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PROLINE DERIVATIVES USEFUL AS INHIBITORS OF HUMAN LEUKOCYTE ELASTASE

The present invention relates to novel proline derivatives,
and more particularly to particular forms of a novel
l-substituted-N-[2-methyl-1-(triflucroacetyl)propyl]pyrrolidine-2-
carboxamide derivative which are inhibitors of human leukocyte
elastase (HLE), also known as human neutrophil elastase (HNE), vhich

-—are of value, for example, as a research tool in pharmacological,
diagnostic and related studies and in the treatment of diseases in
mammals in vhich HLE is implicated. For example, HLE has been
implicated causally in the pathogenesis of acute respiratory distress
syndrome (ARDS), rheumatoid arthritis, atherosclerosis, pulmonary
emphysema, and other inflammatory disorders, including airway
inflammatory diseases characterized by increased and abnormal airway
secretion such as acute and chronic bronchitis and cystic fibrosis.
Also, HLE has been causally implicated in certain vascular diseases
and related conditions (and their therapy) in vhich neutrophil
participation is involved or implicated, for example, in hemorrhage
associated with acute non-lymphocytic leukemia, as well as in
reperfusion injury associated with, for exanmple, myocardial ischaemia
and related conditions associated with coronary artery disease such as
angina and infarction, cerebrovascular ischaemia such as transient
ischaemic attack and stroke, peripheral ccclusive vascular disease
such as intermittent claudication and critical limb ischaemia, venous
insufficiency such as venous hypertension, varicose veins and venous
ulceration, as vell as impaired reperfusion states such as those
associated vith reconstructive vascular surgery, thrombolysis and
angioplasty. The invention also concerns methods of treating one or
-more of .these -disease -conditions and -the -use of one or more of the
particular forms of the novel dervative in the manufacture of a
medicament for use in one or more of said conditions. The invention
further concerns pharmaceutical compositions containing one or more of
the particular forms of the novel derivative as active ingredient, as
vell as processes for the manufacture of the particular forms of the
novel derivative, novel intermediates useful in said processes and
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methods for the preparation of said intermediates.

Because of HLE’s apparent role, there has been considerable
research effort in recent years tovards the'development of HLE
inhibitors. In US patent 4,910,190 is disclosed a series of
structurally related peptidoyl trifluoromethane de:ivatives vhich are
HLE inhibitors. Ve have now discovered that particular forms of the
novel l-substituted-N-{2-methyl-1-(trifluoroacetyl)-propyl]- |
pyrrolidine-2-carboxamide derivative of formula I (set out
hereinafter) are unexpectedly potent inhibitors of HLE. B

According to one aspect of the inﬁeﬁtion, there is provided
the compound (§)-1-{(§)-2-(nethoxyca:bdnylanino)-3-methy1butyryl]-§r'
[z-nethyl-l-(trifluo:bacetyl)propyl]pyrroiidine-Z-carboxamide, or a
solvate thereof, both in the form of a diastereomeric mixture of
(§)-1-[ (§)-2- (methoxycarbonylamino)-3-methylbutyryl}-N-[(S)-2-methyl-
1-(trifluoroacetyl)propyi]pytfdlidine-z-catbuxamide {or a solva:e'
thereof) and (§)-1-((§)-2-(methoxycarbony1am1no)-3¥uethy1butyry1]-gr
[(5)-z-nethyl-l-(trifluoroacetyl)propyllpytrolidine-z4carboxanide (or
a solvate thereof) and in the form of the substantially or essentially
pure diastereoisomer (S)- 1-{(5) 2-(lethoiycarbonylanino)-3-

nethylbutyryl]-ﬂ-[(_) 2-methyl-1- (trifluoroacetyl)propyl]pyrrolidine-
z-carboxan;de or a solvate thereof

It will be appreciated that the compound of formula I has
three chiral centres (identified by » and # in formuia I) and can _
therefore exist in eight different stereomeric forms, or as a
diastereomeric mixture of two or more of these forms. For example,
the compound (§)-1-{(§)-2-(methoxycarbonylamino)- 3-uethy1butyry1]-ﬁ-'
lz-nethyl-l-(trifluoroacetyl)propyl]pyrrolidine-z-carboxanide is a
compound of the formula I in which the tvo chiral centres identified
by » have the § configuration and the third chiral centre identified
by # has the RS configuration. The compound is therefore a
diastereomeric mixture ¢onptisihg the diastereoisomer vith the chiral
centres marked # and # all having the § configuration, that is
(8)~1=[(S)-2-(methoxycarbonylamino)-3-methylbutyryl] -N-[ (S)-2-methyl-
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1-(trifluoroacetyl)nronyl]pyrrolidine-z-carooxanide {hereinafter
referred to as the "sss diascereoisouer' of formula I and which may
also be represented as shoun in fornnla Ia in vhich a thickened bond
denotes a bond projecting from the plane of the paper) and the .
diasterecisomer with the chiral centres marked * having the S
configuration and that marked # having the R configuration, that is-
(S)-1-[(8)-2- (methoxycarbonylamino)-3-methy1butyry1]-N-[(R) 2-nethy1-
1- (trifluoroacetyl)propyl]pyrrolidine-z-carboxanide (hereinafrer
referred to as the "SSR diastereoisomer“ of formula I), or solvates
thereof. Such a diastereoneric nixture includes, for exanple. a
mixture containing approximately equal amounts of the SS5 and SSR
diastereoisomers, 1. e:—the §SS:SSR ratio is about 1:1. For example,
“‘diastereomeric mixtures conprising SSS and SSR. diastereoisoners in
ratios of 53:47 and 47:53 (SSS:SSR) have been obtained. Particular
forms of the conpound of formula I vhich are preferred are
diastereoneric nixtures vhich are enriched in the SSS diastereoisomer,
i.e, the ratio of sss:ssa is greater than 1:1. An especially
preferred form of the coupound is substantially or essentially pure
sss diastereoisoner, that is sss diastereoisomer containing less than
5% (more particularly less than 3% and preferably less than 2X) of
other diastereoisoners

It vill be appreciated that the SSS diastereoisomer of

formula I may also form a diastereonerit'nixture vith one or more

- -other—forms of fornmia I, for exanole (S)- 1-(2-netho:ycarbonyianino-3-
nethylbutyryl]-ﬂ-[(S)-2-nethy1-l-(trifluoroacetyi)propyl]pyrrolidine-
2-carboxamide (a diastereoneric mixture of the SS5 and RSS. forms of

) fornula I) or 1- [(§)-2-nethoxycarbony1anino-3-nethyibutyryil-g: .
[(s)-z-methyi-l (trifluoroacetyi)propyllpyrrolidine-Z-carboxanide (a
diastereoneric mixture of the SSS and SRS forms of formula I) may be
obtained. These particular diastereoneric mixtures, and other.
diastereomeric nixtures containing about 50% or nore of the SSS
diastereoisoner together vith one or more other possible
diastereoisomers with different configurations at the chiral centres
marked by * and # in fornula I are therefore further aspects of the

---present invention.
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A diastersomeric mixture of the SS5 and SSR diastereoisomers
may exist in an amorphous, non-crystalline form or in a crystalline
form, dependent on the ratio of SSS:SSR diastereoisomers present. A
preferred diastereomeric mixture is one which can be isolated in
crystalline-form;-which- is .particularly _advantageous in the
manufacture of the compound, or formulations thereof, to the purity
levels and uniformity'reQuired for regulatory approval. It will be
appreciated that it is extremely difficult to obtain a cohpound which
is a single diastereoisomer completely free of the other possible
diastereomeric forms, particularly a compound vhich has three chiral
centres. The present invention therefore includes a crystalline form
of the SSS diastereoisomer of formula I, or solvate thereof, which
contains other possible'diastereoisouers with different configurations
at the chiral centres indicated by = and # in formula I. It has been
found that a crystalline diastereomeric mixture of the SSS and SSR
diastereoisomers or a hydrate thereof, can be obtained which is
suhstaneially-oz-essnutially.a_diastéreoneric mixture of SSS and SSR
diastereoisomers_in a ratio ($SS:SSR) of 65:35 or greater, i.e. it
contains 35X or less of the SSR diastereoisomer. The present |
invention therefore includes a crystalline form of the compound of
formula I, or a solvate thereof, with a content of at least 65% of the
SSS diastereoisomer. Preferably the crystalline diastereomeric
mixture has, for example, a ratio of SSS:SSR which is 80:20 or
greater, for example 95:5 or greater, and especially 98.5:1.5 or
greater. An especially preferred form of the compound of the
invention is crystalline SSS diastereoisomer which is substantially or
essentially pure, i.e. it contains less than 5% of other
diastereoisomers, for example less than 5% of the SSR diastereoisomer,
preferably less than 3% of the SSR diastereoisomer, and more
preferably less than 2% of the SSR diastereoisomer.

An amorphous or cintilline'diisteteoueric mixture of SSS
and SSR forms, or substantially or essentially pure SSS
diastereoiscmer, exist in a form vhith is- substantially- or-essentially .
free of solvent"(hereinafter:refetied;to_is,the "ketone" form and as
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illustrated in Formula Ia for the pure SS5 diastereoisomer), or as a
solvsted, for example, hydrated form, or as a mixture of the ketone
and solvated (hydrated) forms._ The hydrated form may exist, for
example. as a gem-diol of the trifluoroketone functionality. that is
as a compound of the formula Ib (set out hereinafter) for
substantially or essentially pure SSS diastereoisomer, or as a
compound of the formula Ic (set out hereinafter), or as a form vhich
incorporates a water moleoule ‘as part of the crystel lattice, or
mixtures of suth forms. The compounds of formula Ib or Ic may, for
example, be further hydrated.

