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PRCLINE DERIVATIVES USEFUL ~ INHIBITORS OF HUMAN LEUKOCYTE ELASTASE 

the present invention relates to novel praline derivatives, 
and more particularly to particular forms of a novel 
l-substicutad-!-[2-methyl-1-(~ifluoroacet.yl)propyl]pyrrolidine-2-

carboxaaide derivative vbich are inhibitors of human leukocyte 
elastase (HLE), also knovn as human neut:rophil eluuse (BNE), vhich 

----are- af- value-, far example, as a research tool in phaniacological, 
diagnostic and related studies and in the treatment of diseases in 
mama.ls in vhich HU is implicated. For exa11ple, HLE bas been 
iJlplicated causally in the pathogenesis of acute respiratory distress 
syndrome (AIDS), rheumatoid ardlritis, at:herosclerosis, pulmonary 
emphysema, and other inflamat:ory dilorders, including airvay 
inflammatory diseases charac~rized by increased and abnonial ai~ay 
secretion such as acute and chronic bronchitis and cystic fibrosis. 
Also, BLE has been causally illplicated 1D certain Yascular cliseases 
and related conditions (and their therapy) in vhicb neutrophil 
participation is involved or implicated, for example, in hemorrhage 
associaud vith acute non-lymphoc,,:ic leukaaia, as vell as in 
reperfusion injury associated vith, for example, myocardial ischaeaia 
and related conditions associated vith coronary artery disease such as 
angina and infarction, cerebrovascular ischalllia sucb as transient 
iscbaemic attack and stroke, peripheral occlusive vascular disease 
such as 1ntezai.ttent claudication and critical lillb ischaemia, venous 
insufficiency such as venous hypertension, varicose ••inS and venous 
ulceration, as vell as impaired repedusion states such as those 
associated vlth racanst:ructive vascular surgery, thrombolysis and 
angioplasty. the invention also concern. methods of trea~ing one or 

_.more-..of .these-disease-condi~ions ancl-the·un 1Jf ·one or 11Dre o"'f the 
particular foms of the novel dena'tive in tbe manufacture of a 
medicament for use in one or aore of said conditions. The invention 
further concerns pha111aCeutical compositiana containing one or mare of 
the particular fonia of the novel derivative aa active ingredient, as 
vell as processes for the manufacture of the particular forms of the 
novel deriva~ive, novel intermediates useful in said processes and 
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met:hods for the preparation of said intermediates. 

Because of HLE's apparent role, there has bean 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 trifluoroaethane derivatives vhich are 
HLE inhibitors. Ve have nov discovered that particular forms of the 
novel 1-substituted-!!-12-methyl-l-(trifluoroacetyl)-propyl)­
pyrrolidine-2-carbaxamide derivative of fol'lllUla I (set out 
hereinafter) are unexpectedly potent inhibitors of RLE. 

According to one aspect of the invention, there is provided 
the compound C!)·l-{(!)·2-(methoxycarbonylamino)-3-methylbutyrylJ-!!­
[2-methyl-l-(trifluoroacetyl)propyl]pyrrolidine-2-carboxamide, or a 
solvate thereof, both in the form of a diastereomeric mixture of 
(!)-1-((!)-2-{metboxycarbonylamino)-3-mechylbutyryl)-!!-l<!>-2-meehyl-
1-(trifluoroacetyl)propyl)pyrrolidine-2-carboxamide (or a solvate 
thereof) and (!)-l-((!)·2-(11et:hoxycarbonylamino)-3-methylbutyryl]-!!­
[(!)-2-methyl-l-(trifluoroacetyl)propyl)pyrrolidine-2_:carboxamide (or 
a solvate thereof) and ln the form of the substantially or essentially 
pure diastereoisomer (!)·l-[(l)-2-(methoxycarbonylamino)-3-
••t:hylbutyrylJ-!-I (!)·2-•ethyl-1_-(trifluoroacetyl)propyl}pyrrolidine-
2-carboxamide or a solvate thereof. 

It will be appreciated that the compound of formula I bas 
three chiral centres (identified by * and I in formula I) and can 
therefore exist in eight different sterea11eric fotms, or as a 
diastereomeric mixture of tvo or 11are of these forms. For exaaple, 
tbe cO.pound (!)-l-(Cl>-2-(methoxycarbonyluino)-3-11ethylbutyryl]-!!­
(2-nethyl-1-(trifluoroacetyl)propyl)pyrrol1dine-2-carboxa11ide is a 
compound of the formula I in vhich the tvo chiral centres identified 
by * have the S canfigurat'ion' and the third- chiral centre identified 
by # has the IS C:onf:l.guratlon. The compound ii therefore a 
diastereoaeric mixture comprising the diastereoisomer vith the chiral 
centres urked * and I all having the ! configuration, that is 
(,!)-1•((§.)-2-(mathoxycarbonylamino)-3-methylbu~l]-!!-[(!)-2-methyl-
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l-(trifluoroacetyl)propylJpyrrolidine-2-carboxamide (hereinafter 
ref erred ta as ~e "S~~ diascareois~r· of forqnala I and vhich may 
also be represented as .. shovn .· in fo~a. I. in vtd.cb a thickened bond . . . ·. . . . . . . . . . ·~ . 

denotes a bond proj~C1:~ng from the p~ane of tll.11 paper) and the 
diastereoisomer vith the cbiral centres ma.riced * haTing the S 

configuration and
0

that~J:ked I having the 1l co~iguration, that is 
(!)-1-1(!)-2-{methoxyc:arbonylamino)-3-methy~bu~l)-!!-l<!>-2-methyl-

1-(trifluoroacetyl)propyl)pyrrolidina-2-cuboxamide_(bereinafter .. : ,.· . . 

referred to as the "SS1l diasureoisO¥r" of foraula I), or solTates 
thereof. Such a diast,reoaeric mixture includes, for example, a 
mixture containing·aP.p~oximately equal amounts of ~he SSS and SSI 
diascereoisomers;-·t;e;1:JI~ SSS:ssa· ratlo ii-about l:l._. For example, 

-·d1astereomeric mixtures C:qalprising SSS and . SS1l . diastereoisomers in 
ratios of 53:47 and 47t53 JSSS:SSI) have be_. obwaed. Particular 
forms of the compound o~ _formula I which are pref erred are 
diastereomeric 111xtures vhich are enr~chad in the SSS.d:l.astereoisomer, 
i.e~ the ratio of ~SS:~D is greater 1:han 1:1. ·~. especially 
prefe_rred form of the compound is substantially or essentially pure 

SSS d:l.astereoisomer, that is SSS d:l.astereo:l.sa.er containing less thaA 

S% (more particularly ~ass than 3% and preferably less than 2%) of 
other diastereoisomers. 

It vill be appreciated that the SSS diastereoisomer of 
fo1:2111la I may also fozt,1 a diastareoaeric ~uze v:l.th one or 110re 

--- --other-forms of fomula I, for example (!)-1-(2-•~•arbonylamino-3-
mathylbutyrylJ-!- [ (!) ·2-•thyl-1-(trifluor~acetyl)propylJpyrrolidine-
2-carboxamide (a d:l.utereoaeric •ixtu.re of the SSS.and ISS.fons of 

- formula I) or 1-((,l)-2-methoxycarbonylald.no-3-••~lbutyrylJ-!­
[(!)-2-methyl-l-(trifluoroacetyl),propyl)pyrrolidine-2-carboxaa_ida (a 

d:l.astereomeric mixture of the SSS and SKS forms of foraula I) aay be 
obtained. These part1c1,1lar diastereomerlc mixtures .• and other 
diastereomeric mixtures containing about 501 or aor~ of the SSS 
diastereoisomar together vith one or ~re other possible 
diastereoisomers vith different configurations at the chiral centres 

. . . 

marked by * and I in foi:maJ,a I are therefore fur'ther upects of the· 
-- -present -invention. 

; . 
. ·, 
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A diastereom•ric mixture of the SSS and SSll diastereoisomers 
may exist in an amorphous, non-crystalline form or in a crystalline 
form, dependent on the ratio of SSS;SSll diastereoisomers present. A 

pref erred diasteraoaeric mixture is one vhich can be isolated in 
crystalline-form, --vhich · is . par.ticularl.7 _aduntager;»~s in the 
manufacture of 'tbe compound, or formulations thereof, to the purity 
levels and uniformity required for reg1ilatory approval. It vill be 
appreciated that it is extreaely difficult to obtain a compound vhich 
is a single diastereoisamer completely free of the other possible 
diastereomeric foms, particularly a c011pound vhich has three chiral 
centres. The present invention 'therefore includes a crystalline form 
of the SSS diastereoisamer of foaaula I, or solvate thereof, vhich 
contains other possible diastereoisomers vith different configurations 
at the chiral centres indicated by * and # in formula I. It has been 
found that a crystalline diastere0meric mixture of the SSS and SSll 
diastereoisomers or a hydrate thereof, can be obtained vhich is 
suhS1:an~ially-or.-essan~y..a_diastere011eric mixture of SSS and SSI 
di&stereoisoaers_in a ratio ($SS:SS1l) of 65s35 or greater, i.e. it 
contains 35% or less of the SSll diastereoiaomer. The present 
invention therefore includes a crystalline f om of the compound of 
formula I, or a solvate thereof, vith a content of at least 65% of the 
SSS diastereoisOiler. Preferably the c?ystalline diastereomeric 
mixture has, for example, a ratio of SSS:SSll vbich 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 compowid of the 
invention is crystalline SSS diastereoisomer vhicb is substantially or 
essentially pure, i.e. it contains lass than 5% of other 
d:lasteraoisoaers, for example less than 5% of the SSll diastereoisomer, 
preferably less thau 3% of 'tbe SSI diastereoiso•r, and more 
preferably less than 2% of the SSlt diastereoiso•r. 

