further aspect, the invention provides a phannaceutical composition e.g. in fonn of a

tablet, a powder or a capsule comprising

V (1) a poorly water soluble drug, e.g. a cyclosporin,

(2) a polymer.

(3) optionally a surfactant and

(4) a rrier.

In another aspect, the invention provides a phamiaceutical composition e.g. in form of a

tablet. a powder or a capsule consisting of or consisting essentially of

(1) a poorly water soluble drug. e.g. a cyclosporin,

(3) a surfactant and

(4) a carrier.

Preferably as a carrier is present e.g.: V

4.1 a water-soluble or water-insoluble saccharide such as lactose or mannitol;

4.2 microcrystalline cellulose, e.g. as known and commercially available under the trade

name Avicel® from FMC Corporation; or

4.3 colloidal silicon dioxide, e.g. as known and commercially available under the trade

name Aerosll®;

4.4 anhydrous tzlcium phosphate, e.g. as known and commercially available under the

trade name Fujicalin®. or anhydrous dicalcium phosphate. e.g. as known and

commercially available under the trade name A-TAB® from Rhodla.

A mixture of carriers may be present.

_ Any carrier. if present. is generally present in an amount of up to about 50%. e.g. 0.5 to

50%. e.g. 10 to 40%, e.g. 15 to 40% by weight, preferably from about 20 to about 30% by
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weight based on the total weight of the composition comprising the drug, e.g. cyclosporin,

the polymer and/or surfactant and the can'ier.

The surfactant is preferably present in an amount of 20 to 50% by weight of the composition,

for example about 30% by weight of the composition comprising the drug, e.g. cyclosporin,

polymer and/or the surfactant and the carrier.

In another aspect, the invention provides a pharmaceutical composition e.g.- in form of a

tablet, a powder or a capsule comprising

(1) a poorly water soluble drug, e.g. a cyclosporin, e.g. cyclosporin A.

(2) a polymer,

(3) optionally a surfactant,

(4) optionally a carrier. and

(5) optionally a disintegrant.

In yet another aspect, the invention provides a pharmaceutical composition e.g. in form of a

tablet, a powder or a capsule consisting of or consisting essentially of

(i) a poorly water soluble drug (1), e.g. a cyclosporin, e.g. cyclosporin A,

(ii) a surfactant (3),

(iii) a carrier (4). and/or a disintegrant (5).

Suitable disintegrants include e.g.

5.1 natural starches. such as

5.1.1 maize starch. potato starch, and the like.

5.1.2 directly compressible starches, e.g. Sta-rx® 1500, ‘modified starches, e.g.

carboxymethyl starches and sodium starch glycolate, available as Primojel®,

Explotab®, Explosol®, and

5.1.3 starch derivatives such as amylose;

5.2 crosslinked pclyvinylpyrrolidones. e.g. crospovidones, e.g. PolypIasdone® XL and

Kollidon® CL; '

5.3 alginic acid or sodium alginate;

5.4 methacryllc acid—divinylbenzene copolymer salts, e.g. Amberlite® IRP-88; and

5.5 cross-linked sodium carboxymethylcellulose. available as e.g. Ac—di~sol®, Primellose®,

Pharmacel® XL, Explocel®. and Nymcel® ZSX, or
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5.6 a mixture of thereof.

The disintegrant or disintegrants may be present in an amount of 1 to 50%. e.g. 5 to 40% by

weight based on the total weight of the composition.

In a further aspect, the invention provides a pharmaceutical composition e.g. in tom of a

tablet, a powder or a capsule comprising

(1) a poorly water soluble drug. e.g. a cyclosporin, e.g. cyclosporin A,

(2) a polymer.

(3) optionally a surfactant,

(4) optionally a carrier.

(5) optionally a disintegrant, and

(6) optionally a lubricant, e.g. magnesium stearate.

in yet another aspect. the invention provides a pharmaceutical composition e.g. in tom of a

tablet, a powder or a capsule consisting of or consisting essentially of

(i) a poorly water soluble drug (1), e.g. a cyclosporin. e.g. cyclosporin A,

(ii) a surfactant (3).

(iii) a carrier (4), a disintegrant (5) and/or a lubricant (6), e.g. magnesium stearate.

Lubricants may be present in a total amount of up to about 5% by weight. e.g. 2%. e.g. 1%

by weight based on the total weight of the composition.

The pharrnaceutil composition may also include further additives or ingredients, for

example antioxidants. such as ascorbyl palmitate, butyl hydroxy anisole (BHA), butyl hydroxy

toluene (BHT)‘and tooopherols, and/or preserving agents. In a further alternative aspect

these additives or ingredients may comprise about 0.05 to 1% by weight of the total weight

of the composition. The phannaceutical composition may also include sweetening or

flavoring agents in an amount of from e.g. 0.1 to e.g up to about 2.5 or 5% by weight based

on the total weight of the composition.

Details of exciplents of the invention are described in e.g. Fiedler, H. P., loc cit; ‘Handbook

of Phannaceutical Excipients', lggg; or may be obtained from the relevant manufacturers,

the contents of which are hereby incorporated by reference.
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Preferably the compositions of the present invention do not contain any organic hydrophilic

component. Under “organic hydrophilic component” is to be understood any hydrophilic

component or any hydrophilic co—component as described in the above mentioned British

patent application no. 2 222 770. Such hydrophilic components excluded may comprise no

added hydrophilic component such as water soluble components and/or ethanol, propylene

glycol or water. Naturally it will be appreciated that small amounts of organic hydrophilic

components e.g. which have no significant effect. may be tolerated, e.g. as a result of

impurities such as less than 3% by weight of the composition.

Preferably the compositions of the present invention do not contain any lipophilic component.

Under ‘lipophilic component” is to be understood any lipophilic component as described in

the above mentioned British patent application no. 2 222 770. Such lipophilic components

excluded comprise no added lipophilic component such as glyceryl fatty acid ester. Naturally

it will be appreciated that small amounts of lipophilic components e.g. which have no

significant effect, may be tolerated. e.g. as a result of impurities such as less than 3% by

weight of the composition.

Accordingly, in one aspect the present invention provides a composition as described above

which is free, e.g. substantially free, from an organic hydrophilic component and/or a

lipophilic component. In one group of compositions of the present invention there is no

glyceryl fatty acid present.

The drug, e.g. cyclosporin, may be present in an amount by weight of "up to about 50% by

weight of the composition. The drug is preferably present in an amount of e.g. 1 to 50%. e.g.

15 to 40%‘ by weight of the composition, for example about 20% by weight of the

composition comprising the drug. e.g. cyclosporin, the polymer and/or the surfactant. Yet.

the tablets or capsules are of a volume that allows convenient administration. e.g. easy

swallowing.

in one aspect, upon dilution with an aqueous medium the compositions of the present

invention may form, e.g. to an substantial amount, e.g. to the extent of 60% or more. e.g.

85% or more, e.g. more than 90. 95 or 99%. fine particles of, e.g. substantially amorphous.
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poorly water-soluble. drug, e.g. cyclosporin. By ‘substantially amorphous " is meant more

than 90%. e.g. more than 95%. preferably about or more than 99% in amorphous form.

Preferably, upon dilution with an aqueous medium, for example water, for example on

dilution of 1:1 to 1:300, e.g. 1:5 to 1:100, e.g. 1:10 to 1:100, or in the gastric juices after oral

application. the compositions of the present invention, comprising (1) a poorly water soluble

dmg, e.g. a cyclosporin, (2) a polymer and/or (3) a surfactant, spontaneously substantially

form fine particles, e.g. solid particles of substantially amorphous poorly water-soluble drug,

e.g. cyclosporin, e.g. of a range of from 50 nm to 20 000 nm, e.g. from 50 nm to 10 000 nm.

e.g. from 50 nm to 2000 nm. e.g. as measured by conventional methods. e.g. light diffraction

techniques, e.g. based on a Mastersizer. Conveniently, there is a narrow size distribution.

in another aspect, upon dilution with an aqueous medium the compositions of the present

Invention comprising (1) a poorly water soluble drug, e.g. cyclosporin, (3) a surfactant which

is solid at room temperature, may form a system which is a mixture of substantially

solubilized dmg, e.g. about 10 to 100%, preferably about 10 to 80%, e.g. 30 to 40%. more

preferably 40 to 70% of the total drug and particulate drug, e.g. about 0 to 90%. preferably

about 20 to 90%, e.g. 60 to 70%. more preferably 30 to 60% of the total dmg. The

constitutional ratio of drug : surfactant may be preferably 1 : 0.1, or 1 : 0.25, or 1 : 0.5, or 1 :

1, or 1 : 2, or1 :4, or 1 : 9. Preferably, the drug is cyclosporin, e.g. cyclosporin A.

In yet a further aspect the present invention provides compositions which upon dilution with

an aqueous medium form a system wherein the poorly water-soluble drug, e.g. cyclosporin,

ezg. cyclosporin A, substantially is solubilized. e.g. is solubilized to an extent of about 90% of

total drug or more, e.g. more than about 95%. It has been found that surprisingly low drug

(e.g. cyclosporin) : nonionic surfactant ratios of e.g. about 1 : 5.3 to 6.6, may be used to

completely solubilize the drug, e.g. cyclosporin, when one of the nonionic surfactants as

specified above. e.g. Choleth 24 (and) Ceteth 24. e.g. Solulan® C24 or Forlan® C-24; or

polyethoxylated (30) phytosterol, e.g. Nikkol® BPS-30; or polyethoxylated (25) phytostanol.

e.g. Nikkol® BPSH-25; or polyethoxylated (20) stearyl ether, e.g. Brij® 78P; or

polyethoyadated (20) cetyl ether, e.g. Nikkol® BC-20 TX. is used. Particularly suitable are

polyethoxylated (30) phytosterol, e.g. Nikkol® BPS-30; or polyethoxylated (25) phytostanol,

e.g. Nikkol® BPSH-25; or polyethoxylated (20) stearyl ether, e.g. Brij® 78P.
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The amount of poorly water-soluble drug. e.g. cyclosporin. which can be solubilized may be

analyzed by centrifugation followed by HPLC for the distribution of drug, e.g. cyclosporin, -

between the solubilized and particulate phase.

