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Heteroatoms-containing tricyclic compounds

The present invention relates to heteroatoms-containing tricyclic compounds, e.g. a process
for the production of 33-epichloro-33-desoxyascomycin (33-epi-33-chloro-FR 520).

33-Epi-33-chloro-FR 520 is a known compound, e.g. disclosed in EP0427680 (example
66a). 33-Epi-33-chloro-FR 520 of formula

OCH,

may be useful in immunological-mediated diseases, e.g. useful in the treatment and

prevention of inflammatory, auto-immune and hyperproliferative diseases, e.g. including

- skin diseases, such as psoriasis, atopic dermatitis,

- immune-mediated conditions of the eye, such as auto-immune diseases, e.g. including
uveitis, keratoplasty and chronic keratitis,

- allergic conditions, e.g. vernal conjunctivitis, inflammatory conditions, corneal transplants.

Processes for the production of 33-Epi-33-chloro-FR 520 are known. We have now found
surprisingly a process for the production of 33-Epi-33-chloro-FR 520 from FR520
(ascomycin) in which process the use of protecting groups may be avoided. Such process

may be carried out in one single chemical process step.

In one aspect the present invention provides an one-step process for the production of 33-
Epi-33-chloro-FR 520 from FR520.
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In another aspect the present invention provides a process for the production of 33-epi-33-
chloro-FR 520 from FR520 wherein protecting groups are avoided, e.g. wherein protecting

group technology is avoided.

In another aspect the present invention provides a process for the production of 33-Epi-33-
chloro-FR 520 comprising reacting the compound FR520 with an appropriate chlorinating
agent in organic solvent, optionally in the presence of a base, and isolating 33-Epi-33-chioro-

FR 520 obtained from the reaction mixture.

In a process according to the present invention FR520, the chlorinating agent and optionally
the base, optionally each in organic solvent, or as such, are mixed and the mixture obtained
is stirred at appropriate temperature for a period sufficient for reaction. The reaction mixture
obtained may be worked up, e.g. analogously to a method as conventional, e.g. by aqueous
extraction and evaporation of the organic solvent. The work up residue obtained comprising
33-Epi-33-chloro-FR 520 may be further purified, e.g. by chromatography, crystallization.

An appropriate chlorinating agent includes e.g. dichlorotriphenylphosphorane. The
chlorinating agent may be used as such or may be provided in situ, e.g. by treating
triphenylphosphine with a chlorinated alkane, e.g. (Ci.z)alkane, such as CCl,;, C.Cl,
preferably CCl,; or by addition of triphenylphosphine to N-chlorosuccinimide in organic

solvent.

Organic solvent includes appropriate organic solvent, such as hydrocarbons, e.g. aromatic
hydrocarbons, e.g. benzene, toluene; ethers, such as tetrahydrofurane; nitriles, e.g.
acetonitrile; chlorinated alkanes, such as CCl, and mixtures of individual cited solvent. E.g.,
the reaction mixture may be diluted with a second solvent, e.g., if as the organic solvent
toluene is used, preferably with acetonitrile, in order to facilitate stirring. Preferably organic
solvent includes toluene, acetonitrile or tetrahydrofurane, or optionally a mixture of toluene
and acetonitrile, in case of using triphenylphosphine and N-chlorosuccinimide for the
preparation of dichlorotriphenylphosphorane as a chiorinating agent. Preferably organic
solvent includes a halogenated alkane in case of using triphenylphosphine and a
halogenated alkane for the preparation of dichlorotriphenylphosphorane as a chlorinating

agent.
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In another aspect the organic solvent in a process of the present invention is selected from
the group consisting of aromatic hydrocarbons, ethers and nitriles.

In case of using triphenylphosphine and a chlorinated alkane as a solvent, the chlorinated
alkane may be used in one aspect as a halogen source for the production of
dichlorotriphenylphosphorane and, in another aspect, as organic solvent, although the
addition of further organic solvent, e.g. such as cited above, is not excluded.

Appropriate reaction temperatures include temperatures from room temperature to about
100°C, such as from room temperature to about 80°C, e.g. from room temperature to about
70°C, e.g. from room temperature to 70°C, 80°C or 100°C. In case of using a chlorinated
alkane and triphenylphosphine for the production of the chlorinating agent, such as CCl,,
preferably the reaction temperature is reflux temperature of the chlorinated alkane.

E.g. FR520 is treated with dichlorotriphenylphosphorane,

e.g. dichlorotriphenylphosphorane is provided by treating triphenylphosphine with

- N-chlorosuccinimide in organic solvent, e.g. organic solvent as described above, preferably
an ether or an aromatic hydrocarbon,

- chlorinated alkanes as a chlorinating agent and as a solvent, such as CCly, in which case
no further organic solvent is necessary, although the addition of further organic solvent,
e.g. such as described above, is not excluded,

- solid chlorinated alkanes in organic solvent, such as C,Cls in organic solvent, e.g. organic
solvent as described above, preferably an ether or an aromatic hydrocarbon,

optionally in the presence of a base.

