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PCT/ SE98/ 00622 ANTI VI RAL PROTEASE | NHI B} TORS Technical field This invention
rel ates to WEN&USPPot ease inhibitors and in particular to i nhPETSEPHOMSR2 ¢ he
aspartate protease possessed by certain retroviruses, notably H V. The

i nvention further 5 r el at cANTEVIRAL PROTEASE EINHIBIFORS e | nhi bitors in the -
treat ment of ?%@%lhggs caused by retroviruses and in the preparation of
medi canment s for 'S purpose. The invention also relates to novel. synthesis
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al though it redensgyefodral enzymes. The enzyme responsible for this task, HIV protease, is a virally
encoded homodimeric protease belonging to the aspartic protease family of enzymes. The
human renin and pepsin enzymes also belong to this family. Inhibition of the HIV protease
in cell culture prevents viral maturation and replication and thus this enzyme represents an

20  attractive target for antiviral therapy against HIV in humans.

There are several references in the patent literature describing inhibitors of HIV protease,
typically peptidomimetics having a large number of chiral centres. For example, Abbott
Laboratories have extensively investigated linear peptidomimetics as described in a series of

25  patent publication commencing with EP 402 654 and culminating in Abbott’s application
no. WO 94 14436 describing optimized linear peptidomimetics and in particular the

compound Ritonavir:

30

Norvir as this compound is now known, is registered by the FDA and although it has good

clinical efficacy, its synthesis is arduous. The synthesis difficulties which have characterized



clinical efficacy, its synthesis is arduous. The synthesis difficulties
whi ch have characterized 2 prior art protease inhibitors can be , .
under st ood vy 98/46386-r i ng t 0 Roche' s protease inhibitor saqui n&®IT/SE8/00622
(I'nverase): . According to literature reports, this conpound requires a :
synthesis route of some 20 steps 5 resubting in an overall yield reputed
t o be ar ound pelofdrt prbtessednHibitozsitan bs ynddestdbodobyareferrirgiio Riothe’ sprbleaselhibiteessur e
on treatnment cost a@ﬁ‘gﬁfﬁuction capacity. Merck's US patent no. 5 413 999
descri bes i nH e conpounds, including its currently marketed
product indinavir: 10 Merck's EP 480 714 discl oses_a~symretric protease

i nhi bitor having term nal indanolam ne g oups spacaﬂ.-y a 7.carbon
backbone: These conpounds are prepamed y reonpd e yChodol ogy starting from
an al kenedi ol . Banyu's Japan é H calieQ Ao 7242613 A al so
describe symmetric protease bﬂ org h V|ﬁg i ndapol ¢m ne term nal groups
spaced by a 7-carbon backbon wher e H _ob al kyl . These
conpounds are prepared by BuLi - al kyl'ati on of

i sopropylidine-N[2(R)-hydroxy-(1S)-indanyl]- ohenylpropanannlde W th
2-chl oro-2- ¢hl or.onet [ fol | owed b ion uct ifon. and
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will put pressure on treatment cost and production capacity.

Merck’s US patent no. 5 413 999 describes indanyl pentamine compounds, including its

currently marketed product indinavir:
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Merck’s EP 480 714 discloses a symmetric protease inhibitor having terminal indanolamine
groups spaced by a 7 carbon backbone:

N S

These compounds are prepared by complex methodology starting from an alkenediol.

Ph

Banyu’s Japanese patent application no 7242613 A also describe symmetric protease

inhibitors having indanolamine terminal groups spaced by a 7-carbon backbone:



It will be apparent that with these inhibitors, the benzoyl noieties
esterified to the G1 and 10 C-6 hydroxy groups of the mannitol precursor
are i nt ende¥Ot98/4533p| the P1 and P1' pockets of the H V prot eaBETHEPN622
site. Amno acid functions, such as valyl, are am de bonded to the C2 and
C-5 hydroxy groups and are intended ko fild the P-2 and P-2' pockets of the
enzyne. These conpounds are pregared by brd,.dg,jyrfb t heol$- and 4- hydroxy groups
wi th isopropylidine, epoxidising a r i.ng lopehi nﬁ e term nal hydroxy
groups with a nucl eophil e suc ar cgfol | owed by am dation of
the resulting free hydroxy grogps\w Oh a respe®@iv 1 no acid.
Alternatively the isopropylidi rotected manni t o » first am dated on
the nore active CG1 and C-6 (te nal ) hydroxy gro with the amno acid

P-2 filling : tarifl with th | j ties he C 2
and G5 hydr g&(h% %‘? 683?) gr_ ltog'gpa]ﬁahe CS% &%ﬁf? ot és T%%r%? %? %ﬁfé‘s’“{%@ﬁ”pog&eﬁf
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potential appgpaches .to the nstruction o rotease, i nhi hitors. One o

t hese approa 8’50“5? 'Pé‘?ﬂST‘%ygé% CSEYYBWH?%F@?’B?WsdGP‘%P% becones the
central bgckbone of a symmetric protease inhibitor. Exanples 305 and 307 of
EP 402 646 describe the ri nq-openi ng of a mannosaccharodil actone and the
addi tion of t¥riE¥X riaternatipnahpatent ppplicagien no W 94413628 explores the use of a mannitol

3, 4- 0-1 sopr oRyibbRdiste BretstSsido prdpRe BbHBoES bf4RE fokRulal Ne aryl groups which
are to fit into the P1 and P1" pockets of the protease are added
subsequently via triflate activation at the G2 aplx{-5 positions of the
car bohydrat e backbone and these are | ater coevert o phenyl thi o groups
before the isopropylidine bridge is renoved. "SF A awbacks with this
process are the inevitable inversion of the copfigurations of C3 and G4
and that while reagents such as thi ophengl cari”be used to di spl ace the
triflate leaving group in the manner_sho in EP 402 646, this can only
produce t hi oet her val ~ -~ Val
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It will be apparent that with these inhibitors, the benzoyl moieties esterified to the C-1 and

10 C-6 hydroxy groups of the mannitol precursor are intended to fill the P1 and P1’ pockets of
the HIV protease active site. Amino acid functions, such as valyl, are amide bonded to the
C-2 and C-5 hydroxy groups and are intended to fill the P-2 and P-2’ pockets of the enzyme.
These compounds are prepared by bridging the 3-and 4-hydroxy groups with isopropylidine,
epoxidising and ring opening the terminal hydroxy groups with a nucleophile such as aryl

15  alcohol followed by amidation of the resulting free hydroxy groups with a respective amino
acid. Alternatively the isopropylidine-protected mannitol is first amidated on the more active
C-1 and C-6 (terminal) hydroxy groups with the amino acid P-2 filling groups and then
esterified with the benzoyl moities on the C-2 and C-5 hydroxy groups.

20  One of Abbott Laboratories’ early patent publications in the protease field, EP 402 646,
describes a great number of potential approaches to the construction of protease inhibitors.
One of these approaches also employs a carbohydréte precursor which becomes the central
backbone of a symmetric protease inhibitor. Examples 305 and 307 of EP 402 646 describe

the ring-opening of a mannosaccharodilactone and the addition of terminal valine esters to



15 derivatives for the P1 and P1' filling groups. At a superficial |evel
it could be thought that the triflate | eaving group could be displaced with
convent i ongto 98/488bmt i ng reagents such as al koxi de to gi ve an FCTASEg06M22d
P1/P1 filling group. However we have discovered in this prior art process
that the use of alkoxide tends to elimnaue the triflates producing an

ol efin, inst eufha3,4-0Botopyliling-boidpedadipaindde deriioatviet Tierdryl gaéhpb/mdivhardoditsne

et al in "Sypthesis of Potenti Candi dat es r Therapeutic. Intervention
Suar st Tt he. B B #na R RerRaes S PRrepsrcars added e 1o affard Sravais:
descri bes t hgheq@PRANOS PAsitions &F thd ruhy datbackboneandahesy hredakedondditbditb e
phenyl al ani ne. anal og. These conpounds _are prepared froman L-mannaric acid

precursor vi Bhenyithigggqyes haforethejsontepyligine hudge isrempyeds 4 hydroxyl s of the
hexitol wth isopropylidine, ii) protecting the C1 and C-6 primary

hydroxyls, 5 iii) O-alkylatigg the ng,aﬁ,gqe%-;@stg}ydr oxyls to the aral kyl
ethers, iv) oxidating thed>1{and C 6 prH#,8e;0m afles t 0 carboxylic
aci ds; and v) condensi hd resol ti ng3cHfipanhyadderi t h t he appropriate anino

acid (ester) termnal gro ~0Thi s net hodof®gy nay be graphically
represented as follows: Hbe appropriate valine or phenylal anine (ester) end
unit is then condensed onto the ternChal G boxyl s in dichl oronmet hane- THF
usi ng HOBt - EDC coupling conditi ons.0=$espi§eot he need for protection,