The state of the particles may be analyzed by X~ray and the particle size distribution may be

analyzed e.g. by laser light scattering or electron microscopy.

The compositions of this invention may produce on contact with water stable e.g. particulate

systems, e.g. for up to one day or longer, e.g. one day. Preferably the systems remain stable

for more than 5 hours.

In one aspect the present invention provides a composition, comprising (1) a poorly water-

soluble drug, e.g. cyclosporin. (2) a polymer and/or (3) a surfactant, which is in form of a

solid dispersion.

In a further alternative aspect the present invention provides a composition according to the

present invention comprising (2) a polymer wherein the poorly water-soluble drug, e.g.

cyclosporin. is encapsulated in a polymeric matrix, e.g. in form of microparticles.

The compositions of the invention may be prepared by working up active agent with the

excipients. The following processes A to H are contemplated.

A. In one aspect the compositions of the present invention in form of a solid dispersion

comprising (1) a poorly .water-soluble drug, e.g. cyclosporin. (2) a polymer andlor (3) a

surfactant may be obtained by

(i) dissolving, suspending or dispersing the drug. e.g. cyclosporin. and polymer. if present,

in a solvent or solvent mixture.

(ii) adding the surfactant. if present, to the druglsolvent or dmg/polymer/solvent mixture.

(iii) evaporating the solvent and co-precipitating the dmg, e.g. cyclosporin. with the polymer

andlor the surfactant,

(iv) drying the resulting residue, e.g. under reduced pressure, milling and sieving the

particles.
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The solvent of (i) may be a single solvent or a mixture of solvents. Suitable solvents for use -.

according to the present invention may be organic solvents such as an alcohol, e.g.~

methanol. ethanol, or lsopropanol; an ester, e.g. ethylacetate; an ether. e.g. diethylether; a

ketone, e.g. acetone; or a halogenated hydrocarbon. e.g. dichloromethane. Preferably a

solvent mixture of ethanol/acetone having a weight ratio of ethanol : acetone of between

about 1:10 to about 10:1, e.g. 1:5 to 5:1 may be used.

B. In another aspect the compositions of the present invention in form of a solid dispersion

comprising (1) a poorly water-soluble drug. e.g. cyclosporin, (2) a polymer and/or (3) a

surfactant may be obtained by

(i) dissolving, suspending or dispersing the drug. e.g. cyclosporin, and surfactant, if

present. in a solvent or solvent mixture and optionally adding small amounts of water, if

necessary,

(ii) adding the polymer, if present, to the dmglsolvent or drug/surfactant/solvent mixture,

(iii) evaporating the solvent and co-precipitating the drug. e.g. cyclosporin, with the

surfactant and/or the polymer.

(iv) drying the resulting residue, e.g. under reduced pressure, milling and sieving the

particles.

The solvent of_(l) may be a single solvent or a mixture of solvents. Suitable solvents for use

according to the present invention may be organic solvents such as an alcohol, e.g.

methanol, ethanol, or lsopropanol; an ester. e.g. ethylacetate; an ether, e.g. diethylether; a

ketone, e.g. acetone; or a halogenated hydrocarbon, e.g. dichloromethane. Preferably a

solvent mixture of ethanol/acetone having a weight ratio of ethanol : acetone of between

about 1:10 to about 10:1, e.g. 1:5 to 5:1 may be used.

C. Alternatively, the solid dispersions of the invention, comprising (1) a poorly water-

soluble drug, e.g. cyclosporin, (2) a polymer and/or (3) a surfactant, may be prepared by

spray—drying techniques. A solution or dispersion as formed above is dispersed through a

nozzle at an inlet temperature of about 50 to about 130°C into a chamber. The solvent is

evaporated through the nozzle, and finely dispersed particles are collected.

D. In a further alternative embodiment of the present invention the solid dispersion.

comprising (1) a poorly water-soluble drug, e.g. cyclosporin, (2) a polymer and/or (3) a
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surfactant, may be prepared by spray-drying the solution or dispersion as formed above onto.
(4) a carrier in the fluid bed.

The particles typically have a mean particle size of less than about 2 mm, e.g. 1 mm. e.g. 0.5

mm, as measured e.g. by light microscopy.

E. The compositions of the present invention wherein the poorly water-soluble dmg, e.g.

cyclosporin, is encapsulated in a polymeric matrix, e.g. in form of "microparticles. may be

prepared e.g. according to a process comprising the following steps:

(i) preparation of an internal organic phase comprising

(ia) dissolving the polymer in an organic solvent orsolvent mixture. The solvent may be a

single solvent or a mixture of solvents. Suitable solvents for use according to the

present invention may be organic solvents such as a ketone, e.g. acetone; or a

halogenated hydrocarbon, e.g. methylene chloride. Preferably a solvent mixture of

methylene chloridelacetone having a weight ratio of methylene chloride : acetone of

between about 1:10 to about 10:1. e.g. 1:5 to 5:1, preferably 1:1, may be used, .

(ib) adding the poorly water-soluble drug, e.g. cyclosporin, to the polymer solution, and

optionally

(ic) adding a surfactant to the solution obtained by step (ib).

(ii) preparation of an external aqueous phase comprising

(iia) preparing a buffer, e.g. acetate buffer,

(iib) dissolving gelatin or polyvinylalcohol (PVA) in water. and

(lic) mixing the solution obtained by step (iib) with the solution obtained by step (iia) to obtain

e.g. a 0.5% gelatin solution in the buffer.

(iii) mixing the internal organic phase. e.g. brought at 20 mllmin with a gear pump, with the

external aqueous phase. e.g. brought at 400 mi/min with a gear pump, e.g. in a ratio of

internal phase to external phase of about 1 : 10 to about 1 :40.‘ preferably about 1 : 20.

with a device creating high shear forces. e.g. with a static mixer. to form e.g. an oillwater

emulsion, and
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(iv) hardening the microparticles by solvent evaporation, washing for excipients removal and

collecting the microparticles-

The microparticles typically have a mean particle size of less than about 350 microns, e.g.

about 1 to about 180 microns, as measured e.g. by scanning electron microscopy.

In order to e.g. increase flcwability of the final microparticle powder, the obtained

microparticles may be further worked up by adding an aqueous solution of a canier, e.g.

lactose, and lyophilization or spray drying of the resulting suspension to obtain a, e.g.

flowable, powder. I

F. In one embodiment the compositions of the invention, in form of solid dispersions,

comprising a surfactant are obtained by

(i) preparation of an organic preconcentrate comprising dissolving the surfactant in an

organic solvent or a mixture of solvents, e.g. ethanol, adding the poorly water-soluble

dmg, e.g. cyclosporin, and stirring until dissolved,

(ii) diluting or delivering the organic preconcentrate obtained in step (i) to a mixer, e.g. a

magnetic stirrer or a static mixer, together with an aqueous solution, optionally

comprising a carrier, e.g. lactose, and

(iii) spray-drying the mixture or, if no rrier is present in step (ii), spray-drying the diluted

preconcentrate obtained in step (fl) onto a carrier, e.g. lactose, e.g. in the fluid bed.

G. In yet a further embodiment of the present invention the compositions of the invention, in

form of solid dispersions, comprising a surfactant (3) are prepared by

(i) dissolving the surfactant, e.g. ionic surfactant, the cycloysporin and optionally a carrier

e.g. lactose in water, and

(ii) spray-drying the aqueous solution

H. In yet a further aitemative embodiment of the present invention the compositions of the

invention, in fonn of solid dispersions, comprising a surfactant (3) are prepared by

(I) dissolving the poorly water-soluble drug, e.g. cyclosporin, in an organic solvent, e.g.

» propylene glycol, to obtain e.g. a 40% solution of poorly water-soluble dmg, e.g.

cyclosporin, in propylene glycol,

(ii) mixing the solution obtained in step (i) with a molten surfactant,
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(iii)=optionally mixing or granulating the mixture obtained in step (ii) with a carrier, e.g.

- lactose; or microcrystalline cellulose. or colloidal silicon dioxide; or anhydrous calcium

phosphate, and

(iv) cooling the mixture obtained in step (ii) or (iii) to obtain a solid composition.

The solid dispersions obtained by processes F to H preferably do not contain any

polymer (2)..

Other excipients may be added at any stage, preferably however after the powder is formed.

The resulting mixtures of any of the processes F to H described above may be dried, milled

and sieved to obtain a line, e.g. flowable, powder.

The compositions of the invention in powder form, e.g. particles, e.g. solid dispersion

particles or microparticles. may be compressed to tablets.

The particles, e.g. solid dispersion particles or microparticles. may be combined with one or.

more flow enhancers, e.g. colloidal silicon dioxide, and/or one or more solid surfactants as

specified above, e.g. sodium lauryl sulfate, e.g. in a total amount of enhancers and/or

surfactants of up to about 70% by weight, e.g. 20 to 60% by weight, in particular 40 to 50% _

by weight based on the total weight of the composition.