An amorphous or crystalline diutereomeric llixmre of SSS 
and SSll foZllS, or substaatially. or essentially pure SSS 
diastereoisOiler, exist . in a fofll vbidi ii- substantially- or- -essmtiall.J- -
free of solvent--(hereinafter- referred_to_as_the "ketone" fora and as 
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illustrated in Formula Ia for the pure SSS diaster..,isomer), or as a 
solvated, for example, '1Jdrated ~orm, or as a miZture of the ketone 
and solvated (hydratet:l) forms. The hydrated form Jll&Y exist, for 
example, as a gem-dio~ of the trtfluaroketone functionality, that is 
as a compound of the fql'lllUla ib. (set out hereinafter) for. . . : . . . . . . . 

substantially or essentially.pure SSS diastereoiso~r, or as a 
compound of the formula Ic (set out hereinafter), or as a form vhich 
ineorporates a water moiecule.as part of the crystallattice, or 
mixtures of such forms. The compounds of fomula. lb or Ic may., for 
example, be further hydrated. 

It vill be aJ>preciated that the degree of hydration ~f a 
diastereomeric mixture. or substantially or esaent~ally pure SSS 
diastereoisomer •Y be expl'essed.as .a ratio of hydrate to ketone 
forms. For example, an amorphous, non-crystalline dia.stereomerlc 
mixture of SSS and SSI forms has been isolated in vbich the ratio of 
hydrated fo:m to ketone form varies, for example, from.about 30:70 
(i.e. enriched in the ketone form) to about 95:5or. greater (i.e. 
substantially or essentially ~n the hydrated form), including such 
ratios.....as....about-50.150-.and-about--~0:11tO. - -crystalline ·forms have; for 
exmple, been obut11ed vhich have an SSS:SSI ratio of about 95:5 
together vitb a hydrate:ketone ratio of about 80:20 andvhich haft an 
SSS:SSR ratio of about 65:3~ or greater (such as 98.5:1.5) and are 
substantially or essent~ally in "the hydrated form. Crystalline 
hydrates of substantially or esaentially pure SSS ~iastereoisomer 
containing approximately 4. lZ (v/vl and 7.81 (v/vl of vater have also 
been obtained. Such particular forms are further aspects of the 
invention. It is to be further underitood that the present invention 
also encompasses any ketal or hemiketal (or mixtur~ thereof) of a 
diastereomertc mixture or of a form of tha SSS di•stereoisomer, or of 
a solvate thereof, referred to herein vhich is converted to the 
gem-diol in vivo, for example by hydrolysis or ~tic cleavage (and 

wherein the residue is par11aceut1cally acceptable). !he present 
invention. also includes any tautoaer or pro-drug of the SSS 
diastereoisomer or a solvate thereof. 
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It will be appreciated that the compound of formula lb may 
be referred to as thi ge11-diol fora of the compound of foraula Ia or 
by die chemical name (!)-l-[(!)-2-(•thoxycarbonylamino)-3-
methylbutyryl)-!-((S)-2-methyl-1-(2,2,2-trifluoro-1,1-dibydroxyethyl)­
propyl)pyrrolidine-2-carboxamide. It vill also be appreciated that an 
alternative name for the compound of formula Ia is methyl 
!!-[Cl!)-l-((2!)-2-[!!-((1!)·2·ma~yll·(2,2,2-trifluoroacetyl)propyl)­

carbaaoyl)pyrrolidine-1-ylcarbonyl)•2·methylpropyl)carbamate and an 
alternative name for the compound of fomula Ib is •thyl 
!-[((,i)·l-{(2!,)-2-l!!-<C!)-3,3,3-trifluoro-2,2-dihydroxy-l­
isopropylpropyl)carbaaoylpyrrolidin-1-yl-carbonyl)-2-methylpropyl}­
ca-rbaaate. 

the melting point of crystalline SSS diastereoisomer 
containing SSI diastereoisomer generally depends on the level of SSR 
diastareoisomer present and the level of solvation (hydration). It 
may be determined by conventional procedures vell knovn in the art, 
for example, by differential scanning calorillatry (DSC). 

Pre-ferably the crystalline SSS diastereoisomer is in a 
hydrated fo111. For exaaple, hydrated 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 preferred form of the SSS diastereois011er is a 
crystalline fol'll containing less than si (preferably less than 31 and 

especially less than 2%). of the SSI. diastereoisome-r and substantially 
or essentially in a hydrated form. Suell crystalline hydrated foms, 
for ex•ple rom A and rom B, have been found to possess good 
bioavailability and good solubility in aqueous buffer, which are both 
advantageous properties. 

A particularly preferred c-rystalline form of the SSS 
diastereoisoaer of _foD1Ula I, vhen it is substantially o-r essentially 
pure and in a hydrated form, has an X·ray powder dif f ractian pattem 
including tvo major specific peaks a~ about 28 • 10.a and 11.4•. this 
form (herein referred to as Form A) contains approximately 4.1% vater. 
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The X-ray povder diffraction pattern also inClude• less relatively 
intense specific peaka occurring at abow: 28 • 15.4, 16.8, 11.2, 18.6, 

20.6, 21.6, 21.9, 22~8 and 2s.o•. The I-ray pcn.rd•r difiraction .· 
spectrum (XDS} of a tnical sample of this form is' shovn in Figures 1 

. . . . 

and 2 hereinafter, vhere Fipre 2 shows the less lntinse peaks on an 
expanded scale. runiier physical data suggests :that this crystalline 
form is substantially or essentially in the form of the diol of 
formula Ib. 

A further pref erred crystalline form of the SSS 
diastereoisomer of fonaula I, vben it is s~bstantially or essentially 
pure and in a hydrated form, has an 1-:ray powder diffraction pattern 
including a major specific. pa.it at about 28 • 7 .2•. This. form (herein 
referred to as Fom.B) .contains a~pJ:'oxilllately 7~8% w/v (for example 
7.3-8.3% v/v) of wate~ •.. The X-ray powder. diffraction pattem also 
includes less relatively intense specific peaks occurring at about 28 
• 7.4, 9.0, 10.8, 11.3, 14.5~ 15.9, 17.8,· 18.1, 19.7 and 22.s•. The 
ms of a mical sample of this fom is shovn in Figure 3 hereinafter. 
further physical data suaests that this .. czystallt.ne . f om is 
substantially or essentially the 11ano~rate of the diol of fonaul.a 
Ib. 

Vlaen it is substantially or essentially pure and 
substantially or essentially free ·of sol'V1!Dt (i.e. in tile "ketone" 
fom), the SSS diastereoisomer has an X~rq povder diffraction pattern 
including a ujor specific peak at about 28 • 12~1. 'l'bis pattern also 
includes less relativ~l:Y intense peaks occurring at about 28 • 6.0, 
16.8 and 11.1•. The ms of a typical sample of the 11btone11 form is 
shovn in Figure 4 hereinafter. 

The I-ray pC)Vdar diffraction spectra vere :determined, for 
example, using scintaglDS-2000 X-ray diffractometer, vitll an EC&G 
solid-state photon.detector, GLr Series (gelllanium) operated.by a 

,· . . 

llicrovax co..Puter and using tile Diffraction lanag .... t System softvare 
supplied by Scintag Inc., s•ale, California, USA'.. !be J•r.Y tube 
used vas a CU IC-alpha vitb a wavelength of l.5406A at 45lV and 40ml. 
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The receiving slits vere set at 2 and 4 1111 and the diverging slits set 
a~-0 •. S -and .. 0.2_.__vith respect to the p~th. of ~e incident beam. The 

spectra vere obtained in the continuous scan mode vith a chopper 
increment of 0.02. Each sample vas exposed at 1 degree 2-theta per 
minute (running tille vas 38 minutes) and collected from 2 to 40 
degrees 2-theta, to produce a trace of spacings against intensity for 
this range. 

l'or diffraction analysis the samples vere packed into round 
aluminium alloy sample pans with a diaaeter of 251111 and depth of 21111. 
The powder sample vas placed in the pan so that an amount in excess of 
the p~ volume vas presen't and subsequently leveled to the pan rim 
vith a glass microscope slide. Silicon type-NBS 640b vas used as an 
external standard. 

·~ ... '.' 
Ji~. 

Alternatively a Siemens 05000 X-ray diffractometer vas used, 
recording the dif f racto1ram in e - e mode over the range 2 to 40 
degrees 2-theta with 4 seconds exposure per 0.02• 28 increment. 

All infra-red spectrum vaa obtained far a typical sample 

of Form A. The infra-red spectrum vas obtained by the solvent cast 
technique vell knovn in the art, froa acetonitrile castings of-a 
saaple onto a salt vindov for analysis by direct tranS11ission. The 

infra-red spectrum vas detemined over the wave.siumber range 4000 to 
400 cm·1• The infra-red spectrum is shown in Hgure s. The spectrum 
of figure 5 includes sharp peaks at about a968, 1762, 1721, 1690, 
1632, 1525, 1447, 1207 and 1154 c11·1• 

The infra-red spectrum vas also obtainad for a typical 
saaple of !am A uains. a Hic;olet 20SIC ml spec'trometer. The 
spectrum vas obtained using a 21 dispersion of the sample in potassium 
bromide. The infra-red spectrum is shown in Fi1ure 6 hereinafter. 
The spectrum of figure 6 includes sharp peaks at about 3402, 3321, 
3252, 3060, 2967' 2878, 1699, 1674, 1629, 1535, 1532, 1446, 1271, 

1258, 1249, 1175~ 1152, 1118, 1089, 1029, 1013,., •. 1.004, 635, 593 and· 567 -1 . . .. .... 
ca • Using siai.lar conditions, an infra-red spectrum vas obtained 
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for a typical sample of Form B.. The infra-red spec'trwa is show in 
Figure 7 hereinafter. ·. The. spac'trua of Flgure 7° includes sharp pe~ks 
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 721 cm·1• Using-similar 
conditions, an infra-red spec~ vas obtained for a typical sample of 
the SSS diastereoisomer in substantially the "letone" fora. The 
infra-red spectrum is shown in Figure a. The spectrum of Figure 8 
includes sharp pe~ at about 3415, 3300, 2967, ·2876, 1764, 1723, 
1711, 1695, 1686, 1634, l527' 1445, 1356, · 1286, 1234, 1213, 1139, 
1105, 1061, 1020, 774, 732 and 67tca·1• 

It vill be understood that the 2e values of tbe I-ray Powder 
diffraction patterns and the wavelengths of the infra-red spectra may 
vary slightly f rma one machine to another and so .the values quoted are 
not to be conlstrt.ied ·as absolute. For example, the .tvo 11ajor specific 
peaks vhich occurred.at about 28 • 10.8 and 11.4° for a typical sample 
of 1orm A vhen a Sciritag XDS-2000 I-ray diffrac~OMter vas used, 
occurred at about 29 • 10.6 and 11.2• respectively vhen a Siemens 

. . 