It will be appreciated that the degree of hydrstion of a
diastereomerie mixture or substantially or essentially pure SSS
diastereoisomer may be expressed as a ratio of hydrate to ketone
forms. For example, an amorphous, non-crystalline diastereomeric
mixture of SSS and SSR forms has been isolated in which the ratio of
hydrated form to ketone form varies, for example, from about 30:70
(i.e. enriched in the ketone form) to about 95:5 or greater (i.e.
substantially or essentially in the hydrated form), including such
ratios._as_ahout 50:50 and about:-60140. - -Crystalline forms have, for
example, been obtained vhich have an SSS:SSR ratio of about 95:5
together vith a hydrate:ketone ratio of about 80:20 and which have an
§55:S5R ratio of about 65:35 or greater (such as 98.5:1.5) and are
substantially or essentially in ‘the hydrated form. . Crystalline
hydrates of substantially or essentially pure S§5 diastereoisomer
containing approximately 4.1X (w/w)-‘and 7.8% (w/v) of water have also
been obtained. Such particular £orms are further aspects of the
invention. It is to be further understood that the present invention
also eneompasses any ketal or hemiketal (or mixture thereof) of a
diastereomeric mixture or of a form of the §SS diastereoisomer, or of
a solvate thereof, referred to herein which is converted to the
gem-diol in vivo, for example by hydrolysis or enzymatie cleavage (and
vherein the residue is pharmeceutically acceptable). The present
invention also includes any tautomer or pro-drug of the SSS
diastereoisomer or a solvate thereof.
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It will be appreciated that the compound of formula Ib may

be referred to as the gem-diol form of the conpound of formula Ia or
" by the chemical name (8)- 1-[(S)-2-(na:hnxycarbunylamino)-3—

methylbutyryl)-N-{(S)-2-methyl-1-(2,2,2-trifluoro-1, 1-dihydroxyethyl)-
propyllpyrtolidine-z-ca:boxamide. It will also be appreciated that an
alternative name for the compound of formula Ia is methyl |
g-[(lg)-l-((2§)-2f[§¢((1§)-z#mathyllo(z;2,z-trifluoroacetyl)propyl)-
carbamoyl]pyrrolidine-i-ylcarbonyl)-2-nethy1propy1]carbanate and an
alternative name for the compound of formmla Ib is methyl
B-[((8)-1-({28)-2-]N-((8)-3,3,3-trifluoro-2,2-dihydroxy-1-
isopropylpropyl)carbanoylpyrralidin-l-yl-carbonyl)—2-uethylpropyl}-
carbamate. '

The melting point of crystalline SSS diastercoisomer
containing SSR diastereoisomer ggnerally depends on the level of SSR
diasteréoisomer ptesent and the level of solvation (hydration). It
may be determined by conventional procedures well known in the art,
for example, by differential scanning calorimetry (DSC).

Preferably the crystalline SS5 diasterecisomer is in a
hydrated form. For example, hydratad forms of the SSS diastereoisomer
have been found which have an advantageous property that they are
non-hygroscopic, for example Form A and Form B referred to
hereinafter. Thus a prefa:réd form of the $55 diastereoisomer is a
crystalline form containing less than 5% (preferably less than 3% and
aspecially less than %) of the SSR diastereoisomer and substantially
or essentially in a hydrated form. Such crystalline hydrated forms,
for example Porm A and Form B, have been found to possess good
bioavailability and good solubility in aqueous buffer, vhich are both
advantageous properties.

particularly pteferred crystalline form of the SSS
diastereoisomer of Eotnula 1, yhan it is snbstantially or essentially
pure and in a hydrated forn, has an x-ray powder diffraction pattern
including tvo major specific peaks at about 26 = 10.8 and 11.4°. This
form (herein referred to as Form A) contains approxiuately 4.1% water.
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The X-ray povder diffraction pattern also includes less relatively
intense specific peaks occurring at about 20 = 15 4, 16. 8, 18. 2, 18.6,
20.6, 21.6, 21.9, zz 8 and 25.0°." The X-ray pouder diffraction
spectrum (xDS) of a typical sample of this forn is shown in Figures 1
and 2 hereinafter, vhere Bigure 2 shous the less intense peaks on an
expanded scale. !urther physical data suggests that this crystalline
form is substantially or essentially in the form of the diol of
formula Ib.

A further preferred crystalline form of the sss _
diastereoisomer of formula I, vhen it is substantially or essentially
pure and in a hydrated form, has an X-ray powder diffraction pattern
including a major specific peek at about 20 = 7.2°. This form (herein
referred to as Form B) contains approxinately 7 82 w/v (for example
7.3-8.3% w/w) of water. The X-ray povder diffraction pattern also
includes less relatively intense specific ‘peaks occurring at about 26
= 7.4, 9.0, 10. 8, 11.3, 14. 5, 15.9, 17.8, 18.1, 19 7 and 22.5°. The
XDS of a typical sample of this form is shown in Figure 3 hereinafter.
Further physical data suggests that this crystalline form is
substantially or essentially the monohydrate of the diol of formula
Ib.

Vhen it is substantially or essentially pure and
substantially or essentially free of solvent (i e. in the "ketone'
form), the SSS diastereoisoner has an x-rey pouder diffraction pattern
including a major specific peak at about 20 = 12.1. This pattern also
includes less relatively intense peaks occurring at about 20 = 6.0,
16.8 and 17.7°. The XDS of a typical sanple of the 'ketone' form is
shown in Figure 4 hereinafter.

The X-ray powder diffraction spectra vere deternined, for
example, using Scintag XDS-2000 x-ray diffractoneter, vith an EC:G
solid-state photon detector, GLP Series (gernaniun) operated by a
Microvax computer and using the Diffraction Hanagenent System softvare
supplied by Scintag Inc., Sunnydale, California. USA. The X-ray tube
used vas a Cu K-alpha vith a uawelengrh of 1.5406A at 45KV and 40mA.
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The receiving slits vere set at 2 and 4 mm and the diverging slits set

at.0. 5 .and.0.2_mm with respect to the path of the incident beam. The

spectra vere obtained in the continuous scan mode with a chopper

increment of 0.02. Each sample was exposed at 1 degree 2-theta per

minute (running time vas 38 minutes) and collected from 2 to 40

degrees 2-theta; to produce a trace of spacings against intensity for
this range.

Por diffraction analysis the samples were packed into round
aluminium alloy sample pans with a diameter of 25mm and depth of 2mnm.
The powder sample vas placéd in the pan so that an amount in excess of
the pan volume was present and subsequently leveled to the pan rim
with a glass microscope slide. Silicon type-NBS 640b vas used as an
external standard. e
h | &

Alternatively a Siemens D5000 X-ray diffractometer was used,
recording the diffractogran in @ - @ mode over the range 2 to 40

degrees Z-theta vith 4 seconds exposure per 0.02° 28 increment.

" An infra-ved spectrum vas obtained for a typical sample
of Form A. The infra-red spectrum wvas obtained by the solvent cast
technique vell known in the art, from acetonitrile castings of a
sample onto a salt window for analysis by direct transmission. The
infra—red spectrun vas deternined over the vave ‘number range 4000 to
400 cm 1. The infra-red spectrum is shown in figure 5. The spectrum
of figure 5 includes sharp peaks at about 2968, 1762, 1721, 1690,

1632, 1525, 1447, 1207 and 1154 cm” ).

The infra-red spectrum vas also obtained for a typical
sahple.ni Form A using_a'Niqolet 20SXC FTIR spectrometer. The
spectrum vas obtained using a 2% dispersion of the sample in potassium
bromide. The infra-red spectrum is shown in Figure 6 hereinafter.
!he'spgctrun of Figure 6 includes sharp peaks at aboutr 3402, 3321,
3252, 3060, 2967, 2878, 1699, 1674, 1629, 1535, 1532, 1446, 1271,
1258, 1269, 1175, 1152, 1118, 1039, 1029, 1013& 1004, 635, 593 and- 567

cn'l. Using similar conditions, an infra-red spect:un was obtained
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for a typical sample of Form B. The infra-red spectrun is shown in
Figure 7 hereinafter. "The spectrun of rigure 7 inclndes sharp peaks
at about 3428, 3304, 2971 2875, ‘1708, 1682, 1637, 1556, 1518, 1470,
1449, 1428, 1316, 1310, 1277, 1265, 1236, 1196. 1175, 1144, 1120,
1081, 1036, 1005, 928, 818, 790 and 727 enl. Uaing similar
conditions, an infra-red spectruu vas obtained for a typical sample of
the S55 diastereoisomer in substantially the "Ketone" form. The
infra-red spectrum is shown in Figure 8. The spectrun of Figure 8
includes sharp peaks at about 3415, 3300, 2967, 2876, 1764, 1723,
1711, 1695, 1686, 1634, 1527, 1445, 1356, 1286, 1236, 1213, 1139,
1105, 1061, 1020, 774, 732 and 67ica” -1

It will be uhderetood that the 20 values of the X-ray powder
diffraction patterns and the vavelengths of the infra-red epectra may
vary slightly from one machine to another and so the values quoted are
not to be construed as abeolnte For example, the two najor ‘specific
peaks which occurred at about 29 = 10. 8 and 11. 4° for a typical sample
of Form A vhen a Scintag XDS-2000 X-ray diffractoneter vas used,
occurred at about 20 = 10.6 and 11.2° respectively vhen a Siemens
D5000 X-ray diffractometer was used (vith the Iess intense peaks also
occurring at a proportibnately lover relattve Ze'value)._

It will be appreciated that the hydrogen atoms of the
hydroxyl groups of the forns of fornula Ib or Ic (or a hydrate
thereof) are acidic and’ that such conpounds may therefore form :
crystalline pharuaceutically-aeceptable salts, u:ing conventinnal
procedures, for example with bases affordiug physiologically-
acceptable cations, for exanple alkali metal (such as sodium or
potassium), alkali ‘earth metal or organic amine ealts. The invention
therefore includes cryetalline pharmaceutieallybacceptable salts of
the forms of formula Ib and Ic or a hydrate thereof.