oxi dation and deprotection ste@s, fh@ Bjofsng s¢nthesis nmethodol ogy is an

i nprovenent over the ve Lhspavent | onat—
pepti dom neti c synt hesi 5 i navir above). The
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The drawbacks with this process are the inevitable inversion of the configurations of C-3

and C-4 and that while reagents such as thiophenyl can be used to displace the triflate
leaving group in the manner shown in EP 402 646, this can only produce thioether
15  derivatives for the P1 and P1’ filling groups. At a superficial level it could be thought that
the triflate leaving group could be displaced with conventional alkylating reagents such as
alkoxide to give an O-alkylated P1/P1’ filling group. However we have discovered in this
prior art process that the use of alkoxide tends to eliminate the triflates producing an olefin,
instead of the desired O-alkylated substituent.
20
Magnus Bjorsne et al in “Synthesis of Potential Candidates for Therapeutic Intervention
against the Human Immunodeficiency Virus”, Stockholm University, 1995 describes the
compound
Ph
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activation, the preferential reactivity of the "wong" C3 and C-4 atons
and ot her drawbacks of the Abbott EP 402 646 process. However the conpounds
proposed byWe} %453 have inadequate antiviral properties. ThePBESEIHIGRZNe
conpound, where the termi nal am nes are valine nethyl esters (depicted
above), has an ICerr] of 5 [err]M which should be conpared to 20
currently rrarlhelc(-mesp@mﬁmzﬂ nmmd&@hﬁmldmitmuelogqgsc ]:ompdulum p&pﬂ'fbd
nore orders o V, i scovered a novel group o
conmpounds w t m‘ﬁ%ﬁ ragn%%\@ 'l}%%‘n?“ﬁ?ﬂegxngnormol ar 1 C50 range and which
| end t hensel viébridgxngthn@v&hndza-ﬂﬂwulpdyhbembaenatrbl wymsbpxgpﬂxdaﬁz é ecBnl que V\:hl6 ch
IS even nore £onve se of .the prior art discussed above.

Accordi ngly, % BPFE ng(g\éep'féjc1 8@?%’“?‘?{\%%1‘3@?1 provi des novel conpounds of

t he fornulsa Im)B—alk;ﬂatfrlgtﬁB-tE-erm]iC-ﬂ drcb)@lsl'ﬂotlﬁl'dﬁ'ﬂkﬂ]:th&ﬁ Dis a bond, Clerr]

Pis an o tlon t ut npno cli¢ carbo-, or heterocycl e; R
is H, anypof hex g‘f‘Fa¢ g 8)‘1‘3“1‘?&%/59?31 oxyHcagidgands

car boxacet am @Q:ondﬁhmﬁg ﬂfeQbH%ltﬁgibﬂbéﬂndMlth&h@a@%yﬁa@ranﬁrg actd @ﬁtﬁ‘}) 'te)n'mn 5 Qis
absent, a bond, - r]-; or R""together with

CHL.OH)
define an optgre?i?fiws%B@F?IP&M@ENBCE’PP*BC%WE@eWr Blawsor heterocycl ic
ring which is optionally fused with a further 5 or 6 nmenbered carbo- or

het erocyclic ring; with the proviso that R is - , -N(CH3) 2,
-N(R[err])OQ[err] or -DPif Mis a bond and Qis 20 absentpy
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10
The appropriate valine or phenylalanine (ester) eﬁd unit is then condensed onto the terminal
carboxyls in dichloromethane-THF using HOBt-EDC coupling conditions. Despite the need
for protection, oxidation and deprotection steps, the Bjérsne synthesis methodology is an
improvement over the very large number of steps in conventional peptidomimetic synthesis

15  (see the discussion of saquinavir above). The Bjorsne process also avoids the triflate
activation, the preferential reactivity of the "wrong™ C-3 and C-4 atoms and other drawbacks
of the Abbott EP 402 646 process. However the compounds proposed by Bjérsne have
inadequate antiviral properties. The best Bjorsne compound, where the terminal amines are
valine methyl esters (depicted above), has an ICso of 5 uM which should be compared to

20  currently marketed protease inhibitors which have ICs, values one or more orders of

magnitude lower.

We have now discovered a novel group of compounds with antiviral properties in the
nanomolar ICs range and which lend themselves to a novel carbohydrate based synthesis

25  technique which is even more convenient than those of the prior art discussed above.



Xis H OH OCH3; Yis H OH OCH3, but X and Y are not both H, Z' and Z"
are independently -(CH2)nP where P is as defined above; n and in are .

i ndependentwp98/48330r 2; 25 and pharnmaceutically accept abl e RGI/SEISA9622
prodrugs thereof. 7 Compounds of the formula | are active inhibitors of-
aspartyl proteases, such as those fromH ¥. Further aspects of the

i nvent i on t husccprdinglyd @ first aspeptof theduventiorcprbvifiesnowélacoimpounsts wpthe Sonmmlanl:
conmpound of the formula | in adm xture with a pharmaceutical acceptabl e
carrier or diluent; 5 - the use of a conpound of the fornula | in
the manufacture of a medicament for the prophyk@xis or treatnent of

condi tions, such as AIDS caused by r such as HV; and - a

met hod for treating conditions caug Wruses especially AIDS in
humans, conprising adm nistering formilal toa subj ect
afflicted 10 w th said condi . Yhe conpounds have a rel atively
| ow ol ecul ar wei ght and shoul d t hefefore provi de Igood oral absorption
properties in manmals. In contrast to prior art aspartyl protease
inhibitors, the canpounds of the invention can be conveniently prepared
with a small nunber of steps 15 fromreadily avail able and cheap starting
material s,s sughas Ly mg@gg&ﬂukgg&gﬁgfﬁg tdrdnfitaGeMerci al l'y avail abl e
precursors or derivatives, suc mannoni c-y-| actone. A further aspect
of the invention thus provides a neppod for the preparation of a conpound

of the formula | 20 N R
7 \T/ Q_ ,/’
Rll II

wherein:

R’ is H, CH;, C(CHs),, -OR?, -N(R%),, -N(R)OR® or -DP
R’’’ is H, CH;; R* is H, C-C; alkyl;
10  Disabond, C,; alkylene, -C(=0)-, -S(0)- or -S(0),- ;
P is an optionally substituted, mono or bicyclic carbo- or heterocycle;
R” is H, any of the sidechains found in the natural amino acids, carboxacetamide, or a group
(CH;)eDP; |
M is a bond or -C(=O0)N(R’”)-;
15  Qis absent, a bond, -CH(OH)- or -CHy-;
or R” together with Q, M and R’ define an optionally substituted 5 or 6 membered carbo- or
heterocyclic ring which is optionally fused with a further 5 or 6 membered carbo- or
heterocyclic ring;
with the proviso that R’ is -OR?, -N(CH;),, -N(R")OR® or -DP if M is a bond and Q is
20  absent;
Xis H, OH, OCH;;
Y is H, OH, OCH;, but X and Y are not both H;
Z’ and Z” are independently -(CHj),,P where P is as defined above;
n and m are independently 0,1 or 2;

25  and pharmaceutically acceptable salts and prodrugs thereof.



where X, Y, Z' and Z" are as defined above and each of A and A" are

i ndependently: a group of the formula Il or a conventional protease
P-21P-2' fiWOi9¥4530oup, 25 the nethod conprising i) O al kyl aPCESERS/00522
L-mannaric-1,4:6,3-di-lactone to formthe Z' and Z" groups, ii) opening-
of the lactone with sinmlar or different grimary or secondary anmines to
formthe res%ta?cti ve, A d A"%lgroup_s; .and iii) optional conversion of the

a
C-3 and G 4 "’cPﬂ‘é“déﬁBF'Bg?fiﬂ%ﬂ age agltye inhibjtosy pfaspastyl preteagssasush as dpse from

nmet hod aspec f.the invention. can. be depic{ed as foll ows: The nethod
aspect of th Ii9h ef%sﬁeﬁq§°tlﬁﬁeé’l“¥?'ﬁ‘8f‘?“ﬁ§g‘ﬂ'“{eb produce the conpounds of

f la 10 I I ' t .al b d ) t
i bi tor s wit h oo AP ERTREAre Brdoth AR ot e AT r Ot | on
f the Z d z¢ . . . C- 5 hyd s i t [

ios poﬁv_eni 22t|y cgétgt*g%egﬁt%lgw é a%ﬁ‘ral??egﬁa%\lﬁac{iﬁ“trﬁlémg&éﬂ{:g)p())r/i Zt:an step 1)
derivative: E(CH2) g2 web6f £compbind ﬁh@fohﬂblgsimhf G‘igaﬁg%a@ﬁ:?e oftaﬁﬁ%dsic%én%n oggﬁgfep

and n are as described above'in the presence o ase suc ca

metal hydride or hpikis|6r AEmé of dinBitiofs, SNV NIDBEaiked By Nefdvi
“di et hyl f or mam de?wt;emhydr of ur ag orn ace? one. Conveni gnt ?’y t%\’gu%fksyf%ti ng

agent is benzyl ta¢HIW:@m@aceti mdate in conjunction with a proton or a
Lewis acid, ei. trimethylsilytriflate. 20 The ring opening in step ii) to
i ntroduce the am nemethod fornreatny dnditiohs/abieddy réirovarsks espadidlyCaIDg gd out
usi ng standard conditions in solvents such as di oxane, nitronethane THF,
9 diglym DVF or DuB@s, semprising adminisedring alebmpolmdse forimlll B aGubRctstlibeline
car bohydrat e

10 with said condition.