DSOOO X-ray diffractolileter vas used (vi.th the less intense peaks also 
occurring at a proportionately lover relative 28 value). 

It vill be appreciated that the hydrogen atoms of the 
... . . 

hydroxyl groups of the forms of formula lb or Ic (or a hydrate . . 

thereof) are acidic and.th&t such compounds may therefore .fan 
... ·· ' .. :' 

crystalline pbamaceutically-accaptable salts, ~ing conventio~ 
procedures, for example vith bases affording pbysiologically­
acceptable cations, for example alkali aetal (such as.sodiua or 
potassium), albli earth 119tal ~r organ~c · •iDe · salts. The :lnvention 
therefore includes crystalline pharmaceutlcally-accep~ble salts of 
the forms of fol'lllUla Ib and Ic or a hydrate thereof. 

'l'lle various f onu of the compound of f omula I ref erred to 
above, or solvates · (bfdr~tes) thereof,· may be obtained, for example, 
by the folloving processes, vhich are further separate aspects of tbe 
invention. 
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A non-crystalline (amorphous) diastereomeric mixture of SSS 
and ssa diastereoisoaers may be obtained by oxidation of the compound 
of formula II with a suitable oxidising aient. 

A sui-table--exidising .. apnt.-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,l,1-triacetoxy-2,1-benzoxidol-3(3H)-ona vith 
trifluoroacetic acid in dichlorometbaDe; the use of· excess 
dimethylsulphoxide and a vater soluble carbodiimide in the presence of 
dichloroacetic acid; or an allcaline aqueous alkali metal permanganate, 
such as alkaline aqueous potassium perlilanganate 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 potassiwa or 
sodium perman1anate. 

The coapound of fo1'11Ula II may be obtained, for example, as 
sbovn-in-Scheaes-1-and--2, ustng-comrem:ional 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 aaine, for example using a 
•ethyl halogeaofomte, sUc:h as methyl chloroformau, in the presence 
of a suitable base such as triathylamina or •-•thylaorpholine, and in 

a suitable solvent or diluent. ·for example a·chlorinated hydrocarbon 
(such as dichloromethane or·cbloi'ofona) or an ethereal solvent (such 
as teuahycirofuran or -dioxan-h- and--at ..a.. tallpiloture in the range of, 
for example, -1o•c to so•c, such as o•c to Jo•c. The reaction steps 
of Sch•• 2 include conventional steps of protection (step (10)), 
deprotection or selective deprotection (s~eps (1), (3), (6), (8), (9) 

and (12)), coupling (steps (4), (5), (13) and (14) and carbamate 
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formation (sups ( 2), (7) and ( 11)) vell known, in the arc. 

It vill be aJ>pr~:ciated that diastereo11eric mixtures of SSS 
and RSS diastereoisomers and of SSS and SIS diastereoiao•rs may be 
obtained using analo-~us procedures, with appropria~e .choice of L- or 
DL·valine .or prolin~ (or the protected deriva~ives thereof) as 
starting materials and.using. (2,!,31)~3-amino·4·8"!Wl-:l,1,1-
trifluoro-2-peiatanol ~t .the appropriate coupling steps. 

Substantia~~y or essentially pure SSSdianereoisomer may be 
obtained, for example, bf oxidation of (1)-ld(!)-2· 
{ne.U0xycarbonylamino)-3"'.1118CYlbutyry11-!· 1 (,1)·2-•thyl-1-( (,!)·2,2,2-
t:ifluoro-1-hydroxy~~yl)propyl)pyrrolidine-2-carboxamide (of formula 
IIa) vith a suitable ox~dising asent, such ,as one of the oxidising 
agents referred to. above. The starting alcohol may be obtained as 
shovn in Scheme 2. 

Crystalline forms of the SS$ diastereoisomer containing 351 
or less of the SSR diastereoisomer may be obtained from a 
non-crystalline (aaorpbous) diastereomeric mixture of the SSS and SSll 
diasteroisomers, con~ining the SSS and SSI diastereoisoaers in 
approximately equal ~unts (i.e. a ratio of about 111, typically 
53:47 or 47:53) by crystallisation from a suitable non-polar solvent, 
such as a mixtUre of ••thyl.~-butyl ether and hexane, preferably 
containing a small quantity of vater and optionally containing .a small 
amount of hydrochloric acid, for example 0-0.2.mole equivalents of 36% 
v/v hydrochloric acid and 1-2.1 mole eqivalents of vater. It is found 
preferable to add aqueo1.1Shydrochloric acid to the s~lvent of 
crystallisation when.a non-crystalline diasterecnaeric mixture of 
SSS:SSll rato of 47:53 ls used. To initiate crystalJ.~sation, seeding 
vith crystalline SSS diast11reoisaaer i1.pref11rred •. The crystalline 
product is generally ~solated as a mixture of hydrated and ketone 
form, typically in a ratio of about 80:20 (hydrateddcetane) or 
greater. A hydrated ~om or a mixture of ketone and hydrated forms 
aay be converted to the.sµbstantially or essentially •ketone• form by 

' .. : . . . . . . . 

drying in a vacuum oven (for example at about so•c). Hovever, such a 
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ketone form is hygroscopic. 

Substantially or essentially pure crystalline forms of the 
SSS diastereoisomer may be obtained by recrystallisation or repeated 
recrystallisation of crystalline forms of the SSS diasteroisomer 
containing SSI diastereoisomer. Solvents or mixtures of solvents 
vbich may be used include, for exaaple, butyl acetate, butyl 
acetate/hexane, acetone/vater, acetone/hexane, acetone/petroleum 
fraction b.p. l00-12o•c, 1,2-dimethoxyetbane/hexane, 
1,2-dimethozyetbane/vater/hexane, ethyl acetate/water/hexane, ethyl 
acetate/hexane, vater, dlbutylether/hexane, dichloromethane/hexane, 
1,2-dimedloxyethane/vater, methanol/toluene, methyl ,Sm-butyl 
ether/hexane, isopropanol/hexane and tetrahydrofuran/hexane. To 
obtain Fol'll A, the first ten solvents or mixtures of solvents ref erred 
to above are preferred. Vat ethyl acetate/hexane is particularly 
useful to obtain Form A. Par~icularly useful solvents or mixtures of 
solvents to obtain Form B are 1,2-dimetho:rye'tbane/vater and 
vater/methanol, although this form may also be obtained vhen e1:hyl 
acetate/vater/hexane is used. Vhere hexane is ref erred to herein, 
this includes isomers of hexane (such as tso-hexane) or mixtures 
thereof. 

Substantially or essentially pure crystalline forms of the 
SSS diastereoisoaar may also be obtained by crystallisation of 
substantially or es1entially pure SSS diastereoisomer isolated in a 
non-crystalline form (for example by oxidation of the compound of 
formula Ila), such a1 an oU, using sillllar solvents or mixtures of 
solvents referred to above, especially a mixture of ethyl acetate, 
vater and hexane. 

Furthermore, Fom A may also be obtained from Form 8 by 
recrystallisation, for example as illustrated in Example 9. In 
addition the crystalline •ketone• fom (vbich is hygroscopic) •Y be. 
obtained froa Form A, far example, as illustrated in Example 10. 

The preparation of a ketal or hemi-katal from a ketone is 
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vell known in the art. 

3-Amino-4-methyl-1,1,1-trifluoro-2-pentanol 11ay be obtained 
as described in US Patent No. 4.910~190 or as illustrated in the 
Examples. 

A particUlarly advanta1eous procedure for the manufacture of 
(2!,3!)-3.;;aaino-4..;liethyi.•t, 1, l-trifluoto-2..:pentanol;, vbich is a 
further aspec't of the pr1tsent i.nTention, . comprises (as illustrated in 
Scheme 3): 
(1) reaction of (2!§,3!!)-3•asiino-4-methyl-i,1,l;_trifluoro-2-
penunol, or a salt thereof, vith triphosgene or dimethyl carbonate in 

the presence of a suitable base to give._(4!§,5!!>~4-1sopropJ].~s­
trifluoro•thyloxazolidin.;;2-oiie, followed by 
(2) reaction of (4g,5§!)-4-isbpi'opyl-5-trifluoromethyloxazolidin-
2·one, or an alkali iiet:.l salt thereof~ ,,;itla (·)-11enthyl chlorofonate 
to give ( 4!!, 5§!) .;;4.1sopropyl·3-[ ( 1!,3!, 4!)·3-1-•nthyloxycarbonyl)­
S-trifluoromethyloxazolidin;..2.one aAd separation of the 
(4_i,5!);_4-isopropyl-3..; [ ct!,3!,4§.);_3~~ 
unthyloxycarbonyl)-S-trifluoro11ethyloxazolidin-2-one isomer; followed 
by 
(3) hydrolysis of (4§.,5!)-4•1sopropyl-l•[l!,3!,41)·3-2-
•nthyloxycarbonyl);,.5-trifluoromethyloxazoli.d:ln-2-oae boaer under 
basic colad:ltioas, to giTe (2i~3S)-3-amino-4-•thyl-l,l,1-trifluoro-2· - - . . 

pentanol. 

In Step (1),· a suitable base is an aqueous albli metal. hydroxide, for 
example sodium or potailsiUia hydr~xide.· The reac1:ion. is generally 
carried out in a suitable inert solvent or diluent, for ezaaple a 

hydrocarbon such as toluene. The reaction is exatharmic an4 so the 

reaction is generally carried vU:h external cooling maintaining the 

temperature at about o•c to so•c, fo~ exaaple at about aabient 
temperature. 