‘The various fotue of the conpound of foruula | referred to
above, or solvates (hydratee) thereof. may be obtained, for exauple,
by the following proceeses, uhich are further separate aspects of the
invention.
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A non-crystalline (amorphous) diastereomeric mixture of SSS
and SSR diastereoisomers may be obtained by oxidation of the compound
of formula II with a suitable oxidising agent.

A suitable oxidising. agent _is_one known in the art for the
conversion of a'hydroxy group into a ketone group. Suitable oxidising
agents and conditions include, for example, the use of oxalyl
chloride, dimethyl sulfoxide, and a tertiary amine; the use of acetic
anhydride and dimethyl sulfoxide; the use of chromium trioxide
pyridine complex in dichloromethane; the use of hypervalent iodine
reagent, such as 1,1,l-triacetoxy-2,1-benzoxidol-3(3H)-one with |
trifluoroacetic acid in dichloromethane; the use of excess
dimethylsiulphoxide and a water soluble carbodiimide in the presence of
dichloroacetic acid; or an alkaline aqueous alkali metal permanganate,
such as alkaline aqueous potassium permanganate or sodium permanganate
solution. Particularly suitable oxidising agents are the latter two
named, especially alkaline aqueous potassium or sodium permanganate

solution, for example a mixture of sodium hydroxide and potassium or
sodium permanganate.

The compound of formula II may be obtained, for example, as
shown—in-Schemes- 1-and--2, using-conventional procedures, or as
illustrated in the Examples. Steps (a) to (d) of Scheme 1 may be
carried out as described in US Patent 5,194,588 or European Patent
189305. Step (e) is carried out using conventional procedures for the
formation of a carbamate from a primary amine, for example using a
methyl halogenoformate, such as methyl chlorofotuatg. in the presence
of a suitable base such as triethylamine or N-methylmorpholime, and in
a suitable solvent or diluent, for example a chlorinated hydrocarbon
(such as dichloromethane or chloroform) or an ethereal solvent (such
as tetrahydrofuran or -dioxan),:and.at a temperature in the range of,
for example, ~10°C to 50°C, such as 0°C to 30°C. The reaction steps
of Scheme 2 include conventibnil steps of protection (step (10)),
deprotection or selective deprotection (steps (1), (3), (6), (8), (9)
and (12)), coupling (steps (4), (5), (13) and (14) and carbamate
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formation (steps (2), (7) and (11)) well known in the art.

It will be appreciated that diastereomeric mixtures of SSS
and RSS diastereoisomers and of SS§ and SRS diastereoisomers may be
obtained using analqggus procedures, with appropriate choice of L- or
DL-valine or prulinq,(qr_thg_p:otec;ed derivatives thereof) as
starting materials anﬂ n§1ng (25,3§)r3-aniho-6-mg:hy111,1,1-
trifluorb-!-pentanol.ét:the appropriate coupling steps.

Substantially or essentially pure SSS diastereoisomer may be
obtained, for examblé,_by oxidation of (§)-1-[(8)-2-
(methoxycarbonylamino)-3-methylbutyryl]-N-1(S)-2-methyl-1-( (R)-2,2,2-
trifluoro-1-hydroxyethyl)propyl]pyrrolidine-2-carboxamide (of formula

IIa) with a suitable oxidising agent, such as one of the oxidising
agents referred to above. The starting alcohol may be obtained as
shbwn_in Scheme 2.

Crystalline forms of the SSS diastereoisomer containing 35X
or less of the SSR dias:eréoisomet may be obtained from a -
non-crystalline (amorphous) diastereomeric mixture of the SSS and SSR
diasteroisomers, containing the SSS and SSR diastereoisomers in
approximately eqnal-a#ounts (i.e. a ratio of about 1:1, typically
53:47 or 47:53)'by crystallisa:ion_fron a suitable non-polar solvent,
such as a mixture of methyl tert-butyl ether and hexane, preferably
containing a small quantity of water and optionally containing a small
amount of hyd;oéhlq:ic acid, for example 0-0.2 mole equivalents of 362
w/v hydrochloric acid and 1-2.1 mole eqivalents of water. It is found
preferable tq.add.aqueoqsnhydtqchloric acid to the solvent of
crystallisation when a non-crystalline diastereomeric mixture of
S5S:SSR rato of 47:53 is used. To initiate crystallisation, seeding
vith crystalline SSS diastereoisomer 1s;pte£grred. The crystalline
producf is generally isolated as a mixture of hydrated and ketone
form, typically in a ratio of about 80:20 (hydrated:ketone) or _
greater. A hydrated fotn or a mixture of kgtqne-anﬂ hydrated forms
nay be converted to ;he;sgbstaptially or essentially *ketone” form by
drying in a vacuum oven (for ekample at about 50°C). However, such a
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ketone form is hygroscopic.

Substantially or essentially pure crystalline forms of the
§§5 diastereoisomer may be obtained by recrystallisation or repeated
recrystallisation of crystalline forms of the SSS diasteroisomer
containing SSR diastereoisomer. Solvents or mixtures of solvents
vhich may be used include, for example, butyl acetate, butyl
acetate/hexane,'acétone/iater, acetone/hexane, acetone/petroleum
fraction b.p. 100-120°C, 1 »2-dimethoxyethane/hexane,
1 Z-dinethnryethane/water/hexane. ethyl acetate/water/hexane, erhyl
acerate/hexane, wvater, dibu:ylether/hexane, dichloromethane/hexane,
1,z-dimethoxyethana/vater,_methanbl/tbluene, methyl tert-butyl
ether/hexane, isopropanol/hexane and tetrahydrofuran/hexane. To
obtain Form A, the first ten solvcnts or mixtures of solvents referred
to above are preferred. Vet ethyl acetate/hexane is particularly
useful to obtain Form A. Particularly useful solvents or mixtures of
solvents to obtain Form B are 1,2-dimethoxyethane/vater and
uater/uéthanol, although this form may also be obtained vhen ethyl
acetate/vater/hexane is used. Vhere hexane is referred to herein,
this includes isomers of hexane (such as iso-hexane) or mixtures
thereof.

Substantially or essentially pure crystalline forms of the
SSS diastereoisomer may also be obtained by crystallisation of
substantially or essentially pure SSS diastereocisomer isolated in a
non-crystalline form (for example by oxidation of the compound of
formula IXa), such as an oil, using similar solvents or mixtures of
solvents raferred to above. especially a mixture of ethyl écetate,
vater and hexane.

 Furthermore, Form A may also be obtained from Form B by
recrystallisation, for example as illustrated in Example 9. In
addition the crystalline "ketone" form (vhich is hygroscopic) may be.
obtained from Form A, for example, as illustrated in Example 10.

The preparation of a ketal or hemi-ketal from a ketone is
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3-Amino-4-methyl-1,1, l-trifluorooz-pentanol uay be obtained
as described in US Patent No. 4. 910,190 or as illustrated in the
Examples. ' ) '

A particularly advantageous procedure for the nanufacture of
(ZR,BS)-3-anino-4-nethyl-1 1, l-trifluoroozopentanol, vhith is a
further aspect of the present invention, conprises (as illustrated in
Scheme 3):

(1) reaction of (zn's'- 35R)-3-amino-4-methyl-1,1,1-trifluoro-2-
pentanol, or a salt thereof, with triphosgene or dimethyl carbonate in
the presence of a suitable base to give (6!3.58!)-6-isopropyl-5-
trifluoromethyloxazolidin-2-one;s followed by _
(2) reaction of (4RS, Ssn)-4-isopropyl-s-trifluoronethyloxazolidinp
2-one, or an alkali metal salt ‘thereéof, with (- )-nenthyl chloroformate
to give (4RS, SSR)-4oisopropyl-3-[(ln 3R,Q_)-3-gpnenthyloxycarbouyl]-
-trifluoromethyloxazolidin-2-one and separation of the
(4S,5R)- b-isopropyl-3-[(ln 3R,bS)-3-g_
menthyloxycarbonyl]- S-trifluoronethyloxazolidin—2-one isomer* followved
by
(3) hydrolysis of (4§, 55)-6-isopropyl-3-[13,33,48)-3-2r
menthyloxycarbonyl]- S-ttifluorouethyloxazolidin-2-one isomer under
basic conditions, to give (ZR,35)-3-anino-4-uethyl-1 1 l-trifluoro-lo
pentanol.