The compounds have a relatively low molecular weight and should therefore provide good

oral absorption properties in mammals. In contrast to prior art aspartyl protease inhibitors,

the compounds of the invention can be conveniently prepared with a small number of steps
15  fromreadily available and cheap starting materials, such as L-mannarodilactone or its

commercially available precursors or derivatives, such as L-mannonic-y-lactone.

A further aspect of the invention thus provides a method for the preparation of a compound

of the formula I
20
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where X, Y, Z’ and Z” are as defined above and each of A’ and A” are independently:
a group of the formula II or a conventional protease P-2/P-2’ filling group,

25  the method comprising

i) O-alkylation of an L-mannaric-1,4:6,3-di-lactone to form the Z’ and Z” groups,




derivative and the particular amne involved. For ease of syntheésis it is
generally preferred that the termnal amnes A and A" are 5 i denti cal..
However, alywbopasssphe target enzynme is a symmetric diner, thuRCT/SESSIN63 a
tight interaction with .symetric conpounds, it can in some circunstances be
advant ageous for resistance or pharnacokigeti c reasons etc to have
asymmetric termnal amnes. Wiere is it is desired to have an asymetric
conpound, t hai) openingufitiee ladtene Avithesialilax 'or gliffenge pdinhfyar sedondaxy hinings tocforth the be
nost convenient to add the respective A' and A" groups sequentially. This
can 10  be denpectiva Adand Ahigronpnaand t h appropriate protection of one of the
rings of the dilactone, but may al so be achi eved by _mani_pul ati on of the

r eagent concemwpnain@wersm@fﬂwrc-amct‘%'@ﬁh,eammgatea‘rané 18P etc to
provi de a nonoami nated | actone which is separated by conventi onal

t echni ques' or am ne neutralization, prior to reacti on with the second A or
A" am ne. Al te ?tlvelg% he di ferentl al % H1 ?Hat ion can be
achi eved ﬁn t HA‘%FW ept s g‘if‘?‘?PF@é’ the jveption 428 be fepie ﬁ%?s "N partially

am nated | actone is secured to a solid phase substrate, such as pol yner
beads of which many are known in solid phase chensitryyyfor instance

Merrifield resin. | ilization of the |act®ne in fashign wll only
all ow am nation on a deafig cactone ri E; hemne aﬁaﬂb@/es such a
schene in the contexb’2 Tonbi n i dl hesi €lof a I'Wgrary of
conmpounds in accor dancq_gio\r:n  he inventi r‘g Dut it wrrme apparent that
singl e pure conpaunds c be prepared B sinilar nethodol ogy, but using

pure reagents. 11 I n Schene 1, steps | and 2 conprise the preparation
of a linking group on the carboxy
Ph Ph
H o HN.., 8 9 o OH o) H OH
: ; 0 éH 0

h
Ph

The method aspect of the invention is preferably used to produce the compounds of formula
10 Ias claimed herein, but can also be used to prepare protease inhibitors with conventional

protease P-2/P-2’filling groups.

Introduction of the Z* and Z” groups as ethers of the C-2 and C-5 hydroxyls in step i) is
conveniently carried out by O-alkylation with the appropriate derivative: E(CHo),P where E
15  is a halogen, mesylate, tosylate etc and P and n are as described above in the presence of a
base such as a carbonate, metal hydride or hydroxide and an aprotic solvent such as N,N-
dimethylformamide, tetrahydrofuran or acetone. Conveniently the alkylating agent is benzyl

trichloroacetimidate in conjunction with a proton or a Lewis acid, e.i. trimethylsilytriflate.

20  The ring opening in step ii) to introduce the amino or amino acid derivatives A’ and A” are

carried out using standard conditions in solvents such as dioxane, nitromethane THF,



groups of the resin beads. Linkers of various lengths, rigidities and
differential cleavabilities (several are |isted against step 2) can be used
as i s conwwplogasssb i n the solid phase chem stry art. |n stepPGI/SE8#00622ce
am ne on the linker-equipped solid phase bead is amide bonded with 5 an
N-protected am no aci d under standard pemide chem stry conditions. The

am no acid reagent conprises a nunber of different, protected am no acids,
such as N- Baliglym| DMF orlPM80Qcwhislphre poeferably shdsen toadissolive bothitheBmgbdhgdraiene et ¢
and thus this reaction step results in a first conbinatorial chem stry
tier. The sdlerisatpiandthopatticulavamipeimvolyed| urality of randonly di sposed am no
aci ds each spaced by a respective linker fromthe carboxy surface of the 10
bead. In step 4 the free am ne (after deprotection of the N-Boc groups) on -
the amno acid array is used to ring-open a di-O.alkylated y-dil actone,

wher ei n Rx Jifg epsp of pypthesis itds, generafly gieferieddhat thyfermingl pimipes dy, aid f( preqd

byr Tyl hyensiel. AGRRBE aicheeh R ipag ey oais L diTe s TR g A et

P bt hand PRSP A, A e S e 0 o
e or o EHGREE B it PACR D LRl St BRI Spdgl i

~bearing ri %Fi*%ﬁ tgpg\g%g-as%m@mgi[: m%&ﬂd,%it%&/ﬁé}gtl{e%gﬁ@k"%ﬁg bR % &@"pR;i se

a plurality o erent actones wth various co atirons o

RY and/ or stanhaa@h6dihsd convahieht S adPRE eeaﬁmib@gdm't Sofps SYRALANEThR cap Pr €2d
of conbinatorial diversity. In the fifth step, the remaining ri'ng of the

Now- i Mo | i akdné ACdoRBction With PpRPAS Prdtéttion 606neeS BRMAgH 6f tha ahicisheVbdth a
further am ne reagent. Once agaln this am ne reagent may 25 conpri se a

m Xt ure of dndyf #scctittachieveddsy, mdnipuldtion bAthe Geagem Bontentidtiofls reactighednditions ycl i c
am nes such as the one depicted. Thus this step too nay create a further
tier of conbipestafadditiordéty ermovtige a osoamindiednlattond which islseparated by cingentiodalf r om
the linker using its appropriate cleavage reagent, typically a specific

am dase or chchmigues or apiheeptraliygtion, prietto mephtionwitc bmsesondid’ of AT amingl a | are
preferably prepared by the nethod aspect of the invention, it is also
possible to enploy the initial steps of the Bjorsne technique described

15  Alternatively the differential terminal amination can be achieved with a solid phase
synthesis where the unaminated or partially aminated lactone is secured to a solid phase
substrate, such as polymer beads of which many are known in solid phase chemsitry, for
instance Merrifield resin. Immobilization of the lactone in this fashion will only allow
amination on a defined lactone ring. Scheme 1 below outlines such a scheme in the context

20  of combinatorial synthesis of a library of compounds in accordance with the invention, but
it will be apparent that single pure compounds can be prepared by similar methodology, but

using pure reagents.



above in conjunction with the appropriate choice of A' and A" am nes,
fol |l owned where necessary by postnodification of X and Y as di scussed aboyve
and exenplywhb RRflsizg the followi ng Exanple 2. 35 12 Pr epar aPCUISEDS/00622
conmpounds .of Formula | in which X is hydrogen can be conveniently done by
deoxygenation as illustrated in the accogpanyi ng Exanples 2 and 26. The
preferred stereochem stgd_‘;é $R 3R 4R 5R form 5 Car bocyclic
groups for R as -DP and/or ""and/or the optional substituents thereto
may be saturated, unsaturated or aromatic and include nonocyclic rings such
as phenyl, cyclohexenyl, cycijopentenyl, cyclghexanyl, cyclopentanyl, or
bicyclic rings suchpas | E%E/ apubyl and jthe |ike. 10 Het erocyclic

or

groups for R as -Dp ¢ gsﬁ/ anw e~Qpt i onal substituents thereto
may be saturat ed uns rated or roma w

ave 1 to 4 hetero atons
i ncl udi ng nmonocyclic rings such as furyI pitenyl , pyranyl, pyrrolyl,

pyrgollry: pyrgollﬁ!ny: pyrgzolrld y{&lolinyl pyrazo!hdinrl, .
i m dazolyl, imdazolinyl, imdazolidiny i peridinyl, pyrazinyl,
pi perazinyl, pyrimdinyl, pyridazinyl, Qéz@‘;ﬁ LJQQZOIidinyI, i soxazol yl,