In step (2), the reaction is car.r:Led_ out in a suitable solnnt or 
diluent, for ex1111Ple an *thereal solvent sUch as tetrabydrofuran. 
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Conveniently the oxazolidinone is converted to its alkali metal salt, 
for example using butyllithium at about -7s•c, ·prior to addition of 
the (-)~11enthyl cbloroformate. On vork-up, the desired 
(4§.,5!)-isomer crystalliHs from the mixture of iso•rs and is 
collected by filtration. 

In step (3), suitable conditions include, for example, the use of an 
aqueous solution of an alkali •tal hydroxide (such as sodium or 
potassium hydroxide) in an ethereal solvent or diluent, such as 
dioxan, at a temperature in tbl range of, for example, 60-llo•c (such 
as 90-uo•c). 

the utility of die compound of die invention may be 

demonstrated by standard tests· and clinical studies, including those 
described helov. 
Inhibition Measurements: 

The potency of the cmpound of the invention (or a 
particular form thereof) to act as an inhibitor of h1111a11 leukocyte 
elastasa (HLE) on the lov 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, x1, of the complex foraed from the interaction 
of the inhibitor vith HU. 'Die coapound of Example 1 was found to 
have a x1 of 36nH. The c011pound of Exanple 2 vas found to have a x1 
of 9 nH. 

Acute Luns In1ury Hodel: 
Animal models of eaphys811a include intratracheal (1.t.) 

administration of an elastol}'1:ic.protease to cause a slovly 
progressive, dast~tive lasioli' of the lung. These lesions are 

normally evaluated a fev veeks to a fev months after the initial 
inaUlt. Rovenr, these proteases also iiaduce a lesion that is evident 
in the first fev hours. the early lesion is first hemorrhagic, 
progresses to an inflamatoty lesion by the and of tbe first 24 ho=s 
and resolves in the first veek post insult. To take advantage of this 
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early lesion, the folloving model naay ~· used. 
Ha11Sters are .first lightly anesthetiz~d vitbBrevital. 

Phosphate buffered sal.ine (PBS) pH 7.4, either aione or.containing ·.· . . . ' . : . . . .· ' 

human leukoc)'1:e elastase (HLE), is then administ~red directly into the 
trachea. Tventy-four hours later the an:lnals are killed and the lungs 
removed and carefully trimmed.of extraneous.t~SSllfl· Following 
determination of vet li.JAB veig~t, the. lungs are lavaged with PBS and 
total lavagable red and white cells ~•covered are detel'llined. The 
values for vet lung veights, total lavagable red cells and total 
lavagable vhite cells are elevated in a dose-dependent manner 
following administration of HLE. Compound• that a~e effective 
elastase inhibitors can prevent or climinisb the.severity of the 
enzyme-induced lesion fesulting in lover vet lung tireight and reduced 
values for total lavagable cells, both red and vhite, relative to 
administration of HLE alone. Compounds can be eva1uated by 
administering 1:hem intratracheally as solutions or suspensions in PBS, 
either vith or ~t various tilles prior to the HLE challenge (400· µg), 
or by dosing them intravenou1ly or orally as solutions at various 
times prior to the RLE c~allenge (100 111> to determine their utility 
in preventin1 an HLI lesion. A solution of the compound of the 
invention (or a particular form thereof) may be conveniently prepared 
using 10% polyethylene glycol 400/PBS. 

-- -Acute---Hemorrbuic-psaY: 
This assay relies on monitoring only the amount of 

hemorrhage in tbe lung f olloving intratracbeal administration of human 
neu~ropbil elastase (llNE). Hemorrhage is quantified by disrupting 
erythrocytei recovered in lung lavage fluid and comparing that to 
dilutions of vhole hamster blood~ The. screening protocol, similar to 
that described in Fletcher et al. , American leviev. of llespiratorr 
Disease (1990), 141, 67~-~77, is as follows.. CoapolJlldS d1110astrated 
to be HlfE inhibitors in vitro are ccnaveniently prepared for dosing as 
described above for th• Acute tung Injury lodel. llale S,rian hamsters 
(fasted for 16-18hours prior ta use) are lightly anae1thetised vith 
Brevital sodi1.111 (30 mg/kg 1.p.). The C011pounds are then dosed 
intravenously or orally ta the hamsters at a fixed ti•, such as.30 or 

.·· . . 
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90 min, prior to intratracbeal administration of 50 ug/anillal of Hiii 
in JOO ~L phosphate buffered saline (fBS) pH 7.4. rour hours after 
enz:rme_adainistration, tbe animals are killed vith .an overdose of 
pentobarbital sodiua, die thorax opened and the lungs and heart 
removed and the lungs cleared of extraneous material. The excised 
lungs are lavaged vich three changes of 2 Ill PBS via a tracheal 
cannula. The recovered lavages are pooled, the volumes (about 5 mL) 

are recorded and the lavages stored at 4 •c until assayed. For 
calculation· of the amount of blood in each sample, the thaved lavages 
and a sample of vhole hamster blood are sonicated to disrupt 
erythrocytes and appropriately diluted into individual vells of a 
96-vall ndcrotiter plate. The optical densities (OD) of the disrupted 
lavages and blood samples are determined at 540 nm. The 
(µL--blood .. equivaleN:s..)_ I (lllL. lavageJ .are determined by comparing the 
OD of the test samples with the OD of the standard curve prepared from 
vbole hamster blood. the total ~L equivalents of blood recovered is 
determined by multiplying recovered lavage volume by the 
(pL blood equivalents) I (mL lavage) for each sample. lelUlts are 
reported as I inhibition of llllE-induced hellorrbage vith respect to PBS 
treated controls vhen the test compound is given at a specified dose 
and time prior to administration of HHE. The ED50 for the compound of 
Example 1 vas found to be 4.5 mg/kg after oral dosing. The ED50 for 
the compound of Example 2 vas fowid to be 1.9 mg/kg after oral dosing 
and 0.6 mg/kg after 1.v. administration. 

Ko overt toxiCity vas observed vben the compound of the 
. . 

invention vas administered in the above in vivo tests. 

It vill be appreciated that the implications of a compound's 
activity in the Acute Lung Injury Hodel or Acute Hemorrhagic Assay are 
not limited to •physema, but, rather, that the test provides evidence 
of general in vivo inhibition of HLE. 

According to a further feature of the invention, there is 
provided a phaaaaceutical composition comprising a pharmaceutically 
effective amount of the compound of the invention (or a particular 
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fom thereof), or a solvate thereof, al,ld a pba1:111aceutically acceptable 
diluent or carrier. As noted above, maother feature.of the mention 
is a method of using the coapo~~ of ~~ inven~ion .(or a par1;icu1ar 
form thereof), or a solvate thereo(, in the treatment of a disease or 
condition in a 11181111181, especially a ~uman, in wich HLE is implicated, 
such as chose referred to hereinbefore, and part:iclllarly acute and 
chronic bronchitis, pidmonary 811J'hrs~, reperfusion injury, adult 

·--t'espil'atory-distresa 11yndrome, cystic· fibrosts, or peripheral vascular 
disease (such as critical limb isch..-ia or intemittant 
claudication). 

'lhe compound of the presen.t ~ent:ion · (or a particular fom 
thereof) may be administered to a vara-~looded a111mal, particularly a 
human, in need thereof for treatme'1t of a disease in wich "LE is 
implicated, in the form of a conventional pharmaceucical composi~ion, 
for ex111ple as generally disclo~ed in u~s. Patent 4,910,190. One 11ode 
of administration. may be_ v.ia . .a....povder-ed oc---Uquid· -au.osal•-: in a 
povdered aero1ol, the coapounci of the invention (or a particular form 
there~f) ~Y be adid.nistai=ed .. in'..ua-•ame~J18111U!r- as -·croaoly1a-sodi• ·via 
a 'SpinhalEir' (a trademark) turbo-inhal~r .device obtained from Pisons 
Corp. of Bedford, llassachusets at a rat.a of about 0.1 to 50 111 per 
capsule, l to 8 capsules beins adlllinistarad daily for an average 
human. Each capsule to be used in the turbo-inhaler contains the 
required amount of the compound of the invantio~ (or thtt particular 
fom thereof) vith the raainder of the 20 111 capsule being a 
pharmaceutically acceptable carrier such as lactose. In a liquid 
aerosol, the compound of the invention (or·a.particUlar fom thereof) 
.. , be administered using a nebulizer such as, for ex811ple, a ;letec' 
(trademark) nebulizer, in vhich·~· ~11'tion is nebuitzed vith 
compressed air. The aerosol may be adllinistered, for example, at: the 
rate of one to about eight time~ per day as follovs: . A nebulizer is. 
filled vit:h a solution of the compound (or a particular form thereof), 
for example 3.5 mL of solution eontaining 10 •1/llL; the.solution in 

the nebulizer is nebulized vltb coapreHed alr1 and the patient 
breathes normally (tidal volmae) for eight at.nutes vtth the nebulizer 
in his mouth. 



.. ' ..... ·:--_;. ··::.:'.~ ... -
.:·~·:·:. 

W0961238l2 PCrlGB"'80193 

·.-. 
-:!.:: ~- .::t. 

- 18" ---
,\;:: ... 

Alternatively, tbe mode of admuistration may be parenteral. 
including subcuuneous deposit by means of-an-osmotic--punp--or; 

preferably, oral. The compound of the invention (or a particular form 
thereof) may be conventionally fomulated in an oral or parenteral 
dosage form by compounding about 10 to 250 mg per unit of dosage with 
conventional vehicle, excipient, binder, preservatiYe, stabilizer, 
flavor or the like as called for by accepted pharmaceutical practice, 
e.g. as described in U.S. Patent 3,755,340. Por parenteral 
administration, a l to 10 mL intravenous, intraliUscular or 
subcutaneous injection vould be given coni:aining about 0.02 mg to 10 
mg/kg of body veigbt of the compound of the invention (or a particular 
form· ·thereof+ .3. or -4 t1aea--dail.¥- . ..ThtLinj.ection would contain the 
compound of the invention (or a particular form thereof) in an aqueous 
isotonic sterile solution or sU.pension optionally vith a preservative 
such as phenol or a solubilizing agent such as 
ethylenediaminetatraacetic acid (EDTA). For parenteral administration 
or use in an aerosol, an aqueous fol'llUlation may be prepared, for 
example, by dissolving the compound (or a particular fora thereof) in 
5-1ox·-poiyethylene---glyce-l--400/phoaphau-bufferecLsal1ne, folloved by_ 
aaa,tic filtration, aad sterile storage using standard procedures. 