In Step (1), a suitable base is an aqueous alkali netal hydroxide, for
example sodium or potassiun hydtoxide. The reaction is generelly
carried out in a suitable inert solvent or diluent, fot example a
hydrocarbon such as toluene. ‘The reaction is exothermic and so the
reaction is generally_earried vith exterual cooling maintaining the
temperature at about 0°C to 50°c, for example at aboﬁt ambient
temperature. - - S

In step (2), the reaction is carried out in a suitable solvent or
diluent, for exanple an’ ethereal eolveut such as tetrahydrofuran.
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Conveniently the oxazolidinone is converted to its alkali metal salt,
for example using butyllithium at about -78°C, prior to addition of
the (-)-menthyl chloroformate. On ﬁork-up, the desired
(4S,5R)-isomer crystallises from the mixture of isomers and is
collected by filtration.

In step (3), suitable conditions include, for example, the use of an
aqueous solution of an alkali metal hydroxide (such as sodium or
potassium hydroxide) in an ethereal solvent or diluent, such as
dioxan, at a temperature in the range of, for example, 60-130°C (such
as 90-120°C). |

The u:ility of the compound of the invention'may be
demonstrated by standard tests and clinical studies, including those
described below. S
Inhibition Measurements:

The potency of the compound of the invention (or a
particular form thereof) to act as an inhibitor of human leukocyte
elastase (HLE) on the low molecular veight peptide substrate
methoxy-succinyl-alanyl-alanyl-prolyl-valine-p-nitroanilide is
determined as described in U.S. Patent 4,910,190. The potency of the
compound is evaluated by obtaining a kinetic determination of the
dissociation constant, Ki, of the complex formed from the interaction
of the inhibitor with HLE. The compound of Example 1 was found to
have a Ki of 36nlM. The compound of Example 2 was found to have a K
of 9 nM. : '

Acute Lung Injury Model:

Animal models of emphysema include intratracheal (i.t.)
administration of an elastolytic protease to cause a slowly _
progressive, destructive lesiori of the lung. These lesions are
normally evaluated a few veeks to a fev months after the initial
insult. However, these proteases also induce a lesion that is evident
in the first fev hours. The early lesidn'is first hemorrhagic,
progresses to an inflammatory lesion by the end of the first 24 hours
and resolves in the first week pbét insult. To take advantage of this
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early lesion, the £ollowing model may be used. _

Hamsters are first 1ightly anesthetized with Brevital.
Phosphate buffered saline (PBS) PH 7.4, either alone or. containing
human leukocyte elastase (HLE), is then administered directly into the
trachea. Twenty-four hours later the animals are killed and the lungs
removed and carefully trimmed of extraneous tissue. Following
determination of wet lung veight, the lungs are lavaged with PBS and
total lavagable red and vhite cells recovered are determined. The
values for vet lung_vei;hts. total lavagable red_telle_and total
lavagable uhite cells are elevated in a dose-dependent manner
following administration of HLE. COnpounds that are effective
elastase inhibitors can prevent or diminish the severity of the
enzyme-induced lesion resulting in lover wet lung weight and reduced
values for total 1avageb1e cells, both red and white, relative to
administration of HLE alone. Compounds can be evaluated by
administering them intratracheally as solutions or suspeneions in PBS,
either vith or at various times prior to the HLE challenge (400 ug),
or by dosing then intrevenouely or orally as solutions at various
times prior to the HLE challenge (100 ug) to determine their utility
in preventing an HLE lesion. A solution of the compound of the
invention (or a particular form thereof) may be conveniently prepared
using 10% polyethylene glyeol 400/PBS.

--AeutemHemorrhggic“Assez:

This assay relies on monitoring only the amount of
hemorrhage in the lung following intratracheal administration of human
neutrophil elastase (HNE). Hemorrhage is quantified by disrupting
erythrocytes recovered in lung lavage fluid and eonpering that to
dilutions of'uhole hanster blood. The screening protocol, similar to
that described in rletcher et al., Anerican Review of Respiratory
Disease (1990), 141, 672-677, is as follows.. Compounds demonstrated
to be HNE inhibitors in ritro are conveniently prepared for dosing as
described above for the Acute Lung Injury Nodel, HMale Syrian hamsters
(fasted for 16-18 hours prior to use) are lightly anaesthetised vith
Brevital sodiun (30 ng/kg i.p.). The tonpounde.ere then dosed
intravenously or orally to the hamsters at a fixed time, such as 30 or
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90 min, prior to intratracheal administration of 50 ug/animal of HNE
in 300 uL phosphate buffered saline (PBS) pH'7.4. Pour hours after
enzyme_administration, the animals are killed vith an overdose of
pentobarbital sodium, the thorax opened and the lungs and heart
removed and the lungs cleared of extraneous material. The excised
lungs are lavaged with three changes of 2 ml PBS via a tracheal
cannula. The tacoﬁe:ed lavages are pooled, the volumes (about 5 mL)
are recorded and the iavages stored at 4 °C until assayed. For
calculation of the amount of blood in each sample, the thawved lavages
and a sample of whole hamster blood are sonicated to disrupt
erythrocytes and appropriately diluted into individual vells of a
96-vell microtiter plate. The optical densities (OD) of the disrupted
lavages and blood samples are determined at 540 nm. The
(ul-blood..equivalents) / (nLglavagg) are determined by éonparing the
OD of the test samples vith the OD of the standard curve prepared from
vhole hamster blood. The total ul equivalents of blood recovered is
‘determined by multiplying recovered lavage volume by the

(uL blood equivalents) / (mL lavage) for each sample. Results are
reported as % inhibition of HNE-induced hénnrrhage'vith respect to PBS
treated controls vhen the test compound is given at a specified dose
and time prior to administration of HNE. The EDso for the compound of
Example 1 vas found to be 4.5 mg/kg aftet oral dosing. The Enso for

the compound of Example 2 vas found to be 1.9 mg/kg after oral dosing
and 0.6 mg/kg after i.v. administration.

'No overt toxicity was observed vhen the compound of the
invention vas administered in the above in vivo tests.

It will be appreciated that the implications of a compound’s
activity in the Acute Lung Injuty ‘Model or Acute Hemorrhagic Assay are
not limited to emphysema, but, rathe:, that the test provides evidence
of general in vivo inhibition of HLE.

According to a further feature_af the invention, there is
provided a pha:uaceatiCal coupoaition comprising a pharmaceutically
éffective amount of the compound of the invention (or a particular
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form thereof), or a solvate thereof and a phatnnceutically ecceptable
diluent or carrier. Ae noted above anocher feature .of the invention
is a method of using the compound of the invention {or a particular
form thereof), or a solvate tnereoﬁ, in the trentment of a disease or
condition in a'namnai. eepecielli a hunnn; in vhich'HLB is implicated,
such as those referred to hereinbefore, and partieularly acute and
chronic bronchitis, pulnonary enphyse-a, reperfusion fnjury, adult

-—-respiratory-distress syndrome, cystic fibrosis, or peripheral vascular
disease (such as critical limb ischeeni; or intermittent
claudication). ' I '

The conponnd of the present invention (or a particular form

thereof) may be administered to a verm-blooded animal, particularly a
human, in need thereof for treatment oi a disease in vhich HLE is
implicated, in the form of a conventionel pharnacentical composition,
for example as generally disclosed in U. .S. Patent 4,910,190. One mode
of administration may be_via.a_poudered or liquid-aerosol._ In a
povdered aerosol, the conpound of the invention (or a particular form
'thereof) may be adniniste:ed in tho Same-manrner- as-cromolyn-sodium -via

'Spinhaler' (a trademark) turbo—inhaler device obtained from Fisons
Corp. of Bedford, Hassachusets at a rat2 of about 0.1 to 50 mg per
capsule, 1 to 8 cnpsules being adninistered daily for an average
human. Each capsule to be used in the turbo-inhaler contains the
required amount of the compound of the invention (or the particular
form thereof) with the renainder of the 20 mg capsule being a
pharnaceutically acceptable carrier such as lactose._ In a liguid
aerosol, the compound of the invention (or a patticular forn thereof)
may be administered ueing a nebulizer such as, for exanple. a ’Retec’
(trademark) nebulizer, in vhich the solnrion is nebulized vith
compressed air. The aerosol may be adninietered. for exanple, at the
rate of one to about eight ‘times per day as follovs. A pebulizer is
filled with a solution of the conpound (or a particular form thereof),
for example 3.5 mL of solution containing 10 -gInL; the solution in
the nebulizer is nebulized with conpreleed air; and the patient
breathes nornnlly (tidal volune) for eight ninutes Hith the nehulizer
in his mouth.
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Alternatively, the mode of adminstration may bé'parenteral,
including subcutaneous deposit by means of-én-osnoticnpuupnor;'
preferably, oral. The compound of the invention (or a particular form
thereof) may be conventionally formulated in an oral or parenteral
dosage form by compounding about 10 to 250 mg per'unit of dosage with
conventional vehicle, excipient, binder, preservative, stabilizer,
flavor or the like as called for by accepted pharmaceutical practice,
e.g. as describcd in U.S. Patent 3,755.346. For parenteral
administration, a 1 to 10 mL intravenous, intramuscular or
subcutaneous injection would be'given containing about 0.02 mg to 10
mg/kg of body veight of the compound of the invention (or a particular
form- thereof)- 3- or -4 times..daily. . The injecrion would contain the
compound of the invention (or a particular form thereof) in an aqueous
isotonic sterile solution or snspénSion'optionally wvith a preservative
such ‘as phendl or a solubilizing agent such as
ethylenediaminetetraacetic acid (EDTA). For parenteral administration
or use in an aerosol, an aqueous formulation may be prepared,'fo:
example, by dissolving the compound (or a particular form thereof) in
5-10% polyethylene-glycol - 400/phosphate. buffered saline, followed by _
aseptic filtration, and sterile storage using standard procedures.