15 isoxazolidinyl, norpholinyl, th azonI t bpazol i di nyl, isothiazolyl,
Di cycli H?N'speci ally of the above
dol yl, qufnd i soqui nol i nyl,

Nk,

i sothiazolidinyl, and the Iike29r
benzoxazol yl, benzot'hlzenyl etc. The carbo

fused to a phenyl ring such as
benzi m dazol yI , benzothiazoly .

or heterocyclic riRg may be bonded via a carb, via a hetero atom
typically a nitfoggn atom such as N pi pefrjh nmor phol i nyl etc. 20 _
Preferred enbodé lﬂfRF%ﬁpula Il for the A ﬂgﬂps of the compounds
of the

2. deprotection

O
g—JL-NH- RNH —-rngH2 and other amino acid analogues
O

3 l 1. N-Boc-amino acids

R
X\O
0
o] O 4
o}
O\R o/Rx
y
o) Q O
%—-”——NH-RNH HN’ O
@) //() _
Ry
5 l HoNRa, H2NRb, HZNRc, etc
/RX
O OH O ' OH
N
§—“—NH RNH—“:]'/
OH 0

etc



I nvention include those of the fornmula Ila or Ile: where nis 1 or 2 and R
I s al kyl oxy, preferably nethyl oxy, or those where nis 0 and R is net h%ls.
10  wher e W®P¥483bond, nethylene or-C(OH)- and R is [err][ BFT/EEWI0p2

al kyl, or a carbo- or heterocyclic group including N piperidine,

N-nor phol i ne, N piperazine, pyrrolyl, i nildazolfyl , _pyrazolyl, pyridyl,
pyrim dyl, pynScliemell, steps 1 adi2eppmprissithe pisparationf of adimbsingrasienp.gn the parbesyrul a 11 ¢

has the for Wk . e ' I ; .
valyl or isol e‘g]é’%/}’ s?é%mcmal ng'ﬁg%gli-lf%{ﬂlﬁ Eflémglhgr e 3%%2 %ﬁ;ﬁﬁ%ﬁ%ﬂﬁg@
S=0, S(=0) 2 dsevdir! e lifted against\tep-23)can be weeiDis is chii@htional inNhiOE0lid phibdabiemistry
- NMVeOWE et c. n ch of far e.,Ha Lllb,a A R,.iIS. r .
et byl - et hy e st Bt et b e eariopda S04 apafe oot i iy Gordpl Wi,
cycl ohexyb, ayN-pratekted yininolaeidamter scanddrd pepticde ahemietry condlitions The zealind ad hy,
any of which may be substituted defined above. Preferre é& rou 14
"2 Gde the. SBEGRIPHES RAHE of QRIE R AP B 6k PUFD 2 DB FIREYRS: hose
?f I feuci nle, %Badowgiﬂe,,N-Bbs ﬁl'g.ﬁflhdlﬂg\l-Bbc Iéﬁﬁhé ae all‘lJ thes ﬂmtel aclidifoﬁfs@b _rr&id}tﬁ'n aﬁﬁx@ﬂ ps
or formula Ila, Ilh, Ilc, and are the_ isol eucyl and especi a t he
valyl side c Isgminatgrial %mwrv Her, Zhe solfd phase beasls sAWLRE aplaliyy randemihy/ or M
i f present, QJnHoddBYmir acidd %&&,fngce@ By 2 PdspEctivdllihiep MohHE O4B6ky SUBRENf.thet hyl ,
i sopropyl , err] as defined above, valinol, a heterocycl e such as pyridyl,
t hi azol e,l0ox&#8-e, imi dazole, N piperidine, N norpholine, N piperazine,
pyrrolyl, imdazolyl, pyrazolyl, pyrimdyl, pyrazinyl, any of which R
roups nmay be
J P Y In step 4 the free amine (after deprotection of the N-Boc groups) on the amino acid array is

used to ring-open a di-O-alkylated y-dilactone, wherein R, and R, are the same or different
optionally substituted (hetero)arylalky! groups, for instance benzyl, fluorobenzyl,

15  pyridylmethyl etc. This ring opening is carried out under conventional conditions, as
exemplified below, in solvents such as dioxane, nitromethane, THF, diglym, DM , DMSO
and the like. If R, and R, are different (hetero)arylalkyl groups, this step will thus produce a
further tier of combinatorial variation, depending on whether the R,- or R, -bearing ring is
opened. However, the dilactone reagent itself may comprise a plurality of different

20  dilactones with various combinations of R, , Ry and/or stereochemistry of the lactone,

leading to an even greater spread of combinatorial diversity.

In the fifth step, the remaining ring of the now-immobilized lactone is ring opened in a
corresponding fashion with a further amine reagent. Once again this amine reagent may

25  comprise a mixture of different amines, for instance L-amino acids or (hetero)cyclic amines
such as the one depicted. Thus this step too may create a further tier of combinatorial
diversity. The combinatorial library is cleaved from the linker using its appropriate cleavage

reagent, typically a specific amidase or change in pH etc.

30  Although the compounds of formula I are preferably prepared by the method aspect of the
invention, it is also possible to employ the initial steps of the Bjérsne technique described
above in conjunction with the appropriate choice of A’ and A” amines, followed where
necessary by postmodification of X and Y as discussed above and exemplified in the
following Example 2.

35



substituted as defined for Z'/Z" below 10 Further favoured A /A" groups
include those of formula Il where R, Q Mand R together define an _
optional | y veeybgiidsgeit ed 5 or 6 nmenbered carbo- or heterocyl i c POIYSESS/00622
preferred group within this definition include groups within formula I11:
R' is as defined above, [err]r a nonocyclijx, optionally substituted carbo-
or heterocycle; [err] is OH or together with Rerr] is =0, or if [err]
then R2 may [Peephakatidd)of cobipotndslof Rormmla I iet whjchdX ishydrogdn can b corlNEYiBHtly ddneby ] i S
HC-C3 alkyl; RS is Hor a pharmaceutically acceptable ester; R6 is OH,
NH2, car banoykoxygeratiodhasdllpstiatediis thie pchoogpamying Exsmplds 2@4d 26./Eheghdferoed br anched
al kyl or together with the adjacent carbon atons 25 forms a fused phenyl

or het er oar oswteochemistty. is the@ReBRAR.§Roms of fornula 111 include
am noi ndanol and 1-am no-azai ndan-2-ol, that is noieties of the fornul ae:
Conventional protease P-2/P-2' filling groups for A /A" include those found

i n Roche's saquinavir and_ Abbott's ritaonavir_ conmpounds. Additional exanples

b
of convenfi oftarbopydlicgronps for R’ ps {DF and/og Zrfdn and/erthe optiona] substitugnts thersto may ¢ ex
VX 478, Agouron's AGL343 (nqQw known as, .nelfinavir), and Merck'.s i.ndi navir,
25 dep) ot oq ZBOURIeg NI O HOT R e Pt egronorastie BPBLLCh TS MERY ocyel | ¢

noi ety of Z'12Z" or A'llA" ingl _Jpe ril% tolthree tsu)ast ibtu nts suc asmpal o,

anino, mer caftg° eé%’&}ﬁ’cﬁflf’?ed‘,e“'?’e?¥°?° BoYL CEPFRENERR T DI RlG HPes SR RS A 1
al kynyl, [er E]Lpt%l'll%gg%lli’ke.[ err] al koxy, thio [err] alkyl,

10  Heterocyclic groups for R’ as -DP and/or Z’/Z” and/or the optional substituents thereto may
be saturated, unsaturated or aromatic and have 1 to 4 hetero atoms including monocyclic
rings such as furyl, thienyl, pyranyl, pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl,
pyrazolinyl, pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, piperidinyl,
pyrazinyl, piperazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl,

15  isoxazolidinyl, morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, and the
like or bicyclic rings especially of the above fused to a phenyl ring such as indolyl,
quinolinyl, isoquinolinyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, benzothienyl etc.
The carbo or heterocyclic ring may be bonded via a carbon or via a hetero atom, typically a

nitrogen atom, such as N-piperidyl, N-morpholiny! etc.