If present in the compositions, the tiller or a mixture of fillers, the disintegrants or a mixture of

disintegrants, the ~'lubricants or a mixture of lubricants, the flow enhancers or a mixture of

flow enhancers, the additional surfactant or surfactants may be added to the drug!

polymer/solvent mixture, the drug/surfactant/solvent mixture, the dmg/polymerlsurfac-

tant/solvent mixture or, preferably. to the outer tabletting phase.

in one aspect of the invention the outer tabletting phase may comprise one or more solid

surfactants as specified above, e.g. sodium lauryl sulfate, instead or in addition to adding a

surfactant to the drug/polymer/solvent mixture in the preparation process of the solid

dispersion particles or microparticles. comprising (1) a poorly water-soluble dmg, e.g.

cyclosporin, (2) a polymer and optionally (3) a surfactant, as hereinabove described.
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The outer tabletting phase may comprise e.g. spray-dried lactose/microcrystalline cellulose

mixtures, dicalcium phosphate anhydrous or a mixture of a-lactose monohydrate and

microcrystalline cellulose, e.g. Microcelac® 100. e.g. to achieve tablet compositions with a

suitable average hardness and a short disintegration time.

Microce|ac® 100 is a spray-dried compound consisting of 75% a-lactose monohydrate and

25% microcrystalline cellulose produced by Meggle.

Accordingly, in one embodiment, the present invention provides tablet compositions with an

average hardness of e.g. from 60 N to 200 N, preferably 80 N to 110 N, andlor a

disintegration time of e.g. below about 10 min. preferably below 1 min, wherein the outer

tabletting phase _comprises e.g. lactoselmicrocrystalline cellulose mixtures. dicalcium

phosphate anhydrous or a.-lactose monohydratelmicrocrystalline cellulose mixtures.

Preferably, the compositions comprise a-lactose monohydratelmicrocrystalline cellulose

mixtures. e.g. Microcelao® 100, in an amount of e.g. about 10 to 80%, e.g. about 10 to 60%

by weight based on the total weight of the composition or dicalcium phosphate anhydrous in

an amount of e.g. about 10 to 80%‘, e.g. about 10 to 60% by weight based on the total

weight of the composition. '

Preferably, compositions comprising HPMCP comprise a-lactose monohydratelmicr-

crystalline cellulose mixtures, e.g. Microcelac®. Preferably, compositons comprising PVP

comprise dicalcium phosphate anhydrous.

Applicants have found that surprisingly high drug loadings may be obtained in accordance

with the present invention, e.g. dmg loadings up to 70%. e.g. from about 20 to about 60%, in

particular about 30 to 50% by weight based on the total weight of the particles. e.g. solid

dispersion particles or microparticles, or e.g. drug loadings of up to 40%, e.g. about 20% by

weight based on total weight of the final composition.

The compositions, e.g. those in the examples hereinafter, show good stability characteristics

as indicated by standard stability trials. e.g. no pooriy water-soluble drug, e.g. cyclosporln.

crystallization (as determined by differential scanning calorimetry) or degradation, having

e.g. a shelf life stability of up to one. two or three years, and even longer. The compositions
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of this invention may produce stable particulate systems upon dilution with aqueous. media,

- e.g. for up to one day or longer, e.g. one day.

The pharmaceutical compositions of the invention exhibit especially advantageous properties

when administered orally; for example in terms of consistency and high level of bioavailability

obtained in standard bioavailability trials. These trials are performed in animals e.g. rats or

dogs or healthy volunteers using HPLC or a specific or nonspecific monoclonal kit to

detennlne the level of the drug substance, e.g. cyclosporin in the blood. For example. the

compositions of Examples 1 to 15 administered p.o. to dogs may give surprisingly high Cm

and AUC(O-24h) values as detected by a radioimmunoassay (RIA) method using a specific

monoclonal antibody and ‘within e.g. 60 to 120%. preferably 90 to 120%. of that of Neoral®.

In one aspect the present invention provides a method of orally administering a

phamwaceutil composition, said method comprising orally administering to a patient in

need of poorly water-soluble drug. e.g. cyclosporin, therapy a composition according to the

present invention. '

Pharrnacokinetic parameters, for example absorption and blood levels, also become

surprisingly more predictable and problems in administration with erratic absorption may be

eliminated or reduced. Additionally the pharmaceutical compositions are effective with

biosurfactants or tenside materials, for example bile salts. being present in the

gastro-intestinal tract. That is. the pharmaceutical compositions of the present invention are

fully dispersible in aqueous systems comprising such natural tensides and thus capable of

providing particulate systems in situ which are stable. The function of the phamtaceutical

compositions upon oral administration remain substantially independent of andlor

unimpaired by the ‘relative presence or absence of bile salts at any particular time or for any

given individual.

The pharrnaceutil compositions of the invention release the poorly water-soluble drug. e.g.

cyclosporin, to the extent of e.g. about above 80% over a 60 minute period, e.g. about 75%

in a 15 minute period, as measured by standard in vitro dissolution studies, e.g. at pH 6.8 or

1 using the paddle method.
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. The compositions of this invention show reduced variability in inter- and intra-patient dose

response.

In one aspect the present invention provides a method of reducing the variability of

bioavailability levels of a poorly water-soluble drug, e.g. cyclosporin, for patients during

poorly water-soluble drug, e.g. cyclosporin, therapy. said method comprising orally

administering an oral pharmaceutical composition according to the present invention.

The utility of all the pharmaceutical compositions of the present invention may be observed

in standard clinical tests in, for example, known indications of drug dosages giving

equivalent blood levels of drug: for example using dosages in the ‘range of 2.5 mg to 1000

mg of drug per day for a 75 kilogram mammal. e.g. adult and in standard animal models.

The increased bioavailability of the drug provided by the compositions may be observed in

standard animal tests and in clinical trials, e.g. as described above.

The optimal dosage of drug to be administered to a particular patient may be considered

carefully as individual response to and metabolism of the dmg, e.g. cyclosporin, may vary,

e.g. by monitoring the blood serum levels of the drug by radioimmunoassay (RIA), enzyme

linked immunosorbent assay (ELISA), or other appropriate conventional means. Poorly

water-soluble drug, e.g. cyclosporin, dosages may be 25 to 1000 mg per day (preferably 50

mg to 500 mg).

The pharrnaoeutical composition, e.g. in form of a tablet or a powder suitable for tablet

formation. will suitably contain between 10 and 100 mg of the drug, for example 10, 15, 20,

25. 50, or 100 mg. Such unit dosage fomis are suitable for administration 1 to 5 times daily

depending upon the particular purpose of therapy. the phase of therapy and the like.

The pharmaceutical compositions of the invention are useful for the same indications as the

poorly water soluble drugs. The phannaceutical compositions comprising a cyclosporin are

particularly useful for:

a) treatment and/or prevention of organ, cell or tissue transplant rejection, for example for

the treatment of the recipients of heart, lung, combined heart-lung, liver, kidney. pancreatic,

skin or corneal transplants. The phamiaceutical compositions are also indicated for the
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prevention of graft-versus-host disease, such as sometimes occurs following bone marrow

transplantation;

b) treatment and/or prevention of autoimmune disease and of inflammatory conditions, in

particular inflammatory conditions with an aetiology including an autoimmune component

such as arthritis (for example rheumatoid arthritis, arthritis chronic progrediente and arthritis

deformans) and rheumatic diseases; and

c) treatment and/or prevention of psoriasis.

Pharmaceutical compositions of the invention, e.g. comprising cyclosporin, may be used

alone or together with other immunosuppressants, immunomodulatory or anti-inflammatory

drugs. For example, they may be used in combination with everolimus, sirolimus, tacrolimus,

pimecrolimus, mycophenolic acid, mycophenolate sodium, mycophenolate mofetil, an

accelerating lymphocyte homing agent, e.g. FTY720, corticosteroids, or the like.

Therefore in a further aspect the present invention provides

i. a phannaceutical composition, e.g. comprising cyclosporin, as defined above for use in

the treatment and/or prevention of organ, cell or tissue transplant rejection, prevention of

graft-versus-host disease, treatment and/or prevention of autoimmune disease and of

inflammatory conditions, and treatment and/or prevention of psoriasis;

ii, a method of treating and/or preventing organ, cell or tissue transplant rejection,

preventing graft-versus-host disease, treating and/or preventing autoimmune disease

and inflammatory conditions, and treating and/or preventing psoriasis, comprising

administering a composition of the present invention, e.g. comprising cyclosporin, to a

patient in the need thereof;

iii. the use of a composition of the present invention, e.g. comprising cyclosporin, in the

preparation of a medicament for the treatment and/or prevention of organ, cell or tissue

transplant rejection, prevention of graft-versus-host disease, treatment and/or

prevention of autoimmune disease and of inflammatory conditions. and treatment and/or

prevention of psoriasis; or

iv. a method as defined above comprising oo-administering a composition of the present

invention, e.g. comprising cyclosporin, and a second drug substance, said second drug

substance being e.g. an immunosuppressant, an immunomodulatory or an anti-inflam-

matory drug.
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Following is a description by way of example only of compositions of this invention.

Unless otherwise indicated, components are shown in % by weight based on each

composition. The examples illustrate compositions useful for example in the prevention of

transplant rejection or for the treatment of autoimmune disease, on administration of from

1 to 5 unit dosages/day at a dose of 2 to 5 mglkg per day. The examples are described

with particular reference to Cyclosporin A but equivalent compositions may be obtained

employing any cyclosporin or other poorly water-soluble drug.