In general, the compound of the invention (or a particular 
form.thereof) will be administered to hmaans a:t a daily dose in the 
range of, for example, 5 to 100 •1 of the compound (or a particular 
form thereof) by aerosol or 50 to 1000 mg intravenously or orally, or 
a combination thereof. Hovaver~ ~t ra&dily vill be understood that it 
may be necessary to vary the dose of the compound (or a particular 
fo:rm thereof) adllinstered in accordance vith vell know medical 

practice to take account of the nature and severity of the disease 
under treatment, concurrent therapy,· and the age, veight and sex of 
the patient receiving treameilt.· It slsailarly vill be understood that 

generally equivalent amounts of a solvatad (for example, hydrated) 
form of the compound also may be used. •rotocols far the 
administration of an ·HLE :lnbtbitor and ivaluation of the patients are 
described tn the European Patent· Applications with Publication Numbers 
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458535, 458536t 458537, and 4638ll_.for __ the-..tr:~1:-or--prDenti-an·of 
cys'tic fibrosis, AIDS, bronchitis, and beaorrhage associated rich . .· . . : 

acu'te non-lymphocy"tic leukemia or its tber•py, respectively; and 1:he 
compound of the inven'tion (or a particular form thereof) •Y be us~d 
similarly, or preferably used by oral admin~stration, far the 
treatmen't of those di~e•ses and conditions eith~~ alone or in 
combination with a1,1other.therapeutic agent custo•~ily indicated for 
the treatment of the particular conditi~n. For therapeutic or 
prophylactic trea~t of a vascular disease or related condition in a 
mammal in vhich neutrop~ils are involved or implicated, a compound of 
the invention (or a particular form thereof) may conveniently be 
administered by an oral pr parenteral route, either alone or 
simultaneously or sequ~ntially vith other therap"1tically active 
agents cu.stomarily administered for the condition. . The utility of the 
compound of the invention, (or a particular form thereof) in such 
treatment of vascular diseases and related condi~ions may be 
demonstrated using t~e procedures described in International Patent 
Application, Publication No. ~O 92/22309 .• 

The various aspec'ts of the invan'tian.will nov be illus'trated 
by the following non-lilliting examples in vhich, unless stated 
otherwise: 

(i) tmperatures ue iiven in degrees Celsius (•C); 
operations vere carried ou.t a't room or ambient temperature, that is, 
at a temperature in the range of 18-25 •c; 

(ii) organic solutions were dried over a.nhydrous magnesium 
sulfate; evaporation of solvent v-.s carried out uaiDg...a..:.~otary 
e'lapora'tor under nduced pressure (600-4000 pascals; 4.5-30 • Bg) 
vith a bath temperatur11 of up to 60 •c; 

(iii) chromatography means 'flash chromatography' (method 
of Still) carried out on Herek Kieselsel (Ar't 9385 froa I. Kerck, 
Darmstadt, Germany), elution using both step and ramp gradients is 
denoted by the parenthetical term •gradient• followed by the initial 
and final solvent ratiosJ thin layer c:hallatosraphy (TLC) vas carried 
ou't on silica pla'tes, fo~ ex111pl~ 0.25 111 silica gel GBLF plates (Art 
21521 from Analtech, Hevark, DI, USA); 
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(iv) in general, the course of reactions vas folloved by 
rLC and reaction times are given for iJ.lustration only; 

(v) melting points are uncorrected and (dee) indicates 
decomposition; the melting points giYen are .those obtained for the 
materials prepared as described; polymorphism may result in isolation 
of materials vith different melting points in some preparations; 

(vi) final products had Saitisfactory nuclear magnetic 
resonance (Niii) spectra; and, vbere examined, vere substantially pure 
by H?LC; 

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

(viii) vhen given, RD data is in the form of delta values 
for major diagnostic protons, given in parts per million (ppa) 
nlative to tetramethylsilane (TllS) as an internal standard, 
determined at 250 HHz uaiug DKSO-d6 as solvent; conventional 
abbreviations for signal shape are U&ed; for AB spectra the directly 
observed shifts are repo~ed; 

(ix) cheaical symbols have daeir usual meanings; SI units 
and symbols are used; 

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

(xi) solvent ratios are given in volwaesvolwae (v/v) 
terms; 

(xii) mass spectra (KS) vere run with an electron energy of 
70 electron volts in the chemical ionizaton mode using a direct 
exposure probe; vbere indi~ated ionization vas effected by electron 
impact (II) or fast atom bombardment (FAB); generally, only peaks 
which indicate the parent -.•• are reported; and 

(xiii) HPLC was used to establish tbe ratio of SSS:SSR 
diastereoisomers of formula I in isolated material, using a SUPELCO 
LC-18 reversed-phase, 25cm x 4.61111 column and vater:acatonitrile 
(70:30) as eluant. The flov rate va1 1.0ml/llin, the injection volume 
vas _20iil by valve and the decection vavelength vas 205m. The 
retention tille for the SSS diastereisomer vas about 9.9 minutes.and 
that for the SSll diast•reoi•Dller v•• about 11.7 minutes. 
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Examnle l 

1-(3-Dimethylaminopropyl)-3-ethylcarbodtillide hydrochloride 
(1.84 g) vas added to a solution of (!)-1;,.[(J.)-2-
(mei:hoxycarbonylamino)~3-me1:hylbutyrylJ-!~f2~aeth~l-1-
(2,2,2-trifluoro-1-hyclro1cyethyl>°propy1Jmrolid~e-2-carboxamide (0.41 
g) dissolved in dlMthylsulpho:lide (DKSO; 5 al) and toluene (5 ml), 
folloved by dropvise addition of dichloroaceticac:Ld (0.32 al). The 

. . : 

reiulting solution was allowed to stir at 20!C. for-~2--hours. ---The 
solution vas then poured into ethyl acetate (200 Ill) and washed 
successively vith lff hydrochloric. acid, vater and brine. The organic 
solution vas dried (KgS04) and concentrated uncle~ vacuua. The residue 
vas pudfied by flash.cbtoaatography csradierit: elution; 
methanol:•tbylene chloride~ 3:97.to 5:95) to give 
C!)-1-[(!)·2-(methoxycarbonylaaino)-3-methJlbu1:,rylJ-!!-[2-methyl-1-
(2,2,2-trifluoroacetyi)propyl)pyrrolidine-2.;.carboxa~de (0.27 g) as a 
vhite foam· (as a mixture of ketone and hydrated f~rms)I TLC, Rf•0.4 
(me1:hanol:dtchlorOll8thane,: 2.5:97 .5,; 1e Hiil (Dllso/D20) a 4.44 (a, 18), 
4.00 (11, 2B), 3.72 (m, lR), 3.51 (a, 4H), 202-i.75 (m, 68), 0.95-0.78 
(m, 12H); Alaalysis for t 18a28rJ113ci5.0.3820: Calculatad1 c, 50.42; H, 
6.72; N, 9.80; Found: C, 50.31; H, 6.28; N, 9.56. 

The starting material (!)-1-((.§.)-2-(•thoxycarbonylaaino)-3-
methylbUtyrylJ-!!-(2-iiaethyl-1-(2,2,2-trifluOro-1~hydroxyethyl)propylJ­
pyrrolidine-2-carboxamide vas obtained as follows: 

llethyl cblorofomate (0.12 Ill) vas added to a solution of 
·--cas;JSlt)-L-valyl-H-(3~(4-m8thyl-1,1,1-trifiuoro-2-hydroxypentyl)J­
r.-;;01~de (obtained as described iri us patent 5,194,588) ··co.5 1> 
and triathylalline (0~57 Ill) in dichioromedwae (l3.6 ~l) at o•c. Dae 
solution was alloVed to stir for 0.5 baurs, and then poured into ethyl 
acetate (100 al). The organic solution .was .washed successively vitb 
saturated aqueous lodi1111 ·b.l~arbonate solution, vater and brine. The 
solution va1 dried (J18S04) and concentrated under vacuum. The residue 
vu purified by flash chroaatography <lradient elution; 
methanol:methylene chloride, 5195 to 7193) to give 
<!>-1-[(.§.)-2-(aedloxycarbonylamino)-3-aethylbutyrylJ·!-[2-•th)'l-1-

' . 

--~ 
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(2,2,2-trifluoro-l-hydroxyethyl)propyl)pyrrolidine-2-carboxamide 
(0.51 g); TLC, Kf•0.2 (madlanol:methylene chloride, Si95); KS: 
m/z.426(M+l). 

Examole 2 

A solution of potassium pel'll8Dganate (16.6 g) in vater (100 
ml) vas added dropvise to a o•c solutiqn of C!)-l-((!)-2-
(aethoxycarbonylamino)·3-mathylbu~lJ-!-lC!J-2-.. thyl-1-
((!)-2,2,2-trifluoro-l-hydroxyethyl)propylJpyrrolidine-2-carboxamide 
(15 g) in ~-butyl alcohol (175 ml), vater (100 ml), and 0.6 K 
sodium hydroxide _solution (175 ml). The solution vas stirred for 2 

hours and then quenched by addition of methanol (70 ml), folloved by 

stirring for 1 hour. The aixture vas filtered through diatomaceous 
earth and the filtrate macle acidic to pH 2 using 11 hydrochloric acid, 
and saturated with sodium chloride. The product vas extracted into 
ether (5 X 100 ml) and the solyent. removed under vacuum. The 
resulting oil vas chromatographad (methanol: dichloromethane 5:95) and 
the solvent removed to give an oil. Hexane (40 ml) vas added to a 
stirred 1olution of the oil in ethyl acetate (which had been 
presaturated vith water) (40 ml) and stirring was continued for 24 
hours over vhich tille a crystalline solid f oaaed. Another portion of 
hexane (40 ml) vas added and the solid wa1 collected and dried under 
vacuum (40•C) to give (!,)·1-((!)-2-(aethoxycarbonylamino)-3-
aethylbutyrylJ-!·[(!)·2-methyl-1-(2,2,2-trifluoroacetyl)propyl)· 
pyrrolidine-2-carboxamide (9.45 g) as a vhite crystalline solid (as 
substantially or essentially Form A); 1a NHR (300 llHz, DHSO/D20): 4.42 
(a, lH) 4.02 (d, lH), 3.73 (a, lH), 3.59 (s, lB), 3.54 (s, 3H), 2.23 
(m, lH), 2.00-1.76 (11, 6H), 0.91 (a, 61), 0.85 (d, 31), 0.80 (d, 31); 
Analysis for c18e28r3B3o5.H20a calculated; C, 48.97; B, 6.85; H, 9.51; 
Pound: C, 49.02, B, 6.ao, N, 9.66; (JDS shown in fipre 1). 