20
Preferred embodiments of Formula II for the A’/A” groups of the compounds of the
invention include those of the formula IIa or Ile:
o
- n\:/u\ﬁ’ésn\w
Rll
25 IIa

wherenis 1 or 2 and R’ is alkyloxy, preferabfy methyloxy, or those where nis 0 and R’ is
methyl.



thio [err] al koxy, hydroxy, hydroxy [err] alkyl, halo [err] alkyl, arnino
[err] alkyl, [err] al kyl, cyano, carboxyl, carbal koxy, carboxam de,

car banoyl , veobémsagd am de, benzyl oxy, norphol yl-C, -C6 al kyl oxyPCESESS8/00622C!| i C
carbo- or heterocycle, as defined above, a carbo- or heterocyclic group
spaced by al kyl, such as (Jerr]. alkylaryl3 etc. 15 The preferred
definitions for Z° and Z" include benzyl, unsubstituted or substituted with
1, 2 or 3 substituents, espegjall e ted fromfluoro, chloro, hydroxy,
amino, - NH( ?P’%?‘F%ﬁ)‘?“l’g Rﬁe{'&‘?‘géf‘aﬁﬁe@b‘?ﬁ?ﬁ‘é’ “NPh(derr] alkyl), -NHPh,
met hoxy, cyano, hydroxynethyl, am nomethyl, al kyl sul fonyl, carbanoyl,

nmor phol i net hoxy, benzyl oxy, benzyl am de Ot her possibilities 20
exhibiting the great freedomin this aref arg shown in the exanples. It

will be apparent that the substitusi_t ' hh%# r Z" may conprise a ring
structure (which substituent ring structurfy i s'tself substituted as
defined herein) such as phenyl or a 5 %r 60nmenbered heterocycle containing
one or two hetero atonms such as thi opf8he, pyridine etc. The preparation of
useful heterocyclic substituents for Z' and Z" agpbenzyl are described in
25 Tetrahedron Letters 1997 6359-6359-6367 and J Org Chem 62 (1997) 1264
and 6066, 3i ncl udi ng N-nor phol i ne, N-piperidine, N piperazine,

N - met hyl - N- mnngagiégéii\l%?reﬂéhe@é’o%ﬁ taGlH ¥or th%“Ap/\r’q[r”{ﬁQJtnkg bPfhe %gﬁlgér,ﬁ}ﬁs bf#h€- Such

substituents the neta”but especia e ort para positions
of Z'/Z", 30 invenfignhinendesgraypoefhe ooonladk: f | uoro being favoured for the
ortho and neta and wi'th extensive freedomfor larger groups in the para
such as (optionally substituted) cyclic substituents, 16 including the
N-bonded rings in the i medi ately prddedi ng paragraph. The whole Z' and Z"
group or their respective carbo-or ,héYe,r,a’ tlic noiety may be different but
for ease of synthesis it is convenient £f theyRare the sane.

R IIc

10  where Q is a bond, methylene or-C(OH)- and R’ is -OR", -N(R?) ,, -NR® OR?, where R* is H
or C;-C; alkyl, or a carbo- or heterocyclic group including N-piperidine, N-morpholine, N-

piperazine, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrimidyl, pyrazinyl etc .

A favoured subset of compounds within formula Ilc has the formula IId:

Re

RY g

15  where R% is hydrogen or methyl (that is a valyl or isoleucyl side chain) and R°® is

/\ N
RDACI &

where X is methylene, O, S, $=0, S(=0), or NH or R® is -N(CH;),, -NHOH, -NHOMe, -
NHOE?t, -NMeOH, -NMeOMe etc,

20 In each of formulae Ia, IIb and Ilc, R” is hydrogen, methyl, ethyl, isopropyl, cycloalkyl such
as cyclopropyl, cyclobutyl or cyclohexyl, cycloalkenyl, benzyl, carboxacetamide or 4-

imidazolylmethy, any of which may be substituted as defined above. Preferred R”’ groups



5 Appropriate pharmaceutically acceptable salts, both for A /A" as a free
acid or for other charged groups along the conpound of formula | include
sal ts of oRrg@Bi/ss3ser boxylic acids such as acetic, lactic, gl usorsEys/siz i C,
tartaric, nmaleic, malic, pantothenic, isethionic, oxalic, |actobionic, and
succinic acids, organic sulfonic acids sugh as nethanesul fonic acid,

et hanesul f onipgchadeithk sideedshain® fsub txDdhe Gatikl sininp-acids, @spdaially € of leadihe; aci d and

p- 10 toluenesul fonjc, acid; and j.norgani ¢ acigs suc s hydrocghl oric
hydr of odli c, _Sraragnebistdipreripartime. Theamathpretemed R grones P%%Wﬁ@éﬂ'gﬂ” Htiand
invention ar gIqiRg ih¥ Wolehyl ahddpediallyals a1l sidedagind of fornula | in vivo,
generally by hydrolysis or other netabolic interaction in the intestine,
liver or plasma. 15 Typi cal prodrugs are esters formed on free hydroxy
groups. i Nst Ny GATRESend{iBTh AR raftire of Y AhTBARLHF bR arGHAFbARMENB LS S
i ncl ude Cl-CZZQ?at%y a?:?ndﬁgsters, V\/n%ffrw(; the at;p ac%/aéﬁi s “unsat ur at ed,
nmonounsat ur atselectest from hydregsp, mathyl, ethuk isdpropylt Rt astdefin¢daboye, yalinplcachetarecycle

i ncl ude shor §Q@i . Uty Lyl [N

st ear oyl . Un;s% ur 59 é%ﬁ#g @é’é’gl&zgwéis@er 3 Peéir\%ﬁ%rne#ﬂeer’ gg‘?gm ﬁ!r;?ﬁ'lehlggpﬁér r i -9
series, I i u?:h pals'olshlimidazdl)dj nyrmlyl,ipmﬂinlidyl,(pyﬂﬁinzl,lenyd?\ghitl:lthgnumnwlsef i ncl ude
Cl- C6 al kyl ar .ester u n or nethyl pyridyl or esters o
phosphori c aé?ﬁff,n zﬁcﬁ%géneﬁgﬁtg%%ﬁ%f‘e. Al ternative esters include the
corresponding fatty acid or al kylaryl carbonate, carbamate or sul phonic

esters. Present f avoyr.ed ,conpounds, of Fo I i ncl ude ,
N, N6-di[(I'S pgi%&m{ dA ?M‘%%‘éf?‘iﬁ’ﬁﬁ%? )’é%@?]l“‘(’gﬁ% Q«@@Rﬁ R togethet benz
|y| Oxg) -3, ﬁr- I (ﬂhfllx}&ﬁn@ﬁ}i}i@ﬂ@lm' iﬁlltdﬂimb dlﬂmbd%{gl'dgg{oé I%r he2tergcygi_c ril;lg. A plreferred .

- - -1- - - - - 3-
h%r oxgﬁtexﬁngmu(g%t ; th%?i%ﬁ%ﬁna%' i[n%:ﬁ[ig s witi iemaiymre 0~ A1 (Penzyloxy)
I'S)-2-nmet hyl - 1- ( et hyl car banoyl ) pr OR'W Jg2(2RzBR, 5R) - 2, 5- di (benzyl oxy) -3- 30
hydr oxyhexanedi am de, N1 , N6-di [ ( N
1S) - 2- net hyl - 1- (net hyl car banoyl ) but yLN« RIR 5R) - 2, 5- di (benzyl oxy)- 3, 4-
di hydr oxyhexanedi am de, N1 ,N6-di[( 1S)-
- (et hyl car bamoyl ) - 2- phenyl et hyl ) - (2Rg

, 4R, 5R)fn2’ 5-di (benzyl oxy) - 3, 4-

15 where

R is as defined above,

R! is H, NR*R?, C(=O)R3, CR’R*ora monocyclic, optionally substituted carbo- or
heterocycle;
R?is OH, or together with R' is =0, or if R is NR*R?, then R® may be H;
20  R'is H, halo, C,-C; alkyl, OR’, NR'R*;
R*is H, C;-C; alkyl;
R’ is H or a pharmaceutically acceptable ester:
R® is OH, NH,, carbamoyl or carboxy;
R’ is hydrogen, C;-C, straight or branched alkyl or together with the adjacent carbon atoms

25  forms a fused phenyl or heteroaromatic ring;

Preferred groups of formula III include aminoindanol and 1-amino-azaindan-2-ol, that is

moieties of the formulae:



di hydr oxyhexanedi am de, 17 N1

, N6-di [ (1S) - 1- (et hyl car bammoyl ) - 2- (4- hydr oxyphenyl ) et hyl ] - (2R, 3R, 4R, 5R) - 2,
5- di (benzyWe9pH53804- di hydr oxyhexanedi ani de, N1 PCT/SES8/0062

, N6-di [ (1S) - 2- et hyl - | - (net hyl car bamoyl ) propyl ] - (2R, 3R, 4R, 5R) - 2, 5-di [ ( 4-

f1 uor obenzyl ) oxy] - 3, 4- di hydr oxyhexanedi aniléle, 5

N1, N6-di [ (I S)-2-methyl-1-(cycl opr?ﬁ!)yl car banoyl ) propyl ] - @'h 3R 4R, 5R)- 2, 5-
di (benzyl oxy) - 3, 4-di hydr oxyhexangdi am de, N , N6; di H - 2- et hyl - |