Example 1 to 7:

Preparation of solid dispersion compositions

Compositions of examples 1 to 7 in amount as indicated in Table 1 are made up by

dissolving Cyclosporin A in an ethanol/acetone mixture. adding the polymer, surfactant. if

present, and carrier medium, if present, of Table 1, mixing until homogenously dispersed,

evaporation of the solvents,‘ and drying, milling and sieving the resulting residue.

Table 1

COMPONENT Ex 1 Ex 2 Ex 3 Ex 4 Ex 5 Ex 6 Ex 7

Cyclosporin A 21% 30% 30% 40% 20% 25% 30%

PVP K30 - 67% - - - 72% -

HPMCP HP50 + - 67% 55% 75% - 63%

Eudragit® L100-55 50% - - - - - -

Solulan® - 3% - - 3% —

' Myrj® 59 - - 3% 5% 5% ~ -

Brij® 78P - - - - - - 7%

Lactose 25% - - - — - -

Crospovidone 4% - - - - - - 

Example 8 and 9:

Preparation of microparticule-compositions

compositions of example 8 and 9 in amounts as indicated in Table 2 are made up by

dissolving HPMCP HP50 in methylene chloride/acetone. adding Cyclosporin A and Brij® 78P

or Myrj®59. respectively; delivering the polymer system to a mixer together with a buffered
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gelatin solution; evaporation of the solvent, washing for excipients removal and collecting the

 

 

microparticles.

Table 2 _

COMPONENT Ex 8 Ex 9

Cyclosporin A 30% 40%

HPMCP HP50 63% 55%

A Brij® 78P 7% -

Myrj® 59 - 5% 

Other examples may be made by replacing Eudragit® L100-55 or HPMCP HP50 by any

of the polymers specified above or by replacing Brij® 78P by any of the surfactants

specified above.

10 Example 10:

Compositions of example 10 in amounts as indicated in Table 3 are made up by

dissolving the surfactant and the cyclosporin and suspending the carrier in ethanol.

stirring to obtain a homogenous suspension, and evaporation of the solvent under

reduced pressure.

15

The resulting powder is milled and sieved. After dilution with water at a ratio of 1+10O at

37°C the distribution of cyclosporin A between solubilized and particulate phase is analyzed

by centrifugation followed by HPLC. The results show a mixture of solubilized (35%) and

.particulate (65%) cyclosporin A. Particle sizes of up to about 12.5 microns are measured by

20 a light microscope.

Table 3:

quantity given in wt-%

 

 

Brij® 78P 50% - -

Sodium stearyl lactylate P55 - 30% -

Sodium caprinate - — 37%

Lactose 25% 40% 38% 
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Example 11:

Compositions of example 11 in amounts as indicated in Table 3 are made up by dissolving

the surfactant in ethanol, adding the cyclosporin, stirring to obtain a solution, delivering the

organic preooncentrate to a mixer together with an aqueous solution of lactose, and spray-

drying the mixture to obtain a fine powder.

The resulting powder is diluted with water at a ratio of 1+10O at 37°C and the distribution of

Cyclosporin A between solubilized and particulate phase is analyzed by centrifugation

followed by HPLC. The results show a mixture of solubilized (29%) and particulate 71%

cyclosporin A. Particle sizes of up to about 2.5 microns are measured by a light microscope.

Example 12:

Compositions example 12 in amounts as indicated in Table 3 are made up by dissolving the

surfactant, the cyclosporin, and the carrier in water, and spray-drying the aqueous solution to

obtain a fine powder.

The resulting» powder is diluted with water at a weight ratio of 1+7 at 37°C and the

distribution of Cyclosporin A between solubilized and particulate phase is analyzed by

centrifugation followed by HPLC. The results show a mixture of solubilized‘ (72%) and

particulate (28%) cyclosporin A.

Other examples may be made by replacing Brij® 78P, or sodium stearoyl lactylate P55, or

sodium caprinate by any of the surfactants specified above.

Other examples may be made by replacing lactose by any of the rriers specified above.

Example 13 and 14:

Preparation of tablets based on solid dispersion particles

Compositions of examples 13 and 14 in amount as indicated in Table 4 are made up by

dissolving Cyclosporin A in an ethanollaoetone mixture, adding the polymer, surfactant, if

present, and carrier medium. if present, of Table 4, mixing until homogenously dispersed,

evaporation of the solvents, and drying, milling and sieving the resulting residue. The
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resulting particles are mixed with the additional excipients and directly compressed to flat

tablets.

The tablets have a hardness (compression force), a disintegration time and dissolution rates

as indicated in Table 5.

 

 

 

 

 

Table 4

COMPONENT Ex 13 Ex 14 Ex. 15

Cyclosporin A 16.7% 14.3% 20%

PVP K30 - 41.2% —

HPMCP HP50 22.9% - 27.5%

Solu|an® - 1.7% -

Myrj® 59 2.1% - 2.5%

Crospovidone 20% 30% 20%

Microcelac 100 37.5% - 29.2%

dicalcium phosphate anhydrous - 12% -

magnesium stearate 0.5% 0.5% 0.5%

Aerosil 200 0.3% 0.3% 0.3% -

Table 5

Ex 13 Ex 14 Ex. 15

average hardness in N 91 94 95

disintegration time in minutes < 1 < 8 < 1

tablet diameter in mm 10 11 9

tablet weight in mg 300 350 250

dissolution rate after 15 min 80% 90% 89%

dissolution rate after 60 min 92% 94% 90%

Example 15

Preparation of tablets based on microparticules

Compositions of example 15 in amounts as indited in Table 4 are made up by dissolving

HPMCP HP50 in methylene chloride/acetone, adding Cyclosporin A and Myrj®59; delivering

the polymer system to a mixer together with a buffered gelatin solution; evaporation of the

Patent Owner, UCB Pharma GmbH — Exhibit 2007 - 1324



Patent Owner, UCB Pharma GmbH – Exhibit 2007 - 1325

W0 02/089773 PCT/EP02/051 10

-28-

solvent, washing for excipients removal and collecting the microparticles. The resulting

particles are mixed with the additional excipients and directly compressed to flat tablets.

The tablets have a hardness (compression force), a disintegration time anddissolution rates

as indicated in Table 5.

Example 16

Single oral doses of 50 mg cyclosporin A per animal of composition of example 1,8, 10, 11

and 12 filled in a hard gelatin capsule size 1, corresponding to about 5 mg/kg were given to

fasted dogs (n = 8) using a two-block latin square design with a one-week interval between

10 administrations. The nominal doses of cyclosporin A in mg/kg body weight are listed in Table

6.

Blood (about 1 ml each) was collected .from the cephalic or jugular vein at 0 min (= pre-

dose), and 10 min, 30 min, 45 min, 1 hour, 1.5 hours, 2 hours, 3 hours, 4 hours, 6 hours, 8

hours, 12 hours, and 24 hours post dose. The EDTA blood samples were stored frozen

15 below -18°C until bioanalysis.

Cyclosporin A blood concentrations were determined by a radioimmunoassay (RIA) method.

The phannacokinetic parameters Cm (highest observed concentration in blood); tm (time

to reach Cmax); and AUC(0-24h)‘(.area under the plasma concentration-time curve from 0 to

20 24 h, calculated by the linear trapezoidal rule, wherein concentrations below the limit of

quantitation (LOQ) were taken as 'zero'), are listed in Table 6.

Table 6:

Composition of

Ex1 Ex. 8 Ex. 10 Ex. 11 Ex. 12 Ex. 6 Ex. 13

Actual dose

CyA [mg/kg] 4.89 4.93 4.05 4.14 4.07 3.45 4.67
AUC(0-24h)
[(ng,m')_h] 1893 1973 935 894 576 2646 3436

Cm, [ng/ml] 394 441 223 195 136 428 635

tmax [h] 1.69 1.28 1.57 1.86 2.57 1.13 1.53

25 Example 17

Single oral doses of 50 mg cyclosporin A per animal of composition of example 6 in form of

a suspension in water, corresponding to about 2.5 - 4 mg/kgwere given to fasted dogs (n =
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10) using a two-block Iatin square design with a one-week interval between administrations.

The nominal doses of cyclosporin A in mg/kg body weight are listed in Table 6.

Blood (about 1 ml each) was collected from the jugular vein at 0 min (= pre-dose), and 10

min, 30 min, 45 min, 1 hour, 1.5 hours, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 12

hours, and 24 hours post dose. The EDTA blood samples were stored frozen below -18°C

until bioanalysis.

Cyclosporin A blood concentrations were determined by a radioimmunoassay (RIA) method,
\

The pharrnacokinetic parameters Cm. (highest observed concentration in blood); tma, (time

to reach C,.,_.,,.); and AUC(0-24h). (area under the plasma concentration—time curve ‘from 0 to

24 h. calculated by the linear trapezoidal mle, wherein concentrations below the limit of

quantitation (LOQ) were taken as 'zero'), are listed in Table 6.

Example 18

Single oral doses of 50 mg cyclosporin A per animal of tablet compositions of example 13

corresponding to about 5 mg/kg were given to fasted dogs (n = 7) using a two-block latin

square design with a one-week interval betweenadministrations. The nominal doses of

cyclosporin A in mg/kg body weight are listed in Table 6.

Blood (about 3 ml each) was collected from the cephalic vein at 0 min (= pre—dose). and 10

min, 30 min, 45 min, 1 hour. 1.5 hours, 2 hours, 3 hours, 4 hours, 6 hours. 8-hours, 12

hours, and 24 hours post dose. The EDTA blood samples were stored frozen below —18°C

until bioanalysis.

Cyclosporin A blood concentrations were determined by a radioimmunoassay (RIA) method.