Tile starting material (!)·1·[(!)-2·(methoxycarbonylamino)-3-
aethylbutyryl)~!-[(!)-2-11etbyl-l-((!)~2,2,2-trifluoro-l­

hydroxyethyl)propyl)pyrrolidina·2~carboxamide was.obtained as follows: 

(i) H-((Phenylmethoxy)carbonyl)-L-valyl-L-proline S!£5•butyl 
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ester (905 i). was dissolved in ethanol. (4 litres) and 10% palladium on 
carbon (20 g) was added~ The reaction mixture vas shaken Under a 
hydrogen atmosphere (50psi) for 12 hours and then the catalyst vas 
removed by filtration through through diatomaceous earth. The 

filtrate vas concentrated under vacuum and the residue twice 
re-evaporated froa toluene (1 litre) to gin L-Valyl-L-Prolina 
lfil-butyl ester as.an oil (62B &)s TLC, lf•0.2, acetone~hexane 
(20:80); HS: mlz•271(K+l). 

(ii) A solution of sodiwa carbonate (110.S g) in water (l.5 

litres) and··L-Valyl.;.L~Prolin~ tart-butyl ester in ·tetrahydrofuran 
(THF; l litre) were combined and.cooled to o•c. The mixture vu 
diluted vith ether (400 ··al) 'and methyl· chloroformate (39.4 g) vas 
added dropvise. 'l'he reac1:ion·aixt1i~e vas then &!loved to vam ambient 

: .. . . . 
temperature ·over' 2 hours~· ·The layers were· separated and the organic 
phase vas washed tvice' 'vi.th 111 hydr~hl~ric acid, followed by 

saturated aqueous sodiwa bicarbonate solution and briiae. The aqueous 
phase vas extracted vith ether. All organic phases were combined and 
dried (llgS04) and the solvent r•aved to give . 
!,-(11echoxycarbonyl)-I.,.;.valyl-L-proline ntt;,.butyl es~er (125.9 g); 1H 
HD (300 lfHz, DKSO/d4..;-Crifluoroacetic acid): 4.~3 (dcl, 18), 4.06 (d, 
lB), 3.78 (m, lH), 3.57 (11, 18), 3.55 (s, 31), 2.16 (m, lB), 1.95 (a, 
3H), 1.ao (11, lH), t.42 (s, 9JI), o.94 (Iii, 68); 11S1 lllz•329 (11+1). 

(iii) To a solution of 11-(methoxycarbonyl)-L..;valyl-L-proline 
gn-butyl ester (813 ·~)'in toluene. (3 litres) ;a~ added Allberlyst-15 
ion exchange resin (190 g). Th• reaction vas heated at 12o•c to 
distill off vat~r preslent in dle resin via ~·vater/tolWme.ueotrope. 
Approximately 400. al. of di~tillate vas. co.llected. ·seating vas then 
continued at reflux for f.5 hours. the reaction vas cooled to 60•c 
and the resin vas removed by filtration. Tile filtrate vas extracted 
vith 111 NaOR (2.5 litres) followed by saturated aqueous sodium 
bicarbonate solution. · ·'Iba co.ibined ·baste extracts vere ·extracted vith 

a mixture of THF/lthyl acetate (h 1, 1 litre). and then cooled in an 
ice bath. the aqueous solution vas made acidic to pH 1.5 using calcl 
311 hydracloric acid (1 iitre) and extracted twice vith THf/ethyl 
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acetate (1:1, 1.5 litres and 1 litre). The extracts vere combined and 
vasbed vith brine, dried (HgS04), and the solvent rmaoved by 
evaporation. The resulting material vas dissolved in ether (1 litre) 
and allowed to c%)'stallize at o•c over 48 hours. The resulting solid 
vas collected by filtration, washed vith cold ether and dried under 

. 1 vacuum to give N-(methoxycarbonyl)-L-valyl-L-praline (373 g); H Niii 
(300 llHz, DISO) 12.4 (s, lH), 7.37 (d, 1H), 4.25 (cld, lH), 4.00 (t, 
lH), 3.79 (m, lB), 3.55 (a, lH), 3.51 (s, JB), 2.11 (m, lR), 1.85 (m, 
48), 0.91 (d, 38), 0.87 (d, 3H); KS m/z•273 (K+l). 

(iv) H-Kethylmorpholine (8.5 ml) vas added to a solution of 
N-(metboxycarbonyl)-L-valyl-L-proline (12.5 g) in TRF (150 ml) and the 
solution vas cooled to -ts•c in an ice/acetone bath. 
Isobutyl chloroformate (6.6 Ill) vas added dropvise and the mixture vas 
stirred for 1 hour. A second portion of N-methylmorpholine (8.5 ml) 
vas added, followed by (2!,l!)·l-amino-4-metbyl-1,1,1-trifluoro-2-
pentanol hemioxalate salt (10 g). The reaction mixture vas then 
allowed to stir for 12 hours vhiie allowing to varm ta ambient 
temperature. The reaction mixture vas diluted with ether (500 111) and 
washed successively vi1:h saturated aqueous sodium bicarbonate 
solution, lK HCl and brine. The •queous layers vere extracted vith 
ether and all organic phases vere combined and dried (K&S04). The 
solution vas filtered and the solvent removed by eTaporation. The 
resulting material was filtered through sil~ca gel using ether as the 
eluant. 'l'be ether fractions containing the product vere combined and 
the solvent removed by evaporation. The product vas dried under 
vacuum to give (!)-1-((l)-2-(11ethoxycarbonylamino)-3-11etbylbucyryl]­
lf·((!)-2-methyl-1-(!)-(2,2,2-trifluoro·l-hydroxyethyl)propyl)­
pyrrolidine-2-carbazamide (16.1 g); 1 R HD (300 JIBz, DllSO)s 7.61 (d, 
11), 7.28 (d, lB). 6.44 (d, 18) 9 4.44 (11, lH), 4.05 (11, 11), 3.98 (11, 
11), 3.75 (m, 28), J.55 (11, 11), 3.50 (s, 38), 1.83 (11, 6H), 0.90 (d, 
3H), 0.86 (d, lH); KS1 m/2•426. 

(21,3S)-J-a111ino-4-11ethyl-1,1,1-trifluoro-2-- ~ . 
pentanol hemiozalate salt, used in step (iv), vas obtained as 
follovs1 
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(i) Triphosgene (23 g) vaa added in one portion to a veli 
scirred mixture of (2!!,,3,!!)-3-amino~4-inethYl-l,1,l-trifluoro-2-
pentanol hemiaxalate s;alt (SO. g) in toluene (250 111) and 211 sodiWI 
hydroxide solution (350 m,l.). The reaction beg~' to exotherm and vas 
placed in an ice bath. Aftar o.5 ~our tJ.le reaction vaa varlaad to 25°C 
and TLC indicated a ·substantial amount of unreacted amine present. 
The pH of the salution'vas readjusted to about 12 using 501 aodi1111 
hydroxide solution. An additional portion of tr:l.phos1ene (8 g) vas 
added and the solution vas sti~ed for 1 hour. The pH of the reaction 
mixture vas lovered to pH 7 using lit hydr~chlo.tic acid and extracced 
tvice vith ether. The combined ether layers vere washed with vater, 
brine and dried (lfgS04). The solvent vas r•oved by evap~ration to 
give an oil, vhichcryjtallized u_,on standing. Tb~ resulting solid 
vas collected by filtration and washed vith etherahexane (1:1)' to give 
27 s of (4,!!),5!!)-4-ilopropyl-5-trifluoromathylomolldin-2-one as a 
vhite solid, a.p. 71-72•C; 11 Hiii (30Q MHz, DMSO)a 8.45 (s, lB), 5.11 ' . . . . 

(m, lB), 3.61 (m, lH), 1.72 (m, lH), 0.86 (d, 6B). 
. ' . 

(ii) n-Butyllithiwa (20 ml of a 10!1 solution in hexane) vas added 
to a solution of (4!!),S§!)-4-1sopropyl-5~trifluaro•thyl­
oxazolidin-2-one (35.8. g)· in l'RP (600 ml) at -1a•c, f~llaved by 
stirring for 0.5 hours. (.:)-Kenthyl chloroformate (41 Ill, freshly 
distilled) vas added follaved by continuation of stirring at -1a•c for 
o.s hours. The solution vu wamed to 25•c and the reaction quenched 
by addition of saturated aqueous sodiwa bicarbonate solution. The 
product vas extracted in~o ether anci vasbedvith water and brine. '1'ha 
solution vas dried (llgS0

4 ) a,nct cbe ·.solvent removed µnder vacuua. The 
resulting ·au crystallized upon standing to gin ··a solid which .vas 
collected by filtration.·. The solid vas washed vicb e~er:hexane (111) 

and dried to give (.4.l,5!\)-4•isopropyl~3-((1!,3!,4!>-3-2-. . . . ' . . . 
manthyloxycarbonylJ-S-trifluarometbyloxazolidiD-2-one (23.15 g); 11.p. 
138-140•c; 1H ND (300 JIHz, DJISO) =. 5.51 (clcl, 11) t 4.68 (•· 18) ,. 4.26 . . : . 