- (et hyl car banoyl ) propyl ] - 5K ﬂ 5R) - 2, 5-di [@2{

met hyl benzyl ) oxy] - 3, 4- di hydr oxyhexanedi am de, N1

,N6-di [ (1S, 2R) - 2- hydr oxy- 2, 3-di

1-indenyl]-(2R 3R 4R, 5R) -2, 5-di yl oxy)- 10 3, 4-di yd/gxyhexanedi am de,

N1 -[( 1S, 2R)- 2-hydr oxy- 2, 3-di hydT0- 1H 1-i ndenyl ] - N6- [ ) - 2-net hyl - -

(et hyl car banmoyl ) propyl ] - (2R, 3R 4R, 5R,) - 2, 5-di (benzyl oxy) - 3, 4- di hydr oxyhexa -

nedi am de, N _, N6-di[ (IS, ZR{{ 2-hydr oxy- 2, 3-di p)/gr_o-l H | ) i

-i ndenyl ] - ( Zﬁ@p@mgqutg_a,ss WR-2”filling groups for A include those found in Roche’s

f1 uor obenzyl zavirand 0% oA R ddis %fL: ional P-2/P-2°

1S, 2R) - 2- hyd?o y?agfr%?g ﬁ%%? 3 %tllﬁﬁﬁl"[-.uﬁ%g’ﬁ?fr ]g ?‘%%‘@l%‘ﬁ‘g’@? ! é‘,“’gf“é‘?“(%- &

f | uor obendy| dilling Soupsdidiydgtinsy famd iredertex’ ¥ 478, Agouron’s AG1343 (now kn)own a(sb

N1, N6-di [ (IS, - 2= 3 2 3 0l ~ -L.hdenyl ] - (2R 3R, 4R, 5R) - 2- (benzy

| oxy) - 5- (4- r‘r‘é@%‘f‘/@%g%%y f‘é‘,“g‘f‘g%gée r‘%%#é’k%nedi ami de, N, N6-di [

15)-2-met hyl - 1- (et hyl car banmoyl ) propyl ] - (2R, 3R, 4R, 5R) LZ ??I [2(4- ﬁol .

phenyl benzyl )oxy] -3, .4-.di hydr oxyhexanedi anmi d N1 ., No- - 2- net hyl -

" (et hyl carb }131 B?%ssglltﬁn}/s%éﬁ% f_:frﬁ?zqg )et.ﬁe?c?scﬁ{ﬁin[n%gt( g?z% grg 1A mréﬁxde one to

t hi enyl ) benz ytresstbstBuehneiubly a ity i fBicapto Aexo, nitro, NHC,-Cs alkyl, N(C;-Cs alkyl)s,
10 C;-Cs alkyl, C,-Cs alkenyl, C;-Cs alkynyl, C;-Cs alkanoyl, C,-Cs alkoxy, thioC;-Cs alkyl,

thioC.-Cs alkoxy, hydroxy, hydroxyC;-Cg alkyl, haloC,-Cs alkyl, aminoC,;-Cs alkyl, C;-Cs

alkyl, cyano, carboxyl, carbalkoxy, carboxamide, carbamoyl, sulfonylamide, benzyloxy,

morpholyl-C,-Cs alkyloxy, a monocyclic carbo- or heterocycle, as defined above, a carbo- or
heterocyclic group spaced by alkyl, such as C,.; alkylaryl, etc.
15

The preferred definitions for Z’ and Z” include benzyl, unsubstituted or substituted with 1, 2
or 3 substituents, especially 1 selected from fluoro, chloro, hydroxy, amino, -NH(C,.s alkyl),
-N(C\.¢ alkyl),, -NPh(C,.¢ alkyl), -NHPh, methoxy, cyano, hydroxymethyl, aminomethyl,
alkylsulfonyl, carbamoyl, morpholinethoxy, benzyloxy, benzylamide etc. Other possibilities

20  exhibiting the great freedom in this area are shown in the examples. It will be apparent that
the substituent to Z’ and/or Z” may comprise a ring structure (which substituent ring
structure is itself substituted as defined herein) such as phenyl or 2 5 or 6 membered
heterocycle containing one or two hetero atoms such as thiophene, pyridine etc. The
preparation of useful heterocyclic substituents for Z’ and Z” as benzyl are described in

25  Tetrahedron Letters 1997 6359-6359-6367 and J Org Chem 62 (1997) 1264 and 6066,
including N-morpholine, N-piperidine, N-piperazine, N’-methyl-N-piperazine, N-
pyrrolidone, N-pyrrolidine and the like.

Such substituents may be in the meta but especially the ortho or para positions of 2°/Z",
30  with small groups such as fluoro being favoured for the ortho and meta and with extensive

freedom for larger groups in the para such as (optionally substituted) cyclic substituents,



N1 ,N6-di[( 1S)-I-phenyl- 1

- (et hyl car banoyl ) net hyl ] - (2R, 3R, 4R, 5R) - 2, 5-di (benzyl oxy) - _

3, 4- di hydr axphgyenedi am de 25 PCT/SE98/00622
N1, N6-di [ (1S)-2-nethyl -i-(methyl carbanoyl ) propyl]- (2R 3R 4R, 5R) -2, 5-di [ 4-(
3- fluorobenzyl)oxy] -3, 4-di hydr oxyhexanedjgam de N1 , N6-di [ (

1S, 2R) - 2- hyd!iﬂdﬂn%‘ ,the NivayadGinkinlthe infidediatel)y pledtdi ) THe Wheélk Z8and Z»

fl uorobenzyl oxy) - 3, 4- di hydr g)T%hexanedi ani, dlzp,Nl ﬂ?ﬂf] %?S) -2-nmethyl - 1

- (et hyl car b &FR¥PI°T E?FH]S?FPT"-“(’?FQ"E‘R?%‘R,‘W—C}E QQ’GFY[‘E%V("L‘- t'but for ease of

f1 uor obenzy! kpneidsis3s i coliveNietgmberanrdhmal de N1 , N6-di [( 1S)-2-net hyl -
1- (nmet hylcar banoyl ) propyl]- (2R 3R 4R 5R)-2,5-di [ 4- (2, 4-
di f | uorobenzyl ) oxy] - 3, 4- di hydr oxyhexanedi am de

NL, N6- di [ £ 1528~ 2; . ' bk 1 1 2RARAR GRS, 5- di (2
4 it Lé)r o z°$ﬁ%t§¥9%r§f%u§f%?§‘?%%%f éﬁ%%‘u’%%ﬁgﬁ“ as(REPL%EB:lEdé;E?I{ﬂ' SH%EET 1;3(
NL , N6- di [ ( 18bargedgoipslalong thewoimpoundob faromia)lincbusdel shlty GfRrBRicARrtBRY lic ackls

pyridyl) benzy] - 3 -'hﬁ hexanedi.am . NPT .
o (119 SR piste ol G AR BERIE Rl Wi panotppicptgnic, ol .
pyri dyl ) benzydcmbjonic3 antl sicdiyid acids; lorpeaic aulifaric abidsSuch as methanesulfonic acid,
NIN6-di [ (1S)-2-nethyl. -1 - t hyl car banoyl ) pr o I%—%Z 3R AR 5R)-2,5-di[(4-(3
1 T opheny FRBERO AR P ARt R ) RSB acid and B
N1, N6- di [16 1 Skoldensstilfoyic-adid{ andtinfaniy RidsBYEH 3Mmediptiledic? Rydbiodis, &ffurid, 5-di [ 4- (2
- thienyl)ben Xl gq)}(&] - a ‘;l-fdi.hxdr oxyhexanedi arni de N
,N6-di [ ((S, 2R37i-92- G YIS IS,y 4 o- | H- 1- i ndenyl ] - (2R, 3R, 5R) - 2, 5- di (benzyl
oxy)-3- 10 hydroxyhexanedi am de
Prodrugs of the invention are derivatives that release a compound of formula I in vivo,
generally by hydrolysis or other metabolic interaction in the intestine, liver or plasma.
15  Typical prodrugs are esters formed on free hydroxy groups in the compounds.
Appropriate pharmaceutically acceptable esters include C,-C,, fatty acid esters, where the
fatty acid is unsaturated, monounsaturated or multiply unsaturated. Saturated fatty acid
esters include short chains such as acetyl or butyryl or long chain such as stearoyl.
Unsaturated fatty acid esters are preferably in the ©-9 series, such as palmitoleic or linolenic
20  esters. Other esters include C,-C¢ alkylaryl esters such as benzyl or methylpyridyl or esters
of phosphoric acid, such as monophosphate. Alternative esters include the corresponding

fatty acid or alkylaryl carbonate, carbamate or sulphonic esters.