The pharmacokinetic parameters Cm. (highest observed concentration in blood); tm, (time

to reach C,,‘,,,.); and AUC(0-24h) (area under the plasma concentration-time curve from 0 to

24 h, lculated by the linear trapezoidal rule, wherein concentrations below the limit of

quantitation (LOQ) were taken as 'zero'), are listed in Table 6.
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Claims

1.

10.

11.

12.

13.

A solid pharmaceutical composition comprising

(1) a poorly water soluble drug.

(2) a polymer which is solid at room temperature. and

(3) a surfactant which is solid at room temperature and,which has a HLB value of

between 8 and 17.

A composition according to claim 1 wherein the ratio of surfactant : drug is 1 : 1 to 40.

A composition according to claim 1 or 2 wherein the surfactant is selected from poly-

oxyethylene alkyl ethers. polyethoxylated fatty acid esters or polyethylene glycol (PEG)

sterol ethers.

A composition according to any preceding claim wherein the polymer is selected from

polyvinyl pymolidone; cellulose derivatives such as hydroxypropylmethylcellulose or

such as hydroxypropylmethylcellulose phthalate, hydroxypropylmethylcellulose acetate

succinate and cellulose acetate phthalate; and poly(meth)acrylates.

A solid phamraceutical composition comprising

(1) a poorly water soluble drug,

(2) a polymer which is solid at room temperature, and

(3)' an anionic surfactant which is solid at room temperature.

A composition according to claim 5 wherein the anionic surfactant is sodium caprinate

or sodium stearoyl lactate.

A composition according to claim 5 or 6 which is enteric coated.

A composition according to any preceding claim wherein the composition is in form of

a solid dispersion.

A composition according to claim 1 to 7 wherein the drug is encapsulated in a

polymeric matrix.

A compositionaccording to any preceding claim wherein the poorly water soluble drug

is cyclosporin A 1
A composition according to any preceding claim wherein the composition is

substantially free of a hydrophilic component.

A composition according to any preceding claim wherein the composition is

substantially free of a Iipophilic component.

A composition according to any preceding claim which upon dilution with an aqueous

medium fonns a system wherein the poorly water-soluble drug substantially is in the

form of fine particles.
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14. A composition according to any one of claims 1 to 12 which upon dilution with an

aqueous medium forms a system which is a mixture of solubilized drug and particulate

drug.

15. A composition according to any one of claims 1 to 12 which upon dilution with an

5 aqueous medium fonns a system wherein the poorly water-soluble drug substantially is

solubilized.

16. Use of a composition as claimed in any one of claims 1 to 15 in the manufacture of a ‘

mediment for the treatment of autoimmune diseases or for the use as an

immunosuppressant.

10 17. A process for the production of a composition according to claim 8 which process

comprises

(i) dissolving, suspending or dispersing the drug and polymer, if present, in a solvent

or solvent mixture, .

(ii) adding the surfactant, if present, to the drug/solvent or druglpolymer/solvent

15 _ mixture.

(iii) evaporating the solvent and co-precipitating the drug with the polymer andlor the

surfactant,

(iv) drying the resulting residue. milling and sieving the particles.

18.A process for the production of a composition according to claim 9 which process

20 comprises.

(i) preparation of an internal organic phase comprising the drug. the polymer, optionally

the surfactant, and an organic solvent,

(ii) preparation of an external aqueous phase comprisinga buffered gelatin solution,

(iii) mbdng the internal organic phase with the external aqeous phase,

25 (iv) hardening the micropartlcles by solvent evaporation.

19. Asolid phannaceutical composition comprising

(1) Cyclosporin A, and

(2) a polymer which is solid at room temperature.

20. A solid pharmaceutical composition comprising

30 (1) a cyclosporin and

(3) a surfactant which is solid at room temperature.
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I, , hereby declare as follows:

1. I submit this declaration in opposition to Defendants’ Motion for Summary Judgment

of Invalidity Under 35 U.S.C. §§ 102 and 112. Goss lntemational Americas, Inc. has retained
me as an expert witness in connection with this litigation. A true and correct copy of my

Rebuttal Expert Report dated _____, is attached as Exhibit 1.

2.Iam...

3. I have reviewed...

4. The specifications of U.S. Patent Nos. 6,374,734 B1 and 6,386,100 B1, (“the ‘734
Patent” and “the ‘ 100 Patent,” respectively), describe a printing blanket having a “cylindrical
outer surface which is continuous and free of gaps to promote smooth rolling engagement with

the cylindrical outer surface of the printing plate 41 on the plate cylinder 22. The absence of
gaps in the smooth cylindrical outer surface 40 of the printing blanket 18 eliminates bumps or
vibrations as compared to having a gap which rolls into and out of engagement with the surface
of the printing plate 41 on the plated cylinder 22.” (HWS 078090, lines 54-62 and HWS 078106,
lines 34-43, respectively). In my technical opinion, a person of ordinary skill in the art in 1997,
reading the ‘734 Patent and the ‘ 100 Patent (filed November, 11, 1997, and March 11, 1997,
respectively), would understand the specification to describe a tubular blanket which eliminates
bumps and vibrations associated with prior printing blanket designs by remaining in constant
contact with the printing plate during use.

5. Additionally, the ‘734 and ‘100 Patents both describe as an advantage of the invention
A that the gapless printing blanket “provides smooth and vibration free rolling engagement
between the printing blanket and the printing plate and between the printing blanket and an
impression cylinder.” (HWS 078089, linesl6-19 and HWS 078105, lines 6-9, respectively). A
person of ordinary skill in the art reading this specification would understand it to describe a
tubular printing blanket which eliminates vibrations by remaining in constant contact with the
printing plate and an impression cylinder.

6. A person ofordinary skill in the art would understand that a tubular printing blanket
could remain in constant Contact with the printing plate if the tubular printing blanket was

gapless. In my understanding, this is one practical example of the structure ofthe tubular
printing blanket disclosed in the ‘734 and ‘100 Patents. However, it is my opinion that a person
of ordinary skill in the art would recognize that the advantages associated with this invention
could similarly be attained by alternate structures.

7. A person of ordinary skill in the art would also understand that this tubular printing _
blanket could also include gaps, seams, or adhesives and still remain in constant contact with the .

printing plate. This alternative embodiment would likewise create a smooth cylinder surface,
which would eliminate bumps or vibrations.

8. Additionally, U.S. Patent No. 6,739,251 B2 (filed February 8, 2002) has an identical
specification to the ‘734 and ‘100 Patents. It is also my opinion that a person of ordinary skill in
the art reading the U.S. Patent No. 6,739,251 B2 (“the ‘25l Patent”) on its filing date in 2002
would likewise understand the specification to describe a tubular blanket which remains in
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constant contact with the printing plate, thereby eliminating bumps and vibrations associated

with prior printing blanket designs.

9. In addition to the knowledge that a person skilled in the art would have individually

possessed in 1997, one skilled in the art in 1997 would also have knowledge ofU.S. Patent
Application No. 07/417,587 (“the ‘587 Application”), filed on October 4, 1989. The ‘587
Application was published in both Canada and Europe before the filing ofU.S. Application No.
07/699,668 (“the ‘668 Application”) on May 14, 1991. Accordingly, a person of ordinary skill
in the art, reading the ‘668 Application and all later-filed related applications (including the ‘734,

‘100, and ‘251 Patents), would have knowledge of the ‘587 Application and the invention
described therein.

10. The ‘587 Application explicitly disclosed two different methods for making the
tubular blanket. The first method included vulcanizing strips of the outer rubber layer to form a

solid body which enclosed the metal sleeve. Alternatively, the ‘587 Application disclosed that
the blanket “could be made in a flat planar piece ofmaterial which is then wrapped around

sleeve 80 and adhered thereto. The opposite ends of the piece ofmaterial would abut each

other.” (HWS 000179). As the ‘S87 Application also disclosed, the smooth cylindrical outer
surface of the blanket “eliminates bumps or vibrations as compared to having a gap which rolls

in and out of engagement” with the surface of the printing plate. (HWS 000167). It is my

technical opinion that a person of ordinary skill in the art in 1989, reading the ‘587 Application,
would understand the ‘587 Application’s specification to describe a tubular blanket which

remains in constant contact with the printing plate, thereby eliminating bumps and vibrations

associated with prior printing blanket designs. Accordingly, a person of ordinary skill in the art,

reading any of the later-filed patents (the ‘668, ‘734, ‘100, and ‘251 Patents) on their filing date,
would undoubtedly understand that a tubular printing blanket made of a flat panel, wrapped
around the blanket sleeve with the ends abutting each other, could eliminate the common

problem of vibrations and bumps in the same way as a blanket with a solid outer layer.

11. A person of ordinary skill in the art in 1997 would have also known of U.S. Patent

No. 5,351,615 (filed May 25, 1993, issued October 4, 1994). U.S. Patent No. 5,351,615 (“the
‘615 Patent”) describes a blanket composed of a carrier plate and rubber layer. “Beginning and

end of the carrier plate and of the rubber layer are connected to each other in such a way that the
outer circumferential surface of the blanket is continuous and without gaps.” (G127Sl2, lines14-

18). Additionally, this specification provides that “means for reproducibly positioning the seam
connecting the beginning and the end of the blanket are provided.” (G1275l2, lines 21-23). The
‘61 5 Patent cites the objective ofpreventing “printing quality losses due to vibration loads as a

result of impacts at the groove...” (218-9). Accordingly, a person of ordinary skill in the art
reading the ‘734 and ‘ 100 Patents in light of the ‘615 Patent would necessarily be aware of the

possibility of creating a vibrationless interaction between the printing plate and a blanket that
includes a seam. This also holds true for the same person reading the ‘251 Patent in 2002.