~ In general, the compound of the invention (or a particular
form thereof) will be administered to humans at a daily dose in the
range of, for example, S to 100 mg of the compound (or a particular
form thereof) by aerosol or 50 to 1000 mg intravenously or ordlly, or
a combination thereof. Hovever, it readily will be understood that it
may be necessary to vary the dose of the compound (or a particular
form thereof) adminstered in accordance with well known medical
practice to take account of the nature and severity of the disease
under treatment, comcurrent thefapy;'and'the age, weight and sex of
the patient receiving treatment. It similarly will be understood that
generally equivalent amounts of a solvated (for example, hydrated)
form of the compourid also may be used. Protocols for the
administration of an HLE irhibitor and evaluation of the patients are
described in the European Patent Applications vith Publication Numbers
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438535, 458536, 458537, .and 463811. for.the treatment.or-prevention of

~ cystic fihrosis, ARDS, bronchitis, and hemorrhage associated with
acute non-lynphocytic lenkenia or its therapy, respectively, and the
compound of the invention (or a particular form thereof) may be used
similarly, or preferably used by oral adninistratioa, for the
treatment of those diseases and conditions either alone or in
combination vith another ‘therapeutic agent customarily indicated for
the treatment of the particular condition. For therapeutic or
prophylactic treatment of a vascular disease or related condition in a
mammal in vhich neutrophils are involved or implicated, a compound of
the invention (or a particular form thereof) may conveniently be
administered by an oral 0T parenteral route, either alone or
sinultaneously or sequentially vith other therapeutically active
agents customarily administered for the condition. The utility of the
compound of the invention (or a particuler form thereof) in such
_treatment of vascular diseases and related conditions may be
demonstrated using the procedures described in International Patent
Application, Publication No. W0 92/22309.

The various aspects of the invention will nov be illustrated
by the following non-liniting examples in which, unless stated
othervise: L
(1) tonperatures are given in degrees Celsius (°C);
operations vere carried out at room or ambient temperature, that is,
at a tenperature in the range of 18-25 °C; _

(41) organic solutions vere dried over anhydrous magnesium
sulfate; evaporation of solvent vas carried out using a_rotary
evaporator under reduted pressure (600-4000 pascals; 4.5-30 mm Hg)
vith a bath temperature of up to 60 °C; -

(111) chronotography means ‘flash ehronatography' (nethod
of Still) carried out on Merck Kieselgel (Art 9385 from E. NMerck,
Darnstadt. Gernany), elution ‘using both step and ramp gradients is
denoted by the parenthetical tern gradient' folloved by the initial
and final solvent ratios; thin layer chomatography (TLC) vas carried
out on silica platos, for example 0.25 mm silica gel GHLF plates (Art
21521 from Analtech, Newark, DE, USA),
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(1iv) in general, the course of reactions was followed hy'
TLC and reaction times are given for illustration only;

(v) melting points are uncorrected and (dec) indicates
decomposition; the melting points given are those obtained for the
materials prepared as described, polymorphism may result in isolation
of materials with different melting points in some preparations;

(vi) £inal ptoducts had satisfactory nuclear magnetic
resonance (NMR) spectra; and, where examined, vere substantially pure
by HPLC;

(vii) yields are given for illustration only and are not
necessarily those which moy be obtained by diligent process
development; preparations were repeated if more material was required;

(viii) vhen given, NMR data is in the form of delta values
for major diagnostic protons, givon in parts per million (ppm)
relative to tetramethylsilaue (IMS) as an internal standard,
determined at 250 MHz usiug DHSO-d6 as solvent; conventional
abbreviations for signal shape are used; for AB spectra the directly
observed shifts are reported'

' (ix) chemical symbols have their usual meanings; SI units
and symbols are used; _

(x) reduced pressures are given as absolute pressures in
pascals (Pa); elevated pressures are givon as gauge pressures in bars;

(x1) solvent ratios are given in volume:volume (v/v)
terms; _ _

(xii) mass spectra (HS)'wote run with an electron energy of
70 electron volts in the chemical ionizaton mode using a direct
exposure probe; vhere indicatod ionization vas effected by electron
impact (EI) or fast atom bonbardnent (FAB); generally, only peaks
vhich indicate the parent mass ‘are reported; and

(xiii) HPLC wvas used to establish the ratio of §8S:SSR
diastereoisomers of formula I in isolated material, using a SUPELCO
LC-18 reversed-phase, 25cm x 4. 6o column and vater:acetonitrile _
(70:30) as eluant. The !low rate vas 1.0ml/min, the injection volume
vas 20ul by valve and the deteotlon vaselength vas 205nm. The
retention time for the $SS diastereisomer vas about 9.9 minutes and
that for the SSR diastgrgoiaone: dqs about 11.7 minutes.
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Example 1

1- (3-Dimethylaminopropyl) 3-ethy1cerbodiinide hydrochloride
(1.84 g) vas added to a solution of (S) -1~ [(S)-2-
(methoxycarbonyluino) -3-uethy1butyryl] -N- {z-uethyl- 1-
(2,2,2-trifluoro-1 -hydroxyethyl)propyl]pyr:olidine-z-carboxamide (0.41
g) dissolved in dinethylsulphoxide (nuso; 5 nl) and toluene (5 ml),
followed by dropvise eddition of dichloroacetic acid (0.32 ml). The

' resulting solution vas allowed to stir at 20°C. fot ‘2. hours.--The

solution was then poured into ethyl acetate (200 nl) and vashed
successively with 1M hydrochloric acid, ‘vater and brine. The organic
solution vas dried (ugso,.) and concentrated under vacuum. The residue
vas purified by flash chtmtography (gredient elution;
methanol.methylene chlotide, 3:97 to S5: 95) to give
(8)-1-{(8)~-2- (methoxycarbouylanino) -3-uethylbutytyl] -N- [z-nethyl- 1=
(2,2 2-trifluoroacetyl)propyl]pytrolidine-z-catboxamide {0.27 g) es a
vhite foam (as a mixture of ketone and hydrated fom); TLC, nf-o N
(methanol:dichloromethane, 2.5:97.5); 'H MR (nuso/ozo)s 4.44 (m, 1H),
4.00 (m, 28H), 3.72 (m, 1H), 3.51 (m, 4H), 202-1.75 (m, 6H), 0.95-0.78
(m, 12H); Analysis for cmuzsran:,os.o 31!20. Calculateds C, 50.42; H,
6.72; N, 9.80; Found: C, 50 31; H, 6.28; N, 9. _5_6. _

The starting materiel (_) 1-l(S)-z-(-ethoxycarbonylanino)-3-
methylbutytyl] -N-{ z-methyl-l- (2,2,2-trifluoro- I-hydroxyethyl)propyll -
pytrolidine-z-carboxanide was obtained as £ollous.

Methyl chlorofornate (0. 12 nl) vas added to a solution of

"""(2RS,3SR)- L-valyl-!l-[3- 6-nethy1—1 1, l-trifluoro-Z-hydroxypentyl)]-

" Leprolinimide (obtained as described in Us patent 5,194,588) (0.5 g)
and t:iethylanine (0.57 ul) in dichloronethane (13 6 ml) at 0°C. The
solution was ellowed to stir £or 0.5 hours, and then poured into ethyl
acetate (100 ml). The organic solution vas vuhod successively with
saturated aqueous sodium bicarhonete solution, uater ‘and brine. The
solution was dried (ngso,.) and concenttated under vacuunm. the residue
was purified by flash chtouetognphy (gradient elutiou;
methanol: methylene chloride, 5395 to 7:93) to givo
(8)-1~-[(8S)-2- (nethoxycarhonylanino)-3-uethy1butytyl] -N- [z-nthyl-l-
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(2,2,2-trifluoro-1-hydroxyethyl)propyl] pyrrolidine-2-carboxamide
(0.51 g); TLC, Rg=0.2 (methanol:methylene chloride, 5:95); HS:
n/z=426(H+1). ' '

Example 2 _ _

A_soldtion of potagiiun permanganate (16.6 g) in water (100
nl) vas added dropuise to a 0°C solution of (§)-1-[(§)~2-
(methoxycarbonylamino)-3-methylbutyryl] -N-{ (S)-2-methyl-1-
((5)-2,2,Z-trifluoro-l-hydroxyethyl)propyljpyrtol1dine-2-carboxamide
{15 g) in rert-butyl alcohol (175 ml), water (100 ml), and 0.6 M
sodium hydroxide solution (175 ml); The solution was stirred for 2
hours and then quenched by addition of methanol (70 ml), followed by
stirring for 1 hour. The mixture vas filtered through diatomaceous
earth and the filtrate made acidic to pH 2 using 1M hydrochloric acid,
and saturated vith sodium chloride. The product vas extracted into
ether (5 X 100 ml) and the #olvent removed under vacuum. The
resulting 0il was chtonatogtaphed (methanol: dichloromethane 5: 95) and
the solvent removed to give an oil. Hexane (40 ml) wvas added to a
stirred solution of the oil in ethyl acetate (which had been
presaturated with water) (40 ml) and stirring vas continued for 24
hours over vhich time a crystaliine solid formed. Another portion of
hexane (40 ml) was added and the solid vas collected and dried under
‘vacuum (40°C) to give (S)-1-{(S)-2-(methoxycarbonylamino)-3-
nethyibutyryl]-ﬂ-[(S)-Z-uethyl-i'(2 2,2-trifluoroacetyl)propyl}-
pyrrolidine-2-carboxamide (9.45 g) as a vhite crystalline solid (as
substantially or essentially Fbtu A); H NMR (300 MHz, DMS0/D,0): 4.42
{m, 1H) 4.02 (d, 1H), 3.73 (m, 1H), 3.59 (m, 1H), 3.54 (s, 3H), 2.23
(m, 1H), 2.00-1.76 (u, 6H), 0.91 (m, 6H), 0.85 (d, 3H), 0.80 (d, 3H);
Analysis for C 8528!5“305'"20‘ Calculated; C, 48.97; H, 6.85; N, 9.51;
Found: €, 49.02, H, 6.80; N, 9.66; (XDS shown in figure 1).