A base includes appropriate bases, such as organic bases, e.g. nitrogen containing bases,
preferably such as tert.amines or heterocyclic bases containing at least one nitrogen atom,
more preferably aromatic heterocyclic bases, such as a pyridine, an imidazole; preferably a
pyridine, such as pyridine, 2,4,6-trimethylpyridine (s-collidine).

In the case of using triphenylphosphine and a chlorinated alkane for the production of a
chlorinating agent, during the reaction of FR520 with the chlorinating agent a base optionally
may be present. In case of using triphenylphosphine and N-chlorosuccinimide for the
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production of a chiorinating agent during the reaction of FR520 with the chlorinating agent

the presence of a base is preferred, e.g. a base should be present.

In a preferred aspect of the present invention N-chlorosuccinimide is treated with
triphenylphosphine in organic solvent and, to the mixture obtained, a base and FR520 are

added, e.g. in portions, under stirring and heating.

In another aspect the present invention provides a process for the production of 33-Epi-33-
chloro-FR 520, comprising reacting FR 520 in organic solvent with a chlorinating agent in the
presence of a base, e.g. under appropriate temperature, wherein the chlorinating agent is
provided by treating triphenylphosphine with N-chlorosuccinimide in organic solvent.

In another preferred aspect of the present invention triphenylphosphine is treated with a
chlorinated alkane and FR 520 is added under stirring and heating.

In another aspect the present invention provides a process for the production of 33-Epi-33-
chloro-FR 520 from FR520, comprising reacting FR 520 with a chlorinating agent in organic
solvent, e.g. under appropriate temperature, wherein the chlorinating agent is provided by
treating triphenylphosphine with a chlorinated alkane,

e.g. wherein the organic solvent preferably is a chlorinated alkane,

e.g. in the absence of a base.

The ratio of FR520 and the chlorinating agent should be at least an equivalent ratio,
preferably an excess of the chlorinating agent is used, e.g. ascomycin and the chlorinating
agent a used in a ratio from about 1:1 to about 1:3 (per equivalent of ascomycin 1 to 3
equivalents of the chlorinating agent), such as from about 1:1 to about 1:2, e.g. from about
1:1 to about 1:5, preferably from about 1:1 to about 1:1.3, e.g. a ratio from 1:1 to 1:3, such
as from 1:1 to 1:2, e.g. from 1:1 to 1:5, preferably from 1:1 to 1:1.3 may be appropriate. The
ratio of FR520 and the base should be at least an equivalent ratio, preferably an excess of
the base is used, e.g. FR520 and the base are used in a ratio from about 1:1 to about 1:10
(per equivalent FR520 1 to 10 equivalents of the base), such as from about 1:2 to about
1:10, e.g. from about 1:3 to about 1:9, preferably from about 1:4 to 1:8; , e.g. a ratio from 1:1
to 1:10, such as from 1:2 to 1:10, e.g. from 1:3 to 1:9, preferably from 1:4 to 1:8 may be
appropriate.
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After a sufficient period of time which period may be determined by e.g. thin layer
chromatography or HPLC, the mixutre obtained comprising FR520, the chlorinating agent
and optionally a base, is worked up. Work‘up may be preferably carried out by subjecting to
aqueous extraction. From the organic phase obtained by extraction, solvent may be
removed, e.g. by distillation, such as evaporation, and the (distillation, evaporation) residue
obtained may be subjected to further purification, e.g. subjected to chromatography, e.g.
subjected to chromatography over silicagel. 33-Epi-33-chloro-FR 520 is obtained and may

be crystallized as appropriate, e.g. from a mixture of water and ethanol.

From chromatography optionally unreacted ascomycin may be recollected. Recollected

ascomycin may again undergo a reaction according to the present invention.

FR520 is a compound of formula
HO,,,

CH,0

ASC

OCH, OCH,

In the following examples all temperatures are in degree centigrade and are uncorrected.
The following abbreviations are used:

FR520 ascomycin, compound of formula ASC

33-epi-33-chloro-FR 520 33-epichloro-33-desoxyascomycin (pimecrolimus),

compound of formula |
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Example 1

33-Epi-33-chloro-FR 520

9.69 g of s-collidine (2,4,6-trimethylpyridine) and 15.84 g of FR520 are added to a solution of
24.8 mMol of dichlorotriphenylphosphine in 160 ml of toluene. The mixture obtained is stirred
at 60° for 1 hour, H,O is added, two phases obtained are separated and the organic layer
obtained is washed with aqueous, saturated NaCl solution and dried. From the mixture
obtained solvent is evaporated and the evaporation residue obtained is subjected to
chromatography over silicagel. 33-epi-33-chloro-FR 520 is obtained. Yield: 51.4%.