12. A person of ordinary skill in the art reading the ‘251 Patent in 2002 would have also
known ofU.S. Patent No. 6,148,725 (filed July 16, 1997, issued November 21, 2000). U.S.

Patent No. 6,148,725 (“the ‘725 Patent”) describes a rubber cylindrical sleeve comprised of

multiple layers, many of which may contain a joint location. “[T]o form a continuous

compressible layer....oppositely located free ends (not shown) of the compressible sheet material
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are spliced together or otherwise joined using known joinery means to form a joint location 8.”
(G 127520, lines 53-58). However, the outermost layer “is configured as a longitudinally
continuous tube or cylinder having no joints or seams.” (G 127520, lines 65-67). Accordingly, a
person if ordinary skill in the art reading the ‘251 Patent in 2002 would be made further aware of

' the possibility for creating a rubber cylinder sleeve that does not “adversely impact the print
quality’’ (G 127519, line 30) similar to other cylinder sleeves with connection seams on the
outermost layer, while the cylinder sleeve contains seams.

13. Therefore, one skilled in the art would necessarily have comprehended the invention

described in the ‘734, ‘I00, and ‘251 Patents to describe tubular printing blankets.
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HYDHOGEL-DRIVENDRUG DOSAGE FORM.

BACKGROUND OF THE INVENTION

The present invention relates toe dosage form that provides a

controlled release of a beneficial agent, or drug, to an environment of use.

Osmotic and hydrogel-driven drug delivery devices for the release of a.

drug have been known in the art for some time. Exemplary dosage forms have

included a tablet comprising a semipermeable wall surrounding a compartment

containing the drug and a layer of swellable hydrogel, with the drug being delivered

through a passageway in the semipermeable wall by swelling of the hydrogel, as

described in U.S. Patent No. 4,327,725; another tablet comprising a wall permeable

to an exterior fluid but impermeable to the drug, the wall surrounding a compartment

‘containing two osmotic agents, two expandable polymers and the drug, as described

in U.S. Patent No. 4,612,008; drug dispersed in a swellable hydrogel matrix core that

releases the drug by diffusion into the environment of use, as described in U.S.

Patent No. 4,624,848; a hydrogel reservoir containing a multiplicity of tiny pills

wherein each tiny pill consists of a wall surrounding a drug core, as described in U.S.

Patent No. 4,851,232; and a two-layered tablet wherein one layer is drug mixed with

a hydrogel and the other layer is a hydrogel, as described in U.S. Patent No. .

5,516,527.

While the conventional dosage forms described above are functional,

nonetheless such dosage forms suffer from a variety of drawbacks. A controlled

release dosage form should ideally deliver substantially all of the drug from the

dosage form to the environment of use. However, a common problem encountered

by osmotic and hydrogel-driven dosage forms, particularly when the drug has low

aqueous solubility, is that residual ‘drug is left in the tablet interior after the hydrogel

or other swellable material has completely swelled. This residual drug is not

available for absorption and, accordingly, such dosage forms require increased

amounts of drug to compensate for the failure of the system to release all of the drug

into the environment of use.

in addition, the controlled release dosage form must operate within

certain size constraints, and yet be capable of delivering most or all of the drug to

the environment of use. Dosage forms, particulary for humans, are limited in size, ,

and are usually less than 1 gram, more preferably less than 700 mg in weight.

However, for some types of drugs, the dose amount may make up to half or even

more of the weight of the dosage form. The water-swellable materials that provide

the delivery of the drug must in instances where the dose is high be capable oi
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provicfing a highly efficient delivery of the .drug,; since .ver.y. little.of the dosage form

may be avaflable for the swellable material or other excipients.

In addition", it is often desired that the dosage fonn begin extruding

drug relatively quickly upon entering the use environment. However, many delivery

systems exhibit a time lag before extruding drug. This can be particularly

problematic when the drug has low aqueous solubility or is hydrophobic. Several

techniques have been proposed to reduce the time leg, but each has its own

drawback. One technique has been-.to provide high-penneabilitiy coatings by

utilizing thin coatings around the dosage form. While this technique provides a

quicker uptake of fluid, the thin coating lacks strength and often bursts in use or

provides insufficient protection to the dosage form which becomes susceptible to

damage during handling. Yet another technique has involved providing pores or one

or more passageways that communicate with the water-swellable materials, but this

often leads to unacceptable amounts of residual drug. Another technique involves

coating the dosage form with an immediate release drug formulation, but this

requires additional processing steps and provides a dosage form with two different

release rates, which may be undesirable.

Yet another problem encountered with conventional osmotic and

hydrogel-driven drug delivery systems is that such dosage forms often require the

presence of osmagents. Osmagents are selected such that they generate an

osmotic pressure gradient across the barrier of the surrounding coating. The

osmotic pressure gradient drives the permeation of water into the tablet and the

resulting buildup of sufficient hydrostatic pressure, which forces the drug through the

delivery port. These osmagents increase the weight of the dosage form, thus

limiting the amount of drug which may be contained in the dosage fonn. In addition,

the presence of additional ingredients in the dosage form, such as osmagents,

increases the costs of manufacture due to the need to insure unifonn concentrations

of the ingredients throughout the dosage form, and may have other drawbacks such

asadverse effects on compression properties and on drug stability.

Very little has been done to investigate the delivery of drugs from

dosage forms having different arrangements of materials. Dosage fonns of the prior

art generally fall into one of three arrangements. The first is the conventional bi-

layer design, which is characterized by a drug-containing layer and a water-swellable

layer. Exemplary of these devices.is Wong, et al., U.S. Patent No. 4,612,008.

Yet another arrangement consists of a water-swellable layer

surrounded by a drug-containing composition. Such a device is shown in Curatolo,

U.S. Patent No. 5,792,471.
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.Yet another arrangement is shown by McClelland et al., U.S. Patent

No. 5,120,548, which discloses a controlled. release delivery device containing

swelling modulators blended within swellable polymers.

Nevertheless, there is still a need in the art for a controlled release

dosage form that results in a highly efficient delivery of drug to an environment of

use with very little residual drug, that allows large drug loading so as to minimize the

dosage size, that begins releasing drug soon after entering the environment of use,

and that limits the number of necessary ingredients. These needs and others which

will become apparent to one skilled in the art are met by the present invention, which

is summarized and described-in detail below.

BRIEF SUMMARY OF THE INVENTION

The various aspects of the invention each provide a controlled release

drug dosage form for-delivery of at least one drug. A first aspect of the invention

provides a controlled release drug dosage fonn comprising a core and a coating

around the core. The core comprises a first drug-containing composition, a second

drug containing composition, and a water~swe|lable composition, each occupying

separate regions within the core. The water-"swellable composition is located

between the first and second drug-containing compositions. The coating is water-

permeable, water-insoluble, and has at least one delivery port for communication

with the first drug-containing composition and atleast one additional delivery port for

communication with the second drug—containing composition.

A second aspect of the invention provides a controlled release drug

dosage fonn comprising a core and a coating around said core. The core comprises

a drug~containing composition and a water-swellable composition, each occupying

separate regions within said core. The drug—containing composition surrounds the

water—swellable composition. The drug—containing composition comprises a

low-solubility drug and a drug-entraining agent. The water-swellable composition

comprises a swelling agent. The coating is water-permeable, water-insoluble, and

has at least one delivery port therethrough.

A third aspect of the invention" provides a controlled release drug

dosage form comprising a core and a coating. The core comprises a drug-

containing composition and a water—swellable composition, each occupying separate

regions within the core. The water-swellable composition comprises a plurality of

granules. The drug—containing composition comprises a drug and a drug-entraining

agent. The water-swellable composition comprises a swelling agent. The coating is

water-permeable, water-insoluble, and has at least one delivery port therethrough.
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A fourth aspect of.the invention.provides a controlled release.drug._-

dosage form comprising a core and a coating. The core is substantially

homogeneous throughout and comprises a mixture of a drug, a drug-entraining

agent, a fluidizing agent, and a swelling agent. The coating is water-permeable,

water-insoluble, and has at least one delivery port therethrough.

This invention further provides a method of treating a disease or

condition amenable to treatment with a pharmaceutical agent which is administered .

in a controlled release (i.e., sustained release or delayed release) dosage form,

comprising administering to a person in need of suchtreatment a controlled release

dosage form according to any of the four aspects disclosed above, said dosage form r

comprising an effective amount of said pharmaceutical agent.

The amount of a particular compound which is administered will

necessarily be varied according to principles well known in the art taking into account

factors such as the particular compound of interest, the severity of the disease or

condition being remediated and the size and age of the patient. In general, the

compound will be administered so that an effective dose is received, an “effective

dose” being determined from safe and efficacious ranges of administration already

known for the particular compound of interest. Alternatively, an effective amount can

be determined by the attending physician.

The methods of treatment disclosed above are not limited by or to any

particular disease orindication, and the scope of such methods is intended to be

broad, such methods of treatment including, but not being limited to, any of the

classes of compounds or specific compounds disclosed hereinbelow.

The various aspects of the present invention have one or more of the

following advantages. The dosage forms of the present invention are capable of

delivering greater amounts of drug to the desired environment of use with greater

efficiency using smaller amounts of swelling materials, and also result in lower

amounts of residual drugthan do conventional compositions. The compositions are

also capable of higher drug loading compared with conventional compositions. In

addition, the compositions begin delivering drug to the environment of use more

quickly than do conventional dosage forms. The dosage forms are capable of

rapidly delivering a drug without the coating failing due to rupture as a result of

excessive pressure within the core when the dosage form is introduced into an

environment of use.

in addition, the various embodiments provide at least one

manufacturing advantage relative to the bi-layer design, in that the location of the

delivery port is not as important, as discussed below. In addition, for the aspect

comprising a homogeneous core, that embodiment eliminates processing associated
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with forming separate layers.