The starting na:erial (S)- 1-[(S) 2-(mathoxycarbonyianino) -3~
uethylbutyryl]-N—{(S)-Z-nethyl-l-((R)—z 2,2-trifluoro-1-
hydroxyethyl)propyi|pyrrolidipe-zfcarboxanide vas obtained as follows:

() Nh[(Phenylmethoxy)carboﬁyl]-L-valyl-L-proline tert-butyl
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ester (905 g) was dissolved in ethanol (6 litres) and 1oz palladium on
carbon (20 g) vas added. The reaction mixture vas shaken under a
hydrogen atmosphere (50psi) for 12 hours and then the catalyat vas
removed by filtration through through diatomaceous earth. The
filtrate wvas concentrated under vacuum and the residue twice
re-evaporated” £rom toluene (1 litre) to give L-Velyl-L-Proline
tert-butyl ester as an oil (628 g)s TLC, nf-o .2, ecetone:hexane
{20:80); AS: n/z-Z7l(B+l)

(11) A solution of sodium carbodate'(Ilo 5 g) in vater (1.5
litres) and L-Valyl-L-Proline tert-butyl ester in tetrahydrofuran
(THF; 1 litre) wvere combined and cooled to o'c. The mixture vas
diluted with ether (400 nl) ‘and methyl chloroforuate (39 4 g) vas
added dropwise. The reaction nixture vas then alloued to varm ambient
temperature over 2 hours. 'The layers uere separated and the organic
phase vas vashed twice vith 1M hydrochlorit acid, followed by
saturated agueous sodiun bicarbonate solution and brine. The aqueous
phase vas extracted with ether. All organic phasee were combined and
dried (ngsoa) and the solvent renoved to give _
N-(nethoxycarbonyl)-vaalyl-L-proline tert-butyl ester (125 9 g);

NMR (360 MHz, DHSO/dﬁ-trifluoroacetic atid) 4.23 (dd, 13), 4.06 (d.
1), 3.78 (m, 1H), 3. 57 (n, 1H), 3.55 (s, 3n), 2. 16 (m, 1H), 1.95 (m,
3H), 1. 80 (m, 1H), 1. 42 (s, 9H), 0.94 (n! 6H); MS: n/z=329 (H+1).

(1i1) To a solution of N-[methoxycarbonyl]-L—valyl-L-proline _
tert-butyl ester (813 g) in toluene (3 litres) vas added Auberlyst-ls
ion exchange resin (190 g). The reaction was heated at 1zo°c to
distill off water preeent in the resin via a uaterltoluene azeotrope.
Approximately 400 ml of distillate 9ac collected. Heating vas then
continued at reflux for 1.5 hours. the reaction vas cooled to 60°C
and the resin was removed by filtration. ~The filtrate vas extracted
with 1M NaOH (2. 5 litres) followed by saturated aqueoue sodium
bicarbonate solution. The combined basit eztracts vere extracted with
a mixture of THF/ethyl acetate (1:1, 1 litre), and then cooled in an
ice bath. The aqueous solution vas made acidic to pﬂ 1.5 using cold
3¥ hydrocloric acid (1 litre) and extracted twice uith anlethyl
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acetate (1:1, 1.5 litres and 1 litre). The extracts were combined and
vashed with brine, dried (ugso‘), and the solveh; removed by
evaporation. The resulting material vas dissolved in ether (1 litre)
and alloved to crystallize at 0°C over 48 hours. The resulting solid
vas collected by filtration, washed vith cold ether and dried under
vacuum to give N;[methoxyta:bouyil-L-valleLpproline (373 g); IH NMR
(300 MHz, DMSO) 12.4 (s, 1H), 7.37 (d, 1H), 4.25 (dd, 1H), .00 (t,
18), 3.79 (m, 1H), 3.55 (m, 1H), 3.51 (s, 3H), 2.11 (m, 1H), 1.85 (m,
4H), 0.91 (d, 3H), 0.87 (d, 3H); MS m/z«273 (H+l).

(iv) ~ N-Methylmorpholine (8.5 ml) vas added to a solution of
N-(methoxycarbunyl)-L-valyl-L-p:bline (12.5 g) in THF (150 ml) and the
solution vas cooled to -15°C in an ice/acetone bath.
Isobutyl chloroformate (6.6 ml) vas added dropwise and the mixture vas
stirred for 1 hour. A second portion of N-methylmorpholine (8.5 ml)

~ vas added, followed by (2R,38)-3-amino-4-methyl-1,1, 1-trifluoro-2-
pentanol hemioxalate salt (10 g). The reaction mixture vas then
alloved to stir for 12 hours vhile alloving to warm to ambient
temperature. The reaction mixture was diluted with ether (500 ml) and
vashed successively vith saturated aqueous sodium bicarbonate
solution, 1M HCl and brine. The aqueous layers vere extracted with
ether and all organic phases vere combined and dried (4gso,) . The
solution vas filtered and the solvent removed by evaporation. The
resulting material vas filtered through silica gel using ether as the
eluant. The ether fractions containihg the product were combined and
the solvent removed by evaporation. The'product vas dried under
vacuum to give (§)-1-((§)f2-(nethoxycarbonylanino)-3-methylbuty:yl]-
N-[(S)-2-methyl-1-(R)-(2,2,2-trifluoro-1-hydroxyethyl)propyl]-
pyrrolidine-z-carbdxamidé (16.1 g); 1y NMR (300 MHz, DMSO): 7.61 (d,
18), 7.28 (d, 1H), 6.4% (d, 1H), 4.46 (m, 1H), 4.05 (m, 1H), 3.98 (m,
18), 3.75 (m, 28), 3.55 (m, 1H), 3.50 (s, 3H), 1.83 (m, 6H), 0.90 (d,
3H), 0.86 (d, 3H); MS: m/z=426. |

(2B,3§)-3-amtno-d-methyl-1,1,1-trifluoro-2-
pen;andl hemioxalate salt, used in step (iv), vas obtained as
follovs: -
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(i) Triphosgene (23 g) vas added in one portion to a uell
stirred mixture of (235 333) 3-anino-4-methyl-1 L, l-trifluoro-z-
pentanol hemioxalate salt (50 g) in toluene (250 nl) and ZH sodium
hydroxide solution (350 nl) 'The reaction bcgan to exotherm and vas
placed in an ice bath. After 0 5 hour the reaction vas varmed to 25°C
and TLC indicated a suhstantial anount of unrescted amine present.

The pH of the solution vas readjusted to about 12 using 502 sodium
hydroxide solution. An additional portion of triphosgene (8 g) vas
added and the solution was stirred for 1 hour. The pil of the reaction
mixture vas lovered to pH 7 using lH hydrochloric acid ‘and extracted
tvice with ether. The combined ether layers vere wsshed vith water,
brine and dried (Hgso‘) The solvent vas renoved by evaporation to.
give an oil, vhich crystallized upon standing. The resulting solid
vas collected by filtration and washed vith ether:hexane (1:1) to give
27 g of (ARS) S58R)- 4-isopropy1—5-trifluoronothylotazolidin-z-one as a
vhite solid, m.p. 71-72°C; 'E NMR (300 MHz, DHSO): 8.45 (s, 18), 5.11
(m, 1H), 3.61 (m, IB), 1.72 (m, 15). 0.86 (d 6H).