(m, 18), 2.27 (m, ti), 1.94 (d, 18), 1.78 (a, 11), 1.'2 (d, 2B), 1.42 . . . . . 19 (a, 28), 1.01 (dd, 21),.0.95-0.84 (11, 24H), 0.71 (d, 38); 1llllll 
(376.5 KHz,DKSO): -76.9910; 99% d.e. (A further crop of 4.3 g (99% 
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d.e.) vas obtained from the mother liquor). (Note: the (4!,5!) isomer 
has m.p. 80·82•c and 19ftfD (376.5 Hiiz, DllSO): - 77.0019. 

(111) A solution of (4!,S!}-4-isopropyl-3-[(1!,3!,4!)-3-e:, 
menthyloxycarbonylJ-5-trifluoromethyloxazolidin-2-one (27 g) in 
dioxana (70 ml) and 50% potassium hydroxide solution (80 ml) vas 
heated at ioo•c for 2 days. The reaction vas cooled, diluted vitb 
ether (400 ml). ad the organic layer separated. The pl of the aqueous 
solution vas adjusted to 9 (originally about 14) using 611 
hydrochloric acid. The aqueous layer vas extracted 3 times vith ether 
(300 ml). The organic phases vera combined, dried (llgS04), and added 
to a vell stirred solution of oxalic acid dibydrate (4.S g) in 
acetonitrile (100 ml). The solid vhich precipitated 
vas collected.by ~iltration, vashed vith ether, and dried under vacuum 
(60•c) to giYe 15.9 g of vbite solid. The solid vas triturated vith 
ether (300 ml), collected by filtration ad dried to give 
(2!,3!)-3-amino-4•methyl-1,l,1-trifluoro-2-pentanol isolated as its 
heaioxalata salt (13.4 g, 88% yield) as a vhite solid, m.p. 184-18&•cs 
1B NJlll (300 Dz, DllSO) ;. S.71 (ba, 31), 4.08 (ddd, lH), 2.88 (m, lH), 
1.81 (11, lH), 0.92 (11, 68); Analysis for c6H12r3BO.O.SC2H204: C, 
JB.89; H, 6.06; N, 6.48; Found: C, 38.75; H, 5.95; N, 6.47. 

(2!§,3§!)·3-Allino-4-methyl-1,1,1-trifluaro-2-pentuol used 
in step (i) was obtained as described in US patent 4,910,190. 

Example 3 
Using a similar oxidation procedure to that described in 

Example 2, but using (!)·l-[(!·)-2-(11ethoxycarbonylamino)-3-
aethylbu~l]-!!-[2-•ethyl-1-(2,2,2-trifluoro-l-hydroxyethyl)propyl)­
pyrrolidine-2-carboxamide and adding the.potassium penanganate 
solution at s-1o•c and then stirring at 1o•c for one hour prior to 
treatment Vitb methanol, there vaa obtained ·(after vork-up by 
extration into l!,ll-butyl methyl· ether, folloved by vashing vitb brine 
ad concentration in vacuo) C!)-1• [(!)•2-(methoxycarbonylaaino)-3-
metbylbutyrylJ-!·12-methyl-1-(2,2;2-triflUoroacetyl)propyl]­
pyrrolidine-2-carboxamide as a11111 (in 75% yield); SSS:SSll ratio of 
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53:47; hydrata:keton• 1:1; 1ll NDsill:llar to that of the product of 
Exa11ple 1. (Using a aiailar.procedme, but adding the potasaim 
permanganate solution at ambient temperature instead of s-1o•c, the 
product vas obtained in a ratio of SSS:SSI of 47:53.J 

The starting material (!)-1·( (!)-2-(methozycarbonylamino)-
3-methylbucyryl)-!·(2-methyl-1-(2,2,2-trifluoro-l~hydroxyethyl)­

propyl}pyrrolidine-2-carbox..U,de vas obtained as 811 oil (in 55% yield) 
using an analogous procedure to tbat·desci:ibed in ·Example 2, part 
(19), but using l-amino-4-methyl-1,1,1;.trifluoro-2-pentanol (as a 
mixture of diastereoiso•rs), itself .obtained· as described in USP 
4,910,190 or as follo~s: 

(1) A solution of urea (72 g) in DKF (810 ml) vas added to 
sodiWll nitrite (90 g), stirred for 10 ainutes and then cooled to u•c. 
Isobutyl iodide (97.2 ml) vas added over 30 minutes and the reaction 
mixture alloved to stir at ambient temperature for 20 hours. The 
mixture vas re-cooled to 1s•c and vater (810 111) vas added slovly. 
'rhe mix1:Ure vaa vas stirred for 5 minutes at ambient temperature and 

then extracted trice vith methyl S!n,·butyl ether. The combined 
organic extracts vere vashed twice -with 201 aqueous aodiWll 
tbiosulphate solution and concentrated under vacuum to give 
2-methyl-1-nitropropane (39 g), vbich vas used vithout further 
purification. 
(ii) 3A Molecular sieYes (27.04 g) were heated at 12o•c under 
vacuWll for 20 hours and added to a solution of 2-metbyl-1-nitropropane 
(13.0 g) in •tbyl Dn-butyl ether (420 al)• Tile mixture vas stirred 
for 5 minutes, pataSsim carbonate (64.5 g) added alid the llixture 
stirred a further 30 ainuua. 'Ebe mixture vas cooled to is•c and 
fluoral hydrate (22.0 g) vas added oYer 30 iainU:tes. ·· The reaction 
mixture vas stirred at ambient tmaperature for 16 hours, then cooled 
to 1s•c and vater (270 ml) added. ·After stirring for 5 llinu.tes at 
aabient t•perature, the organic pbu• vu leparated and washed vith 
10% aqueous.potaslim carbonate, 211 hyclrocbloric acid solution and 
vater. Solvent vas then removed by evaporation undef reduced pressure 
at a temperature belov 40•c and the oil a.zaotropad dry vitb isopropyl 
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alcohol at a temperature balov so•c to give 4-•tbyl-3-nitro-1,1,1-
trifluoro-2-pentanol (21.3 I) as an oil, which was used vitbout 
further purification. 
(iii) A solution of 4·11ethyl-3-nitro-1,l,l-trifluoro-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 vas complete. The catalyst vas removed by 
filtration through diato•ceous ea:rtli and. the filter cake vashed vitb 
isopropanol. The filtrate va1 evaporated under vacuum until no 
further isopropanol distilled and the re•idue 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 
S•C. The product which crystallised Vas collected by filtration, 
vashed vith cold acetonitrile and dried at so•c to give 
J-amino-4-metbyl-1,1,1-trifluoro-2-pentanol as its oxalate salt (9.08 
g). . 

Example 4 

Hexane (13 al) was added to a solution of (!)-1-((,§)-2-
(methoxycarbonylanino)-l-aethylbutyryl)-!!-[2-methyl-1-
(2,2,2-trifluoroacecyl)propyl)pyrrolidine-2-carboxamide (0.85 gs 
SSS:SSll 53:47; hyclrate:ke~one i:l') in tert-butyl-11ethyl--ether·-(8.5-lll}-·- -
until cloudiness perdsted. "The-solution·. vas then· warmed-to -give- -a- ·­

clear solution, seeded vith substantially pure crystallina·sss·-­
diastereoisomer and allowed to stand. A white solid czystall1ied 
vhich vas collected by f lltration to iive 
<!l·l·L(!)_·2·(~thoXJC&rbonylaldno)-3~11ethylbptyryiJ~!!~[..(!)-_ 
2-methyl-l-(2,2,2-trifluoroacetyl)propyl)-pynolidine·2-carboxaaide as 
a crystalline solid in 301 yield, SSS:SSR 95:5; bydrate:ketone 80:20; 
HH1l similar to that of the product of Example 2. 

Example 5 
Uaing a similar procedure to that described ia Example 4, 

but starting with a diaatereoaeric llixture of SSS:SSI 53:47 (1.73 g) 
and hydrate:ketone 9515, but adding 361 v/v hydrochloric acid (0".06 
Ill) and water (0.04 ml) to the crystalli~ation solYent prior to the 
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addition of the hexane, crystalline SSS cliastereisoaer vas ob~ined in 
22% yield with SSS:SSI 98~5:1.S and substantially or essentially in a 
hydrate form. 

Examule 6 

Using a similar procec$ura to that described in Example 5, 
but excluding the hydrochloric acid, a crystalline diastereomeric 
mixture vas obtained vith SSS:SSI 65:35 and, substantially or. 
essentially in a hydrate.form~ 

Exanmle 7 

Using a siailar procedure to that described in Example 5, 
but stan:ing vith a diastereo•r:i.c mixture of SSSsSSI 47153 and 
hydrate:ketona 60:40, crystalline SSS diastereoisO.r vas obtained in 
18% yield vith SSSaSSB. 98.S:l.5 and substantially or essentially in 
a hydrate farm. 

Example 8 

The produc't of Ex•ple 2 (5J) was dissolved in 
1,2-dimethoxyethane (DilE; 6111) vith slight warming. Vater (5ml) vas 
carefully added to the· solution to give a clear solution. The 
solution vas alloved to cool to ambien~ temperature, seeded with 
substantially pure crystalline SSS diastereoisOll8r and alloved to 

stand for 16 hours. The crystalline ••• which bad fo1119d in the 
bottom of the vessel vas·carefully broken up and collected by vacuum 
filtration. the cryS1:alliae product vaa va1hed vith a mixture of Diii 
and water and allowed ·ta: d'.r1 ··111 a curr~t ~f air f~r 16 hours to give 
crystalline SSS dia1tet.ois0mer (con~ain:l.ng les1 then 21 SSI 
diastereoisomer) •as subsUnti~ly or.essentially rom B, vith a water 
content of 7.3'1 v/wJ (JDS $pectrum shovn in figure 3). [Using a 
similar procedure but using recrystallised rorm A as starting 
material, Form 8 vas obtained.haYing a·vater content of 7.7% v/v.) 

lxamole 9 

The product of Ex•ple 8 (4.78g) was dissolved in emyl 
•. 

'. ~' 
~ . ' 
,•·.·· 

~- .. : 

~- .. 
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acetate (14.7ml) vith varming ~o 60•C under an inert atmosphere. 
Hexane (22ml) vas added slovly and the solution vas allowed to cool to 
22•c. · The Cl'Ystalline product vas collected by filtration and vashed 
~ith hexane (lOml), then a~loved to dl'Y in a current of air to give 
crystalline SSS diastereaismaer (containing less then 2% SS1 
diastereoisomer) as substantially or essentially !01:11 A, vith a vater 
content af 4.1% v/v. 