From chromatography a fraction containing unreacted FR520 is obtained. The fraction
containing unreacted FR520 is triturated with diethylether and 4.5 g of crude ascomycin are
obtained which may undergo a reaction as described in example 1 above or in any of the

examples 2 or 3 below.

Analogously as described in example 1 but using FR520, dichlorotriphenylphosphine and
organic solvent and bases as set out in TABLE 1 below, in amounts and ratios as set out in
TABLE 1 below, 33-epi-33-chioro-FR 520 is obtained in yields (%) as set out in TABLE 1

below.
TABLE 1
EX | FR520 (g) RATIO Base Solvent Yield (%)
FR520:CL-A:BASE
1a 0.2 1:1.25:4 pyridine toluene 55.4
1b 2.0 1:1:4 pyridine toluene 58.6
1c 2.0 1:1.8 pyridine toluene 40.7
1d 2.0 1:1.25:5.5 imidazole acetonitrile 13.6
1e 2.0 1:1.25:5.5 pyridine acetonitrile 32.4
1f 2.0 1:1.2:4 s-collidine toluene 60.0
1g 10 1:1.2:4 pyridine toluene 52.4
1h 48 1:1.1:4 pyridine toluene 48.8
1 27 1:1.2:4 s-collidine toluene 33.8

*). Ascomycin unreacted and recovered from other examples

In TABLE 1 above FR520 (g) means the amount of FR520 in gram, "RATIO FR520:CL-
A:BASE" means the molar ratio of FR520 : dichlorotriphenylphosphine : base; and "EX"

means the Example number.
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Example 2

33-Epi-33-chloro-FR 520

A solution of 277 mg of FR520 and 138 ml of triphenylphosphine in 8 ml of CCl, is heated to
reflux for 18 hours. To the mixture obtained toluene is added, the mixture obtained is filtrated
and from the filtrate obtained solvent is evaporated. The evaporation residue is subjected to

chromatography over silicagel. 33-Epi-33-chloro-FR 520 is obtained. Yield: 45%.

Example 3

33-Epi-33-chloro-FR 520

A solution of 100 mg triphenylphosphine in 1 ml of tetrahydrofurane (THF) is added dropwise
to 50 mg of N-chlorosuccinimide in 1.2 ml of THF. The mixture obtained is stirred for 0.5
hours at room temperature and 0.1 ml pyridine followed by a solution of 244 mg of FR520 in
2 ml of THF are added and the mixture obtained is stirred for 1 hour at 65°. The mixture is
diluted with toluene, water is added, and the two phases obtained are separated. The
organic layer obtained is washed with 1N HCI, H,O and saturated NaCl solution and dried.
From the solution obtained solvent is evaporated and the evaporation residue obtained is
subjected to chromatography over silicagel. 33-Epi-33-chloro-FR 520 is obtained. Yield:
48.1%.

Example 4

Crystallization of 33-Epi-33-chloro-FR 520

27 g of crude 33-epi-33-chloro-FR 520, obtained according to a method as described in any
of the examples 1 to 3, are dissolved in 180 mi of ethanol and 65 ml water are added. The
mixture obtained is kept at 4°, further water is added and the mixture obtained is kept for
further 4 hours at 4°. 23.5 g of crystallized 33-epi-33-chloro-FR 520 are obtained in a purity

of 98%.
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Patent Claims

1. A one-step process for the production of a compound of formula

OCH,
from a compound of formula

HO.,,

CH,0

ASC

OCH, OCH,

2. A process for the production of a compound of formula
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from a compound of formula
HO.,,

CH,0

ASC

OCH, OCH,

wherein protecting groups are avoided.

3. A process according to claim 1, wherein protecting groups are avoided.

4. A process according to any one of claims 1 to 3, comprising reacting the compound of
formula ASC with an appropriate chlorinating agent in organic solvent, optionally in the
10 presence of a base, and isolating a compound of formula | obtained from the reaction
mixture.
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5. A process according to claim 4, wherein the chlorinating agent is

dichlorotriphenylphosphorane.
6. A process according to any one of claims 1 to 5, comprising reacting FR 520 in organic
solvent with a chlorinating agent in the presence of a base, wherein the chlorinating

agent is provided by treating triphenylphosphine with N-chlorosuccinimide in organic

solvent.

7. A process according to claim 6, wherein the organic solvent is selected from the group

consisting of aromatic hydrocarbons, ethers and nitriles.

8. A process according to any one of claims 4 to 7, wherein the base is a pyridine.

9. A process according to any one of claims 1 to 5, comprising reacting a compound of
formula ASC with a chlorinating agent in organic solvent, wherein the chlorinating agent
is provided by treating triphenylphosphine with a chlorinated alkane. |

10. A process according to claim 9, wherein a chlorinated alkane is CCl.

|L/2-Sep-2005
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