(i1) n-Butyllithiun (20 ml of a'1on solution in hexane) vas added
to a solution of (4RS), SSR)-a-isopropyi S-trifluoronethyl-
oxazolidin-2-one (35.8 g) in’ THF (600 al) at -78'C. followed by
stirring for 0.5 hours. (- )-Henthyl chlorofornate (41 m1, freshly
distilled) vas added folloued by continuation of stirring at -78°C for
0.5 hours. The solution was vatmed to 25°c and the reaction quenched
by addition of saturated aqueous sodium bicarbonate solution. The
product wvas extracted into ether and vashed uith vater and brine. The
solution vas dried (ugsok) and the solvent renoved under vacuum. The
resulting oil crystallized upon standing to give a solid uhith vas
collected by filtration. The solid vas usshed vith ether.hexane (1:1)
and dried to give (68 58) 6-isopropy1-3-[(1!,3!,63)-3-23
nenthyloxycarbonyl]-S-trifluoronethyloxazolidin-z-one (23.15 g); a.p.
138-140°C; 1y v (300 MHz, DMSO) : 5.31 (dd, 1H), 4.68 (m, 1H), 4.26
(m, 18), 2.27 (m, 1H), 1.9% (d, lﬂ), 1.78 (m, 1), 1 62 (d, 2H), 1.42
(m, 2H), 1.01 (dd, 2H), 0.95-0.84 (m, 24H), 0.71 (d, 3H); ‘mom
(376.5 MHz,DMSO): -76.9910; 99% d.e. (A further crop of 4.3 g (99%
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d.e.) vas obtained from the mother liqﬁor). [Note: the (4R,5S) isomer

(111) A solution of (4§,5R)-4-isopropyl-3-{(IR,3R,4§)-3-p=
menthyloxycarbonyl]-5-trifluoromethyloxazolidin-2-one (27 g) in
dioxane (70 ml) and 50% potassium hydroxide solution (80 ml) was
heated at 100°C for 2 days. The reaction was cooled, diluted with
ether (400 ml) and the organic layer separated. The pH of the aqueous
solution vas adjusted to 9 (originally about 14) using 6M
hydrochloric acid. The aqueous layer was extracted 3 times with ether
(300 ml). The organic phases were combined, dried (ngsoi), and added
to a well stirred solution of oxalic acid dihydrate (4.5 g) in
acetonitrile (100 ml). The solid which precipitated

vas collected by filtration, washed with ether, and dried under vacuum
(60°C) to give 15.9 g of white solid. The solid vas triturated with
ether (300 ml), collected by filtration and dried to give
(2R,38)-3-amino-4-methyl-1,1,1-trifluoro-2-pentanol isolated as its
hemioxalate salt (13.4 g, 88% yield) as a vhite solid, m.p. 184-186°C;
g mer (300 MBz, DMSO) : 5.71 (bs, 3H), 4.08 (ddd, 1R), 2.88 (m, 1H),
1.81 (a, 1H), 0.92 (m, 6H); Analysis for CH,,F3N0.0.5C,H,0,: C,
38.89; H, 6.06; N, 6.48; Found: C, 38.75; H, 5.95; N, 6.47.

(2§§,3§§)-3~Anino-4-nethy1-1,l,l-trifluotn-z-pentanol used
in step (i) vas obtained as described in US patent 4,910,190.

Example 3 : :
Using a similar oxidation procedure to that described in

Example 2, but using (S)-1-[(S)-2-(methoxycarbonylamino)-3-
uethylbutyryl]-!-[Z-nethyl-le(z,z,Z-trifluoro-l-hydroxyethyi)propyl]-
pyrrolidine-2-carboxamide and adding the. potassium permanganate
solution at 5-10°C and then stirring at 10°C for one hour prior to
treatment with methancl, there was obtained (after vork-up by
extration into tert-butyl methyl ether, followed by washing with brine
and concentration in vacuo) (§)-1-[(S)-2-(methoxycarbonylamino})-3-
methylbutyryl}]-N-[2-methyl-1-(2,2,2-trifluoroacetyl)propyl]-
pyrrolidine-2-carboxamide as a- gum (in 75% yield); SSS:SSR ratio of
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53:47; hydrate:ketone 1:1; 'H NMR similar to that of the product of
Example 1. (Using a similar procedure, but adding the potassium
permanganate solution at ambient temperature instead of 5-10°C, the
‘product vas obtained in a ratio of §SS:SSR of 47:53.]

. The starting material (§)-1-[(§)-2-(methoxycarbonylamino)-
3-methylbutyryl) -N-{2-methyl-1-(2,2,2-trifluoro-1-hydroxyethyl)-
ptopyl)pyrroliding-z—caiboxalide vas obtiined as an oil (in 55% yield)
using an analogous procedure to thatide§ctibed in Example 2, part
(iv), but using 3-am1no-4-methy1-l.l,l;triflubro-z-pentanol (as a
mixture of diastereoisomers), itself obtained as described in USP
4,910,190 or as follows: - ' '

(1) A solution of urea (72 g) in DMF (810 ml) was added to
sodium nitrite (90 g), stirred for 10 minutes and then cooled to 15°C.
Isobutyl iodide (97.2 ml) vas added over 30 minutes and the reaction
mixture allowed to stir at ambient temperature for 20 hours. The
mixture vas re-cooled to 15°C and water (810 ml) was added slowly.

The mixture vas was stirred for 5 minutes at ambient temperature and
then extracted tvice with methyl tert-butyl ether. The combined
organic extracts were washed twice with 20% aquéous sodium |
thicsulphate solution and concentrated under vacuum to give
2-methyl-l-nitropropane (39 g), vhich vas used vithout further
purification. o - ' h

(1) 3A Molecular sieves (27.04 g) were heated at 120°C under
vacuum for 20 hours and added to a solution of 2-methyl-l-nitropropane
(13.0 g) in methyl tert-butyl ether (420 ml). The mixture was stirred
for 5 minutes, potassium carbonate (64.5 g) added_and the mixture
stirred a further 30 minutes. The mixture vas cooled to 15°C and
fluoral hydrate (22.0 g) vas added over 30 minutes. - The reaction
mixture was stirred at ambient temperature for 16 hours, then cooled
to 15°C and vater (270 ml) added. After stirring for 5 minutes at
ambient temperature, the organic phase wvas icbarlted_and vashed with
102 aqueous: potassium carbonate, 24 hyitochlotic acid solution and
vater. Solvent vas then removed by evaporation under reduced pressure
at a temperature belov 40°C and the oil azeotroped dry with isopropyl
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alcohol at a temperature belov 50°C to give 4~methyl-3-nitro-1,1,1-
trifluoro-2-pentanol (21.3 g)_as:an oil, vhich was used without
further purification.

(iii) A solution of 4-methyl-3-nitro-1,1,l-trifluorc-2-pentanol
(17.1 g) in isopropanol (115 ml) and acetic acid (0.43 ml) vas .
hydrogenated over 10% palladium on carbon (2.4 g) at 3.5 bar pressure
until uptake of hydrogen ﬁaﬁ complete. The catalyst vas removed by
filtration through diatonaceqﬁs'earth and the filter cake vashed with
isopropanol. The filtrate vas evaporated under vacuum until no
further isopropanol distilled and the residue dissolved in
acetonitrile (40 ml). A solution of oxalic acid (3.94 g) in
acetonitrile (80 ml) was added with stirring and the mixture cooled to
5°C. The product which c:ystallised uis collected by filrration,
vashed vith cold acetonitrile and dried at 50°C to give
3-anino-4-methy1-1 1, l-trifluoro-z-pentanol as its oxalate salt (9.08
g

Example &
Hexane (13 ml) vas added to a solution of (S)-1-[(S)-2-

(methoxycarbonylanino)-3-n¢thy1butyry1]-N-[Z-uethyl-l-

(2,2, Z-trifluoroacetyl)propyl]pyrrolidine-2-catboxanide {0.85 g3
SSS:SSR 53:47; hydra;e:ketone_l I) in trert-butyl methyilether (8.5 ml)---
until cloudiness persisted. The~ solutibh .vas then varmed to give a -
clear solution, seeded with substantially pure crystalline SS§™ -
diastereoisomer and allowed to stand. A vhite solid crystallised
vhich was collected by £11tration to give
(Sl-l-[j_)-2e(nethnxycarbonylanino)-3-nethy1buxyry1]-N-[1_)-
2-methyl-1-(2,2 z-triflunroacetyl)propyl]-pytrolidine-z-carhoxanide as
a crystalline solid in 302 yield, §§S:SSR 95:5; hydrate:ketone 80:20;
MMR similar to that of the product of Exanple 2.

Example 5 | L |
- Using a similar procedure to that described in Example &,
but starting vith a diastereomeric mixture of SSS:SSR 53:47 (1.73 g)
and hydrate:ketone 95:5, but adding 36% w/w hydrochloric acid (0.06 -
ml) and vater (0.04 ml) to the crystallisation solvent prior to the
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addition of the hexane, crystalline sss diastereisomer vas obtained in
22% yield with $5S:SSR 98 5:1.5 and substantially or essentially in a
hydrate form.

Example 6 _
: Using a similar procedure to that'descrihed in Example 5,
but excluding the hydrochloric acid a crystalline diasteteometic
mixture was obtained with SSS:SSR 65:35 and suhstantially or
essentially in a hydrate form.

Example 7 .

Using a similar procedure to that described in Example 5,
but starting with a diastersomeric mixtura of S5S:SSR 47:53 and
hydrate-ketone 60:40, crystalline SSS diastereoisomer vas obtained in
18% yield with SSS:SSR 98.5:1. 5 and substantially or essentially in
a hydrate form.