The foregoing and other objectives, features, and advantages of the

invention will be more readily understood upon consideration of the following detailed

description of the invention, taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING .

FIGS. 1-4 are schematic drawings of cross sections of exemplary

embodiments of dosage forms of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a controlled release dosage fonn that

is specifically designed to provide controlled release of at least one drug primarily by

imbibition of water and extrusion of drug from the dosage form as opposed to

primarily by diffusion. Referring now to the figures, wherein like numerals refer to

like elements, FIGS. 1-4 depict schematically four exemplary dosage form

arrangements. FIG. 1 depicts a “tri-layer" tablet; FIG. 2 depicts a “concentric core”

tablet; FIG. 3 depicts a “granular core” tablet; and FIG. 4 depicts a “homogeneous

core" tablet. Certain features common-to all of the exemplary embodiments may be

understood by first considering FIG. 1 which shows an exemplary tri-layer dosage

form 10 having a core 12 comprising drug-containing composition(s) 14 and a water-

swellable composition 16. The drug-containing composition(s) and the water-

swellable composition occupy separate regions in the core. By “separate regions” is

meant that the two compositions occupy separate volumes, such that the two are not

substantially mixed together. Of course, a small amount of intermixing of the

compositions may occur where the compositions come in contact with each other, for

example, at the interface between two layers. A coating 18 surrounds the core 12

and is water-permeable, water-insoluble and has one or more delivery ports 20

therethrough. In use, the core 12 imbibes water through the coating 18 from the

environment of use such as the gastrointestinal (“GI”) tract of a mammal. The

imbibed water causes the water-swellable composition 16 to swell, thereby

increasing the pressure within the core 12. The imbibed water also increases the

fluidity of the drug-containing composition. The pressure difference between the

core 12 and the environment of use drives the release of the fluidized drug-

containing composition(s) 14. Because the coating 18 remains intact, the drug-

containing composition(s) 14 areextruded out of the core 12 through the delivery

port(s) 20 into the environment of use. Because the water-swellable composition 16

contains no drug, almost all of the drug is extruded through the delivery port(s) 20, A

leaving very little residual drug.
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The dosage form of .the present invention -releases the drugto an-=-

environment of use primarily by "extrusion" rather than by diffusion. The tenn

"extrusion" as used herein is intended to convey an expulsion or forcing out of some

or all of the drug through one or more delivery ports or pores in the coating to the

exterior of the dosage form by hydrostatic forces,.to be distinguished from delivery

by a diffusion mechanism or by erosion of the mass of the device. The dmg may be

released primarily by extrusion either in the form of a suspension of solids in

aqueous solution or the drug may be in solution, to the extent dissolution has taken

place in the core 12.

Reference to the "release" of drug as used herein means (1) transport

of drug from the interior of the dosage form to its exterior such that it contacts fluid

within a mammal (e.g., a mammal’s GI tract) following delivery or (2) transport of

drug from the interior of the dosage form such that it contacts a test medium for

evaluation of the dosage form by an in vitro test as described below. Reference to a

“use environment“ can thus be either to in viva fluids or to an in vitro test medium.

“lntroduction" to a use environment includes either by ingestion or swallowing or use

of implants or suppositories, where the use environment is in vivo, or being placed in

_ a test medium where the use environment is in vitro.

DOSAGE FORM ARRANGEMENT

Four exemplary dosage form arrangements are schematically shown
in FIGS. 1-4.

FIG. 1 depicts a “tri-layer” tablet 10 comprising a core 12 that has two

drug-containing compositions 14a and 14b on either side of a water-swellable

composition 16 and, surrounding the core 12, a coating 18 that has at least one

delivery port 20 through the coating connecting each drug layer 14a and 14b with the

exterior of the dosage form. The tri-layer dosage form provides several advantages.

First, the dosage fonn may be used to deliver two different drugs. Thus, the drug-

containing composition 14a may contain a dmg that is different than the drug in

drug-containing composition 14b. Second, even when the drug-containing

compositions 14a and 14b contain the same drug, the two drug-containing

compositions may be formulated differently so as to provide different release rates

forthe drug. Thus, for example. drug-containing composition 14a could provide a

fast release rate for a drug, whileudrug-containing composition 14b could provide a

slow release rate, thus allowing a wide range of drug profiles to be achieved.

Another advantage of the tri-layer design is that the delivery port is

located on both sides of the core, rather than on a single side as in the bi-layer

arrangement. it is desired that the bi-layer dosage form have at least one delivery
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port in communication with the drug-containing composition. A problem when...

manufacturing bi-layer dosage forms is that for some compositions, providing a

delivery port in communication with the water-swellable composition diminishes

performance. Thus, care and added expense are required during manufacturing to

‘locate the side of the dosage form facing the drug-containing composition and then

provide a delivery port only on that side of the dosage form. In contrast, for the tri-

layer design, it is desired to have a delivery port on both sides of the dosage‘-form.

Therefore, it is no longer necessary to locate the correct side for. providing. the. ..

delivery port, since a delivery port is provided on both sides of the dosage form.

FIG. 2 depicts a “concentric core” tablet 10’ comprising a core 12 that

has a drug-containing composition 14 that surrounds a water-swellable composition

16 and surrounding the core, a coating 18 that has at least one delivery port 20

"through the coating 18 connecting the drug layer 14 with the exterior of the dosage

form. The concentric core dosage form provides at least one processing advantage

relative to the bi-layer arrangement in that the location of the delivery port is not

critical, since the water-swellable composition is surrounded by the drug-containing

composition. Thus any delivery port will be in communication with the drug-

containing composition regardless of location; Also, water must pass through the

drug-containing composition prior to entering the water-swellable composition

ensuring that the drug-containing composition is fluid enough to be delivered prior to

pressure being exerted by the water-swellable composition.

FIG. 3 depicts a “granular core" tablet 10” comprising a core 12, a

coating 18 and at least one delivery port 20. The core comprises a drug-containing

composition 14, and multiple granules of a water-swellable composition 16 mixed A

throughout the drug-containing composition 14. Like the concentric core

embodiment, the location of the delivery port for the granular core is not important,

and therefore provides a manufacturing advantage relative to the bi-layer

arrangement.

Yet another advantage of the granular core tablet is that it may be

formed using conventional single-layer tablet-manufacturing equipment. Thisavoids

the expense of a multi-_layer tablet press. '

FIG. 4 depicts a “homogeneous core" tablet 100, comprising a core

12, a coating 18 and at least one delivery port 20. The core comprises a

homogenous drug~containlng composition 15 that contains both the drug and the

swelling materials. The homogeneous core provides at least three manufacturing

advantages. First, the location of the delivery port is not important, since any

delivery port will be in communication with the drug-containing composition. Second,

only a single drug-containing composition needs to be prepared, rather than
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separate drug-containingcompositions and water-swellabie compositions. .Third,

standard single-layer tablet-making equipment can be used to form the core.

Accordingly, the cost associated with preparing additional compositions is eliminated.

RELEASE CHARACTERISTICS

An important attribute of the dosage forms of the present invention is

the delivery of drug to a use environment in a controlled manner. For some aspects

of the present invention, the dosage forms start releasing drug soon after

introduction to the use environment. When a rapid onset of delivery is desired,

preferably the dosage forms release at least 5 wt% oi the drug, and more preferably

at least 10 wt% of the drug within 2 hours after introduction to the use environment,

where these percentages correspond to the mass of drug released from the core

relative to the total mass of drug originally present in the core. By quickly beginning

the release of the drug, the dosage form shortens the time required to achieve an

effective drug concentration in a use environment such as the upper GI tract. Rapid

release can also reduce the time required to achieve an effective drug level in the

blood.

it is also desired that the dosage fonns release the drug in a

controlled manner-, preferably at a substantially constant rate. For many drugs, it is

preferred that the dosage forms release no more than about 60 wl% of the drug, and

more preferably no more than about.50 wt°/o of the drug, into the use environment

within 2 hours after introduction to the useenvironment. The rate of

release of drug from the dosage form should also be sufficiently high to allow release

of the drug within a time frame that allows a substantial fraction of the drug delivered

to be absorbed into the blood stream. For many drugs the dosage forms preferably

release at least 60 wt% of the drug, and more preferably at least 70 wt?/o of the drug

to the use environment within 16 hours after introduction to the use environment.

The inclusion of a fluidizing agent in the drug-containing composition is particularly

useful when more rapid delivery of drug to the use environment is desired. In

particular, when it is desirable to deliver at least 70 wt°/o of the drug to the use. --

environment within 12 hours after introduction thereto, the invention allows rapid

drug release without rupture or otherwise failure of the dosage form coating during

operation.