Examole 10 

The product of Example 2 (lg) vas dissolved in cyclohexane 
(20ml) and the solution vas distilled at atmospheric pressure at ao•c 
to reduce the volume to 7ml. The clear solution vas then alloved 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 vaa thus 
obtained crystalline SSS diastereoisoaer (containing less then 2% SSll 
diastereoisomer) in substantially or essentially the •ketone• form; 
(IDS spectrum shovn in Figure 4). 
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Chemical Formulae 
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Scheme 1 

+ 

, ... Me.•u) I (a} 

' 
(b} 

H~~Nx~· (d) 
O CF ,.. 

O NH 
3 

OH 

0<;01~2_~ 
0 CF .. 0 NH ... 

. OH 

,,x,,,,, (c) 

OH y 

caz.~r:Ty CF 

O OJ_NH~ :a 

OH 

CBZ • benzyloxycarbonyl 

----------------------------------------------------------------------
suitable conditions include: 
(a) DllF ,--1~hydro2')'be11ztri-azo-l-e;·· lt:ff-,. dicyclohexylcarbodiimide.,_~c .to_ _. 

ambient temperature 
(b) a.tau: trifluoroacetic acid, ca2c12, o•c to ambient temperature 

l•He: methanol/aqueous N'aOH, ambient temperature 
(c) 11uo.co.Cl, N-met:hylllorpholine, 'l'RF, -Js•c to o•c, folloved by tbe 
aminoalcobol 

(d) B2, 10% Pd-C, EtOH 
(e) ·CB30.co.c1, Et3N, ca2c12, o•c 
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Scheme 2 
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Schelle 2 (con~inued) 

Suitable conditions for Scheme 2 include: 
Steps (1), (8), (9): as for Step (d) of Scheme l; Steps (2), (7), 
(11): KeOCOCl, Et3N or N-aethylnorpboline, CH2Cl2 or THF, o•c to Jo•c; 
Steps (3), (6): trifluoroacetic acid, CH2C12, o•c to ambient temp; 
Steps (4), (5): as for Step (a) of Scheme 1; Step (10): Ke3SiCl, THF, 
N-methylmorpholine, 0-Jo•c; Step (12): acidic aqueous hydrolysis; 
Steps (13), (14): as for step (c) of Scheme 1 

--------------------------·-----~-------------------------------------
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llhat is claimed is: 

1. A compound of formula I 

or a solvated form thereof, or a lcetal or hemi-lcetal thereof, as a 
diastereomeric mixture comprising 50% or more of the diastereoisamer 
of f armula Ia 

or a solvated fom thereof, or a ketal or hemi-ketal thereof. 

2. A compound as claimed in claim 1 vhicb :La the co•pouad 
(S)-l-[(.!)-2-(methoxycarbonylamino)-3-methylbuty1'7lJ-!!-[2-methyl-1-
(trifluoroacetyl)propyl)pyrrolidine·2-carboxailide, or a solvate 
thereof, both :Ln the fom of a diastereoaric mixture of (!,)-1-((!)-2-
(methoxycarbonylamino)-3-methylbutyrylJ-!·((!)·2-methyl-1-
(trifluoroacetyl)propyl)pyrrolidine-2-carboxamicle or a solvate thereof 
and (!)-1- [ (.§;)-2-(aethoxycarbonylaaino )-3-metbylbutyiylJ-!· ( (!)-2-

methyl-1-( trifluoroacetyl)propyl) py~rolidine-2-carboxamide or a 
solvate thereof, ancl in tbe fom of the 111bstant~lly or easenti-1.ly 
pure diastereoisoaer C!)·l-((!)·2-(me~oxycarboaylamino)-3-
aethylbutyrylJ-!·((!)·2-methyl-1-(trifluoroacetyl)prapyl)pyrrolidiae-
2-carboxamide of formula Ia or a solvate thereof. 
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3. A compound, solYate, ketal or h•i-ketal as claimed in claim 
1 or 2 vhich is in a crystalline form. 

4. A cmapound or solvate as claimed in any preceding claim 
vhich is in the form of the substantially or essentially pure 
diastereoisoaer of formula Ia or a hydrated form thereof. 

5. A compound as claimed in any preceding claim vhich is in the 

form of the substantially or essentially pure diastereoisomer of 
f omula Ib 

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

6. A coapound as claimed in claim 4 vhich is crystalline, is in 
a hydrated fora and has an I-ray powder diffraction pattern including 
specific peaks at about 2-theta • 10.a, 11.4, 15.4, 21.6 and 21.9 
degrees. 

7. A compound as claimed in claia 4 vhich is crystalline, is in 
a hydrated form and has an X-ray povder diffraction pattern including 
specific peaks at about 2-tbeta • 7.2, 7.4, 9.0, 9.2, 10.8, 11.3, 
14.5, 15.9, 17.8, 19.7 and 22.S degrees. 

a. A pharmaceutical coapoaiticm coaprising a compound, sol•ate, 
ketal, hemi-ketal or pharmaceutically-acceptable salt as claimed in 
any preceding claim, together vith a pharmaceutically-accept:able 
diluen~ or carrier. 
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9. A process for the 11~u~~~ure of a ca11pound as claimed in 
claiJI 1, or a solvated form thereof, vhich comprises oxidation of a 
compound of formula II 

CH,()1~0 ~CF II 
0 ')-NH 3 
. -- 0 .. 

HO 

vitb a suitable oxidising agent. 

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

llo. 

is uaed as starting material. 

11. A process as claimed in claim 10, followed by forming 
czystals from a solution of the product in a solvent selected from 

'> butyl acetate, a mixture of butyl acetate and hasane, a •izture of 
acetone and vater, a liixture of ac~tone ~ hexane, a mixture of 
acetone and petroleum ether b.p. 100-1zo•c:,a a:t.xtul'e of 

. . '··' . ··. . . . . . . . 

1,2-dillethoxyethane and llexane, a llixtul'e of ~,2-climethoxyetbane, 
water and hexane, a mixture of edlyl acetate and hexane, a 11ixt11.re of 
ethyl acetate, hexane and vater, va'ter, a mixture of dibutyl ether and 

' : 
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hexane, a mixture of dichloromethane and hexane, a mixture of methanol 
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 11ixture of acetone and water, a mixture of 
acetone and hexane, a mixture of acetone and petroleum ether b.p. 
ioo-12o•c, a mixture of 1,2-dimathoxyethane and hexane, a mixture of 
1,2-dimethoxyethane, water and hexane, a mixture of ethyl acetate and 
hexane, a mixture of ethyl acetate, hexane and vater, and vater 

13. A CDllpound obtainable by the process of claim 11 or 12. 

14. A compound of the formula II or Ila. 

15. A process for the manufacture of the intermediate 
(2!,3!)-3-amino-4-methyl-1,1,1-trifluoro-2-pentanol, or a salt 
thereof, vhich comprises 
{i) reaction of (4!!,5!!)-4-isopropyl-S-trifluoromethyl-
oxazolidin-2-one, or an alkali metal salt thereof, vit:h (·)-menthyl 
chloroformate to give (4!£, 5!!)·4-isopropyl-3-[(1!,3!,4!)-3-1-
ment:hyloxycarbonyl}-5-trifluoromethyloxazolidin-2-one; 
(11) separation of tbe (4!,5!)·4-isopropyl-3·[(1!,3!,4!)-3-1-
menthyloxycarbonyll-5-trifluoromethyloxazolidin-2-one isomer; and 
(iii) hydrolysing the (4£,5!)·4-isopropyl-3-[(1!,l!,4!)-3-2-
menthyloxycarbonyl)-S•trifluoramethyloxazolidin-2-one isomer under 
basic conditions to give (2!,3!)·3-amino-4-methyl-1,1,1-trifluoro-2-
pentanol. 

16. A method of· administering a compound of claill 1, or a 
solvate thereof, to a h~ in need .~reof far trea'tlllellt of a disease 
or condition in which human leukocyte alas~se is implicated. 
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hexane, a mix~re of dichloromet:hane and hexane, a mixture of met:hanol 

and toluene, a mixture of ~-b~:cyl methyl ether and hexane, a 
mixture of isopropanol and hexane and a mixture of tetrahydrofuran and 

hexane. 

12. A process for preparing a compowid 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 

bu:cyl acetate and hexane, a mixture of acetone and vater, a mixture of 

\.J ace-cone and hexane, a mixture of acetone and petroleum ether b.p. 

l00-l20°C, a mix~ure of 1,2-dime'thoxye'thane and hexane, a mixture of 
l,2-dimethoxyethane, vater and hexane, a mixture of ethyl ~cetate and 
hexane, a mixture of e'thyl acetate, hexane and vater, and vater 

v 

,. 

13. A compound obtainable by 'the process of claim 11 or 12. 

14. A compound of the formula II or· IIa.-

15. A process for the manufacture of the intermediate 

{2!,3,!)-3-amino-4-me'Chyl-l,l,l-trifluoro-2-pentanol, or a salt 
thereof, vhich comprises 

{i) reaction of (4!§_,S.§!.)-4-isopropyl-5-trifluorome'Chyl-

oxazolidin-2-one, or an alkali metal salt thereof, vi'Ch (-)-menthyl 

chloroformate to give (4!§_, S~)-4-isopropyl-3-[(l!,3!,4§.)-3-l!,­

men-chyloxycarbonyl]-5-trifluorom~thyloxazolidin-2-one; 

(ii) separation of the (4!,5!)-4-isopropyl-3-((1!,3!,4!)-3-!-
ment:hyloxyc~rbonyl]-S-trifluoromethyloxazolidin-2-one isomer; and 
(iii) hydrolysing the ( 4!, 5!)-4-isopropyl-3- {( l!, 3!, 4!,)-3-g,-
menthyloxycarbonyl} -5-trifluoromethyloxazolidin~2-one isomer under 

basic conditions to give (2!,3!)-3-amino-4-methyl-l,l,l-trifluoro-2-
pentanol. 
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