Example 8
The product of " Example 2 (Sg) was dissolved in

1,2-dimethoxyethane (DHE; 6ml) with slight varming. Vater (Sml) vas
carefully added to the solution to give a clear solution. The
solution vas alloved to cool to ambient temperature. seeded with
substantially pure crystalline §s§ diastereoisonar and alloved to
stand for 16 hours. The crystalline sass vhich ‘had formed in the
bottom of the vessel was carefully broken up and collected by vacuum
filtration. The crystalline product vas vashed vith a mixture of DME
and vater and alloved ‘to dry in a current of air for 16 hours to give
crystalline SSS diastereoisomer (containing less then 2% ssn
diastereoisomer) as substantially or essentially Forn B, vith a vater
content of 7.3% w/v; (XDS spectrum shovn in Figure 3). [Using a
similar procedure but using recrystallised Form A as starting
material, Form B was obtained"haying a vater content of 7.7% wv.)

Example 9

The product of Example 8 (4.78g) was dissolved in ethyl
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acetaté (14.7ml) vith varming to 60°C under an inert atmosphere.
Hexane (22ml) was added slovly and the solution vas allowed to cool to
22°C. The crystalline product was collected by filtration and vashed
vith hexane (10ml), then allowed to dry in a current of air to give
crystalline SSS diasterecisomer (containing less then 2% SSR
diastereoisomer) as substantially or essentially Form A, with a water
content of 4.1% w/w.

Example 10

The product of Exahple 2 (1g) vas dissolved in cyclohexane
(20ml) and the solution was distilled at atmospheric pressure at 80°C
to reduce the volume to 7ml. The clear solution was then allowed to
cool to 24°C. The suspended solid vas collected by suction filtration
carried out under a current of dry nitrogen and dried in a desiccator
under vaccum in the presence of phosphorus pentoxide. There was thus
obtained crystalline SSS diasterepisomer (containing less then 2% SSR
diastereoisomer) in substantially or essentially the "ketone" form;
(XDS spectrum shown in Figure 4).
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Chemical Formulae
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CBZ = benzyloxycarbonyl

Suitable conditions include:
(a) DHF, I~hydroxybenztriazole;- Et,N, dicyclohexylcarbodiimide, 0°C to ..
ambient temperature
(b) Re"Bu: trifluoroacetic acid, CHZC].Z, 0°C to ambient temperature
R=Me: methanol/aqueous NaOH, ambient temperature
{c) 1Bu().(:t).t:l, N-methylmorpholine, THF, -35°C to 0°C, followed by the
aminoalcohol
(d) H,, 10z Pd-C, EtOH '
(e) 'CH30.C0.CI. Et,N, cn2c12, 0°C
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Scheme 2
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Scheme 2 (continued)

Suitable conditions for Scheme 2 include:

Steps (1), (8), (9): as for Step (d) of Scheme 1; Steps (2), (7),
(11): HeOCOC1, Et,N or N-methylmorpholine, Cuzcl2 or THF, 0°C to 30°C;
Steps (3), (6): trifluoroacetic acid,-CHZCIZ, 0°C to ambient temp;
Steps (4), (5): as for Step (a) of Scheme 1; Step (10): He3Sic1, THF,
N-methylmorpholine, 0-30°C; Step (12): acidic aqueous hydrolysis;
Steps (13), (14): as for step (c) of Scheme 1 '

Scheme 3

H Q;"“‘ oy e
N L OH | OH
J'm l
LI CFa - g CFs /l, /CFS
HN_ _O i.e. HN_ O YN O
Y ¥ ¥
‘(2) ’
\§ ' Y
SF AEF:_ - g .‘CF, g /l" '——-( CFS
.-\\OTNTO i.e. "'“'OTNTO . ..‘\OTNTO
y o o 5 o . o O
CH, &H, | CH,
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What is claimed is:

1. A compound of formula I -

- .
Cl'leJLN\i'IAQ(N X/CF’
3 ;—NH : _

| © o

or a solvated form thereof, or a ketal or hemi-ketal thereof, as a
diastereomeric mixture comprising 502 or more of the diastereoisomer
of formula Ia '

JOL .
CHO” NH N N
0 NH CF,
o o

or 3 solvated form thereof, or a ketal or hemi-ketal thereof.

2. A compound as claimed in claim 1 vhich is the compound
(8)-1-[(8)-2-(methoxycarbonylamino)-3~-methylbutyryl]-N-[2-methyl-1-
(trifluoroacetyl)ptupyl]pyrrolidine-z-carhoxauide, or a solvate
thereof, both in the form of a diasterecmeric mixture af'(g)-i-{(gp-z-
(methoxycarbonylamino)-3-methylbutyryl]-N~-{(S)-2-methyl-i-
(trifluoroacetyl)propyl]pyrrolidine-2-carboxamide or a solvate thereof
and (S)-1-[(S)~2-(methoxycarbonylamino)-3-methylbutyryl]-N-{(R)-2-
methyl-1-(trifluoroacetyl)propyl]pyrrolidine-2-carboxamide or a
solvate thereof, and in the form of the substantially or essentially
pure diastereoisomer (S)-1-[(S)-2-(methoxycarbonylamino)-3-
uethylbutyryl]-u-[(s)-2-uethy1—l-(triiluo:oacetyl)propyl]pyrrolidine-
2-carboxamide of formula Ia or a solvate thereof.
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3. A compound, solvate, ketal or hemi-ketal as claimed in claim
1 or 2 which is in a crystalline form.

4, A compound or solvate as claimed in any preceding claim
which is in the form of the substantially or essentially pure
diastereoisomer of formula Ia or a hydrated form thereof.

5. A compound as claimed in any preceding-claim which is in the
forn of the substantially or essentially pure diastereoisomer of
formula Ib

o A ’ . : : P
N rr“ Y
© HO OH

or a hydrated form thereof, or a pharmaceutically-acceptable salt
thereof.

6. A compound as claimed in claim 4 vhich is crystalline, is in
a hydrated forn and has an X-ray powder diffraction pattern including
specific peaks at about 2-theta = 10.8, 11.4, 15.4, 21.6 and 21.9
degrees.

7. A compound as claimed in claim 4 which is crystalline, is in
a hydrated form and has an X-ray povder diffraction pattern including
specific peaks at about 2-theta = 7.2, 7.4, 9.0, 9.2, 10.8, 11.3,
14.5, 15.9, 17.8, 19.7 and 22.5 degrees.

8. A pharmaceutical composition comprising a compound, solvate,
ketal, hemi-ketal or pharmaceutically-acceptable salt as claimed in
any preceding claim, together with a pharmaceutically-acceptable
diluent or carrier. ' 3
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9. A process for the manufacture of a compound as claimed in
claim 1, or a solvated form thereof, which comprises oxidation of a
compound of formula II

o
CH,-OJLNH N

o) | NH
.0

CF, Ii

with a suitable oxidising agent.

10. A process as claimed in claim 9 wherein a compound of
formula Ila

. L |
wdod S X, T

_ e NH ; :
o °

Qe

is used as starting material.

11. A process as claimed in claim 10, followed by forming
crystals from a solution of the product in a solvent selected from
butyl acetate, a mixture of butyl acetate and hexane, a mixture of
acetone and vater, a mixture of acetone and hexane, a mixture of
acetone and petroleum ether b.p. 100-120°C, ‘a mixture of
1,2-dinethoxyethane and hexane, a mixture of 1,2-dimethoxyethane,
wvater and hexane, a mixture of ethyl acetate and hexane, a mixture of
ethyl acetate, hexane and vater, water, a mixture of dibutyl ether and
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hexane, a mixture of dichloromethane and hexane, a mixture of methanoll
and toluene, a mixture of tert-butyl methyl ether and hexane, a
mixture of isopropanol and hexane and a mixture of tetrahydrofuran and
hexane.

12. A process for preparing a compound as claimed in claim 6 or
claim 7 vhich comprises forming crystals from a solution of
substantially or essentially pure diastereoisomer of formula Ia in a
hydrated form in a solvent selected from butyl acetate, a mixture of
butyl acetate and hexane, a mixture of acetone and water, a mixture of
acetone and hexane, a mixture of acetone and petroleum ether b.p.'
100-120°C, a mixture of .1,2-dimethoxyethane and hexane, a mixture of
1,2-dimethoxyethane, water and hexane, a mixture of ethyl acetate and
hexane, a mixture of ethyl acetate, heiane and vater, and wvater

13. A compound obtainable by the process of claim 11 or 12.
4. A compound of the formula II or IIa.
15. A process for the manufacture of the intermediate

(2R,38)-3-amino-4-methyl-1,1,1-trifluoro-2-pentanocl, or a salt
thereof, vhich comprises

(1) reaction of (4RS,SSR)-4-isopropyl-5-trifluoromethyl-
oxazolidin-z-one. or an alkali metal salt thereof, with (-)-menthyl
chloroformate to give (ﬁgg, 5SR)-4-isopropyl-3-[(1R,3R,48)-3-p-
menthylotycarbonyll-5-triflﬁordmcthyloxazolidin-z-one;

(11) separation of the (4S,5R)-4-isopropyl-3-[(IR,3R,4§5)-3-p-
nenthyloxycatbonyll-S-t:i£1uoromethyloxazolidin-2-one isomer; and
(114) hydrolysing the (4S,5R)-4-isopropyl-3-[(1R,3R,4§)-3-p-
menthyloxycarbonyl]- S-trifluoromethyloxazolidin-z-one isomer under
basic conditions to give (2R,35)~3-amino-4-methyl-1,1,1-trifluoro-2-
pentanol.

16. A method of adninistering a conpound of claim 1, or a
solvate thereof, to a hunan in need thereof for treatment of a disease
or condition in which human leukocyte elastase is implicated.
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