It is also desired that the dosage forms release a substantial amount

of the drug contained within the dosage form, leaving a relatively small residual

amount of drug after 24 hours. Obtaining low residual amounts of drug is particularly

difficult when it is desired to deliver high doses of low-solubility drug. Preferably, the

dosage forms-of the present invention release at least 80 wt% of drug, more
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preferably at least 90 wt%, and even more preferably atleast 95 wt% of drug to.the

use environment within 24 hours after introduction of the dosage form to the use

environment. --

An in vitro test may be used to determine the release profile(s) of the

dosage forms of the present invention. In vitro tests are well known in the art. An

example is a "residual test,” which is described below for sertraline HCI. One or

more dosage fame is first placed into a stirred USP type 2 dissoette flask containing

900 mL of a buffer solution simulating gastric environment (10 mM HCI, 120 mM

NaCl, pH 2.0, 261 mosmlkg) at 37ElC for 2 hours, then removed, rinsed with

deionized water, and transferred to a stirred USP type 2 dissoette flask containing

900 mL of a buffer solution simulating the contents of the small intestine (6 mM

KH2PO4, 64 mM KCl, 35 mM NaCl, pH 7.2, 210 mOsm/kg). In both flasks, the

dosage forms are placed in a wire support to keep the dosage forms off of the

bottom of the flask, so that all surfaces are exposed to the moving release solution

and the solutions are stirred using paddles that rotate at a rate of 50 rpm. At each

time interval, a single dosage form is removed from the solution, released material is

removed from the surface, and the dosage form cut in half and placed in 100 mL of a

recovery solution (1 :1 wt/wt ethanolzwater, pH adjusted to 3 with 0.1 N HCl), and

vigorously stirred overnight at ambient temperature to dissolve the drug remaining in

the dosage form. Samples of the recovery solution containing the dissolved drug are

filtered using a Gelman Nylon® Acrodisc® 13, 0.45 pm pore size filter, and placed in

a vial and capped. Residual drug is analyzed by HPLC. Drug ‘concentration is

calculated by comparing UV absorbance of samples to the absorbance of drug

standards. The amount remaining in the tablets is subtracted from the total drug

present prior to release to obtain the amount released at each time interval.

An alternative in vitro test is a direct test, in which samples of the

dosage fonn are placed into a stirred USP type 2 dissoette flask containing 900 mL

of a receptor solution such as USP ‘sodium acetate buffer (27 mM acetic acid and 36

mM sodium acetate, pH 4.5) or 88 mM NaCl.« Samples are taken at periodic

intervals using a VanKel VK8000 autosampling dissoette with automatic receptor

solution replacement. Tablets are placed in a wire support as above, paddle height

is adjusted, and the dissoette flasks stirred at 50 rpm at 370C. The autosampler

dissoette device is programmed to periodically remove a sample of the receptor

solution, and the drug concentration is analyzeduby HPLC using the procedure

outlined above. Since the drug is usually extruded from the dosage form as a

suspension in an entraining polymer, there is often a time lag between when the

drug is released and when it is dissolved in the test medium, and thus, measured in

the direct test. This time lag depends on the solubility of the drug, the test medium,
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and the ingredients of the drug—containing composition,but typically. isron the.order
of 30 to 90 minutes.

While particular buffers or test media in which to conduct in vitro tests.

have been described above, any conventional test media may be used asis well

known in the art.

Alternatively, an in vivo test may be used. However, due to the

inherent difficulties and complexity of the in viva procedure, it is preferred that in vitro

procedures be used to evaluate dosage forms even though the ultimate use

environment is often the human GI tract. Drug dosage fomts are dosed orally to a

group of mammals, such as humans or dogs and drug release and drug absorption

is monitored either by (1) periodically withdrawing blood and measuring the serum or

plasma concentration of drug or (2) measuring the amount of drug remaining in the

dosage form following its exit from the anus (residual drug) or (3) both (1) and (2). in

the second method, residual drug is measured by recovering the tablet upon exit

from the anus of the test subject and measuring the amount of dmg remaining in the

dosage form using the same procedure described above for the in vitro residual test.

The difference between the amount of drug in the original dosage form and the

amount of residual drug is a measure of the amount of drug released during the

mouth-to—anus transit time. This test has limited utility since it provides only a single

drug release time point but is useful in demonstrating the correlation between in vifro

and in viva release.

In one in vivo method of monitoring drug release and absorption, the

serum or plasma drug concentration is plotted along the ordinate (y-axis) against the

blood sample time along the abscissa (x-axis). The data may then be analyzed to

detennine drug release rates using any conventional analysis, such as the

Wagner-Nelson or Loo-Fliegelman analysis. See also Welling, “Phannacokinetics:

Processes and Mathematics” (ACS Monograph 185, Amer. Chem. Soc.,

Washington, D.C., 1986). Treatment of the data in this manner yields an apparent in

vivo drug release profile.

10
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.DFlUG-CONTAINING COMPOSITION-..

For the tri-layer, concentric core, and granular core embodiments of

the present invention, the drug-containing composition 14 includes at least one dmg

and preferably additional excipients (the homogeneous core embodiment is

discussed below). The drug-containing composition occupiesa separate,

substantially distinct region from the water-swellable composition. For the granular

core embodiment, a substantially distinct region means that the water-swellable

composition is present in a plurality of separate granules distributed throughout the

drug-containing composition. When it is desired to deliver a relatively large dose of

drug (about 100-mg or more) in a single dosage form, the drug-containing

composition preferably comprises greater than about 50 wt% of the core. When it is

desirable to deliver even greater amounts of drug (e.g., 150 mg or more), the drug-

containing composition comprises preferably greater than about 60 wt% of the core,

and more preferably greater than about 70 wt% of the core. Preferably, the drug-

containing composition 14 is in contact with or in close proximity to the coating 18

which surrounds the dosage form.

The drug-containing composition(s) may contain one or more drugs,

and in the case of the tri—layer dosage form, the first drug-containing composition

14a may contain a different drug than the second drug-containing composition 14b.

The drug may be virtually any beneficial therapeutic agent and may comprise from

0.1 to 65 wt% of the drug-containing composition 14. in cases where the dose to be

delivered is high (e.g., greater than about 100 mg), it is preferred that the drug

comprise at least 35 wt% of the drug-containing composition 14. The drug may be in

any form, either crystalline or amorphous. The drug may also be in the form of a

solid dispersion.

I The invention finds particular utility when the drug is a "low-solubility
drug," meaning that the drug is either “substantially water-insoluble” (which means

that the drug has a minimum aqueous solubility at physiologically relevant pH (e.g.,

pH 1-8) of less than 0.01 mg/mL), or “sparingly water soluble,” that is, has a

minimum ‘aqueous solubility at physiologically relevant pH up to about 1 to 2 mg/mL,
or has even low to moderate aqueous solubility, having a minimum aqueous '

solubility at physiologically relevant pH as high as about 10 to 20 mg/mL. in general,

it may be said that the drug has a dose-to-aqueous solubility ratio greater than

10 mL, and more typically greater than 100 mL, where the drug solubility is the

minimum value in mglmL observed in any physiologically relevant aqueous solution

(e.g., those with pH values between 1 and 8) including USP simulated gastric and

intestinal buffers and the dose is in mg. The drug may be employed in its neutral
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(e.g., free acid, free base, or zwitterion) form, .or in the form of its phannaceutically

acceptable salts as well as in anhydrous, hydrated, or solvated forms, and pro drugs.

Preferred‘ classes of drugs include, but are not limited to,

antihypertensives, antidepressants, antianxiety agents, anticlotting agents,

anticonvulsants, blood glucose-lowering agents, decongestants, antihistamines,

antitussives, anti-inflammatories, antipsychotic agents, cognitive enhancers,

cholesterol-

reducing agents, antiobesity agents, autoimmune disorder agents, anti-impotence

agents, antibacterial and antifungal agents, hypnotic agents, anti-Parkinsonism

agents, antibiotics, antiviral agents, anti-neoplastics, barbituates, sedatives,

nutritional agents, beta blockers, emetics, anti-emetics, diuretics, anticoagulants,

cardiotonics, androgens, corticoids, anabolic agents, growth hormone

secretagogues, anti-infective agents, coronary vasodilators, carbonic anhydrase

inhibitors, antiprotozoals, gastrointestinal agents, serotonin antagonists, anesthetics,

hypoglycemic agents, dopaminergic agents, anti-Alzheimer's Disease agents, anti-

ulcer agents, platelet inhibitors and glycogen phosphorylase inhibitors.

Specific examples of the above and other

classes of drugs and therapeutic agents deliverable by the invention are set forth

below, by way of example only. Specific examples of antihypertensives include

prazosin, nifedipine, trimazosin, amlodipine, and doxazosin mesylate; a specific

example of an antianxiety agent is hydroxyzine; a specific example of a blood

glucose lowering agent is glipizide; a specific example of an anti-impotence agent is

sildenafil citrate; specific examples of anti-neoplastics include chlorambucil,

lomustine and echinomycin; specific examples of anti-inflammatory agents include

betamethasone, prednisolone, piroxicam, aspirin, flurbiprofen and (+)-N-{4-[3-(4-

fluorophenoxy)phenoxy]-2-cyclopenten~1-yl}~N-hyroxyurea; a specific example of a

barbituate is phenobarbital; specific examples of antivirals include acyclovir,

nelfinavir, and virazole; specific examples of vitamins/nutritional agents include

retinol and vitamin E; specific examples of a, ~blocker include timolol and nadolol; a

specific example of an emetic is apomorphine; specific examples of a diuretic include

chlorthalidone and spironolactone; a specific example of an anticoagulant is '

dicumarol; specific examples of cardiotonics include digoxin and digitoxin; specific

examples of an androgen include 17-methyltestosterone and testosterone; a specific

example of a mineral corticoid is desoxycorticosterone; a specific example of a

steroidal hypnotic/anesthetic is alfaxalone; specific examples of an anabolic agent

include fluoxymesterone and methanstenolone; specific examples of antidepression

agents include fluoxetine, pyroxidine, venlafaxine, sertraline, paroxetine, sulpiride,

[3,6-dimethyl-2-(2,4,6-trimethyl-phenoxy)-pyridin-4-yl]-(lethylpropyl)-amine and

12
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