Presently favoured compounds of Formula I include

25  NI1,N6-di[(1S)-2-methyl- l-(methylcarbamoyl)propyl]-(2R,3R,4R,5R)-2,S-di(benzyloxy)~3,4-
dihydroxyhexanediamide,
N1,N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,38S,5R)-2,5-di(benzyloxy)-3-
hydroxyhexanediamide,
N1,N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,3R,5R)-2,5-di(benzyloxy)-3-

30  hydroxyhexanediamide,
N1,N6-di[(15)-2-methyl-1-(methylcarbamoyl)butyl]-(2R,3R,4R,5R)-2,5-di(benzyloxy)-3,4-

- dihydroxyhexanediamide,

N1,N6-di[(18)-1-(methylcarbamoyl)-2-phenylethyl]-(2R,3R ,4R,5R)-2,5-di(benzyloxy)-3,4-

dihydroxyhexanediamide,



N -[(IS, 2R) - 2- hydr oxy- 2, 3-di hydro-1 H 1-i ndenyl ] - N6- (2-chl or o- 6-f | uor obenzyl
)- (2R 3R 4R 5R )-2,5-di (2-fl uorobenzyl oxy) - 3, 4-di hydr oxyhexanedi am de, and
t hei r phar wmoosts3zal |y acceptabl e salts and prodrugs. 15 0- al REESESRI00622

di l actone internedi ates are al so novel conpounds and thus a further aspect
of the invention providesconpounds of thelornula IV: z IV 20
where Z' and NI N6+ (ED-1e(gfethylsdrbaimoyl-2-(dthytrokyphepylpthylle(2RI3R. 4R ,6R)-2,6npound i s

not 2,5- di-Q. | ucopyranosi dur onvl = D-.gl ucaro-1, 4: 6, 3-di | act one.
Preferably tﬁ%@é@q&g&zﬁ%ﬁd&yﬁ&x Xanqdiamy the follow ng stereochem stry:
Favour ed conMNLNEsl[(IS)2anethyld -(méthydearbatiwypropd]-@R3R 4R, SRM2(5-dif(4ar e benzyl ,
2 o ooboney oSSR RE T st coory  © 1 o oPen

4- (4" - ni t50pNenN6ersselmetyl 1Ly cIoptopyICiBatioyDpropPPLaR, 3R 4R, SFYLasubs L i tut ed

with a primr secondary or. tertiary am ne or an N-bonded heterocycle such
as piperi di nég(bﬁ’iﬁy ¥} frdihydroxyhg f%es to benzyl for Z' or Z" groups

may conprise m,herdi[@rsylzq,&ﬁﬁl1adﬂeﬁly1&mahﬁys§£@p¥tﬂﬁi,&ﬂz,sﬁﬁhlsmh[(ﬁu_Ch
| yl et hyl napt hy

pyri dyl net hyl ene, qui no hyl ene or nap metyl ene” a5 known in the Pl
prot ease ar t .methylbenagogy]-B.4fdiindinxahexanediamigde, and Z" groups on the conpounds

bi rmer i ¢ nat ur oo SR Bto 2k i B Sl PR OISR BN b BT,

i nt er medi @t e Tbdipydmxghesinediamidel a |V t hus i ncl ude:

2501 0. (o 1Y GUSERRE for/ s aduer U Shabiave-fa et 1-

2, 5-di - O (2, 4=dihiylcarbamby)prepy)}- CRBRMRSR,)-25-di(bend aky)-adtdieiroxyhexanediamide,
N1,N6-di[(1S,2R)-2-hydroxy-2,3-dihydro-1H-1-indenyl]-(2R,3R 4R,5R)-2,5-di(2-
fluorobenzyloxy)-3,4-dihydroxyhexanediamide,

15 NI1,N6-di[(1S,2R)-2-hydroxy-2,3-dihydro-1H-1-indenyl}-(2R,3R 4R,5R)-2,5-di(4-
fluorobenzyloxy)-3,4-dihydroxyhexanediamide,
N1,N6-dif(1S,2R)-2-hydroxy-2,3-dihydro-1H-1-indenyl}-(2R,3R 4R, 5R)-2-(benzyloxy)-5-
(4-methylbenzyloxy)-3,4-dihydroxyhexanediamide,
N1,N6-di{(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,3R 4R ,5R)-2,5-di[(4-

20  phenylbenzyl)oxyl-3,4-dihydroxyhexanediamide,
N1,N6-di[(1S)-2-methyl-I-(methylcarbamoyl)propyl]-(2R,3R 4R,5R)-2,5-di{4-(3-
thienyl)benzyloxy]-3,4-dihydroxyhexanediamide,
NI1,N6-di[(1S)-1-phenyl-1-(methylcarbamoyl)methyl]-(2R,3R,4R,5R)-2,5-di(benzyloxy)-
3,4-dihydroxyhexanediamide _

25  NI1,N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,3R ,4R,5R)-2,5-di[4-(3-
fluorobenzyl)oxy]-3,4-dihydroxyhexanediamide
N1,N6-di[(1S,2R)-2-hydroxy-2,3-dihydro-1H-1-indenyl]-(2R,3R 4R, 5R)-2,5-di(3-
fluorobenzyloxy)-3,4-dihydroxyhexanediamide
N1,N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,3R,4R,5R)-2,5-di[4-(2-

30  fluorobenzyl)oxy}-3,4-dihydroxyhexanediamide
N1,N6-di[(1S)-2-methyl- I-(methylcarbamoyl)propyl]-(2R,3R ,4R,5R)-2,5-di[4-(2,4-
difluorobenzyl)oxy]-3,4-dihydroxyhexanediamide _
N1,N6-di[(1S,2R)-2-hydroxy-2,3-dihydro-1H-1-indenyl]-(2R,3R,4R,5R)-2,5-di(2 4
difluorobenzyloxy)-3,4-dihydroxyhexanediamide
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4-f1 uor obenzyH S"et eplaged 4. 6 3_dj-| act one, 20 |

2- chlorobenzyl I 4: 6, 3-di | act one, )
: %@bkmbenzyl ,4:6,3-di -1act one, PCT/SE98/00622
4-t hi ophen-3' -yl - benzyl) L- mannaro- 1, 4:6, 3-di -1 actone
4-t hi ophen-2' -yl -benzyl )-L-mannggo- 1 ,4:6, 3-di-I|actone,
4- Nlm@mlsﬁzwﬂdtﬁquaﬁmyicaﬁamaﬂwm] dzk,ak‘ﬁwk)dz,stﬁ@I(@ne 25
4-thiazol -2' -yl - ) - L-manpar,0- 1, 4: 6, 3-di -1 actone, ,
4-
4-
4-

QMEM)%WMPEW@XQWQI“‘@ 3- di - I act one,
mqwhi?@ Bi-ﬁlrﬂeﬂlrymf(ﬁi@ﬁl?&trblmoﬂ)p%ﬁylwkl 3%041@51%-2 5-di[4-(2-

( -nitro enzy mannar o- , di -l act one,
un)dgbmgmé xmﬁlm% 1 463d|-lactone 30

(3
?‘Q’N%{ﬁgg eny b.gil(}zﬂe i':L mann cﬁyiﬂ%%gi%é)a%act (3-

(4- @ﬁﬂmbawbbﬂymﬂgn9ﬁHehmvquhﬂwaﬂhamde1 4: 6, 3- d|-Iactone VO
330

Eos/ 00629 W5 4il1S)-Zrmethy)-}-(msthyleprbamoylpropyll R SR AR SR)-2, 5 dil4-(2-

6 3 di - | adienyBpenzyloxy]-3,4-dihydroxyhexanediamide

822 B\v gd'i( §12§g'2%f’%°" 'Z%ﬁﬁ‘%ﬁ‘%1%'14m§éf§ilg(:?k1l3§€$§-%§-di(benzyloxy)-3_

64 hbMﬁXﬂ%mhkauhh&nzyl) Lmannaro-1 , 4:6,3-di-lactone, 5

-O1
(N RSrE Yoo At S e
-0 ( 4 PERZN MR SRZ)Y2, 3 -dl(2 TRBRBEMy Ibx - ﬁ4-3ﬂﬂﬂmkﬂfe§c%§bamﬁﬁg the like.

and their pharmaceutically acceptable salts and prodrugs.
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O-alkylated dilactone intermediates are also novel compounds and thus a further aspect of

the invention provides compounds of the formula IV:

O—N

z v
20
where Z’ and Z” are as defined above. Preferably the compound of formula IV has the

following stereochemistry:

THIS SHEET Hag BEEN
REPLACED



10 I nt er medi at e conpounds of formula Il can be prepared by the foll ow ng
reacti on schene: 10 adm ni stered in an anobunt to achieve a plasm

| evel of ar@dwgasshot 0 1000 nM and nore preferably 100 to 500 pi&fr/SEDS/60622
corresponds to a dosage rate, depending on the bioavailability of the
formul ation of the order 0.001 to 100 ngy/ kg/day, preferably 10 to 50

ng/ kg/ day. 22 In keeping with the usual practice with HV inhibitors it

i s advant ageous to co-adnmi nister one to three additional antivirals, such

AZT, ddl, ©ddC T Ii ' ' Lr, 0 ndinawvig,, | fi ir, DMV
266, _del avi 1 diatereR ek R B e Ao B 2 s e o e o
for such co- i dlenht SleADblin 2aSuildrbnBICh Hubsopbifsy L ARRGHHERLAL | EC ThE

!
respective E per f'ormanc antI'v atios o 1 to

1:25, el atl Mhehfinddi), BRG] 24 idophaiobn, USByRRDBABY R ey VI | ©

it is possible for the active agent to 'S { one, "I _
pref erabl g t Gapis@SBiRited Withldprim#§, #&dnday or ferfit? ARE K Al RBondQ HMrGHyLR @u?ﬁuc h

a formulation will conprise the above defined active agent togethér w

one or nore agpRtiadihkmephdlineet. Al RHRhiy fRZNGF Zt HRUFNAM] ddmprise other
I ngredi ents. The carri e??s) must be acceptable in the sense of being

conpat i bl e widryiCi-hatkyd bhketerbarglCpdilieyl tsechQyrid{ienetigtent)| gainoBIméehyefsr

del eterious to the recipient. 15 The formul ations include those suitable
for oral, recatapthylneadere askopicinlthd Phprotedserast. buccal and subl i ngual ), vagi nal
or parenteral (including subcutaneous, intranuscular, intravenous and

i ntradermal ) adm nistration. The fornul ati ons may conveniently be presented
in unit dosage form e.qg. tablets and sustained rel ease capsul es, and may
be preparl@d Bs \awyqu@p]qube Zegnd Z” groups on the compounds of Formula IV may differ, but it

is convenient, and consistent with the bimeric nature of the target enzyme if they are the

same.

15  Preferred intermediate compounds of Formula IV thus include:
2,5-di-O-benzyl-L-mannaro-1,4:6,3-dilactone,
2,5-di-O-(2-fluorobenzyl)-L-mannaro-1,4:6,3-dilactone,
2,5-di-0-(2,4-difluorobenzyl)-L-mannaro-1,4:6,3-dilactone,
2,5-di-O-(4-fluorobenzyl)-L-mannaro-1,4:6,3-di-lactone,

20  2,5-di-O-(2-chlorobenzyl)-L-mannaro-1,4:6,3-dilactone,
2,5-di-O-(4-chlorobenzy!)-L-mannaro-1,4:6,3-di-lactone,
2,5-di-O-(4-thiophen-3’-yl-benzyl)-L-mannaro- 1,4:6,3-di-lactone

| 2,5-di-O-(4-thiophen-2’-yl-benzyl)-L-mannaro-1,4:6,3-di-lactone,
2,5-di-O-(4~(thiazol-4’-yl)-benzyl)-L-mannaro- 1,4:6,3-di-lactone

25 2,5-di-O-(4-thiazol-2'-yl-benzyl)-L-mannaro-1,4:6,3-di-lactone,,
2,5-di-O-(4-phenylbenzyl)-L-mannaro-1,4:6,3-di-lactone,
2,5-di-O-(4-phenylbenzyl)-L-mannaro-1 ,4:6,3-di-lactone,
2,5-di-O-(4-(4’-nitrophenylbenzyl)-L-mannaro-1,4:6,3-di-lactone,
2,5-di-0O-(4-(4’-cyanophenylbenzyl)-L-mannaro-1,4:6,3-di-lactone,

30  2,5-di-O-(4-(4’-halophenylbenzyl)-L-mannaro-1,4:6,3-di-lactone,
2,5-di-O-(4-(4’-aminophenylbenzyl)-L-mannaro-1,4:6,3-di-lactone,
2,5-di-0-(4-(4"-carboxyphenylbenzyl)-L-mannaro-1,4:6,3-di-lactone,



known in the art of pharmacy. 20 Such met hods include the step of bringing
into association the above defined active agent with the carrier. In _
general, tRgob QggguLati ons are prepared by uniformy and inti nmresposlanéngi ng
into association e active agent with liquid carriers or finely divided
solid carriers or both, and then if necesgary shaping the product. 25
For mul at i ons »fsQf; QL4 ?ﬁﬂg%ﬁy[)%hﬁﬁha&&lﬁ%-ﬂﬁ@&&m invention may be

ni

present ed as screte u s stch as capsul és, cachets or tablets each

cont ai ni ng aZér@&(%P)fﬁdr?eﬂbmﬂﬂ}ﬁtm@mﬂ%Méétdhl@t@gent as a powder or
granul es; as,a §W i -fflbéhziﬂ?ﬁrﬁﬁﬁxh&”l 9{53td}qacﬂﬁgl ve agent in an aqueous
liquid or a non-aquevus qui d; as an ofl-in-water liquid enulsion or a
water in 30 2,5ediO-(4-Ntmaiplokinylbenzyl)-drmianmeroal 4:6/3cdi-lastane, Wt h regard to
conposi ti pns fo nd capsules), the term
sui tabl e %ar |ZI e‘{r &F@ILIL? endlngﬁgnz?&b@aérﬁxgé4é6?br#ﬁ§%&%r%bl pients e.g. binding
agents, for @¥adiy0-¢-Niypipepazinglbaniyd);L-gahmdre-b,4:6bdidadtade, tragacant h,

pol yvi nyl pyrr.ql i. Pqvi d cel | ul ose, ethylcellulose,
sodiun1carbo%$%égﬁgﬁﬁépﬁ ggiﬂhmm?§4ﬁggéﬁi%ﬁ fryl met hyl cel | ul ose, sucrose
and starch; fhdihelige.and carriers, for exanple corn starch, gelatin,

| act ose, sucrose, nicrocrystalline cel lul ose, kaolin, mannitol, dicalcium
phosphat e, sodium chloride and alginic acid; and |ubricants such as

magnesi um st ear ate and other netallic stearates, stearic acid, silicone
fluid, ta)c Il e uch as
pepper m A0, Gyt rapiefhcaiediils SEYoBUETH o e sired by i YR RARAE R ERELC
used. It nmay be desirable to add a colourlng agent to nmake the dosage form
readily identifiable. oﬁablets may also be coat ed by nethods wel | known in

the art.
H,N..,
N- PI'O'BC“W‘ 8 Oxidation

HO
Y N Q N,
$ ¢ HO ) o o M
X Hydrolysis Al BusaN, N
—_— R=0OH —_—
Y f OH
’}q""’ Allylmagnulum- y HO
X bromide \
108 N,
X
2. reduction
HO F HO NH, HO OH

New, N N



A tablet may be made by conpression or noul ding, optionally wth one or
nore accessory 10 ingredients. Conpressed tablets nay be prepared by
conpr essi ngwaosMsssy t abl e machi ne the active agent in a free fPOWSE8/G0622M
such as a powder or granules, optionally mxed with a binder, |ubricant,
inert diluent, preservative, surface-activeior dispersing agent. Moul ded
tabl ets nay be made by noulding in a suitable nmachi ne g@om xture of the
powder ed conpound noistened with an inert liquid dilugqQt. The tablets may
be optionally be coated or 15 scored and may be fo fated so as to
provi de slow or contrslled rel ease the af¥ive agegr—\Fornul at i ons
suitabl e for topical fm ni i
agent in a flavouredsbase, U'S'crally
pastilles conprising [ 4
gl ycerin, or sucrose and acacia; and nmout hwashes
agent in a suitable liquid carrier. Forrml ations sui k pe for topical
adm nistration to the skin nay be presented as oi nt ng creans, gels, and
pastes conprising the active agent and a phar maceutiy active carrier.
An exenpl ary topi caIHodeI%o\égry system IS K| transder mal™=pat ch contai ning the
active agent. 25 FornulAations for 8Qt 2" or vagi nal adm nistration nay be
ry or pes‘@an'th a suitabl e base conprising, for
a selicylatg (O her vagi nal preparations can be
presented as tarrpons ans, gels, @ es, foanms or spray formul ations
containing, in additieR to the active=dgent, such carriers as are known in
the art 30 to be appropriate. Formul ations suitable for nasal
adm nistration wherein the carrier is a solid include a coarse powder
having a particle size, for exanple, in the range 20 to 500 microns which
is adm nistered in thegrmanner in Wmch an-}‘Rf is taken, i.e. by rapid
i nhal ation from a cpnt 3fi ner 30'}5( f tht er held up close flo the nose.
Sui tabl e formul at i,gtsxWher ei n tﬁe cary e' a liquid Mo .
B — —

ensuch as gel atin and
orrprl sing the active

presented as a suppos “
exanpl e, cocoa butter)a

1-amino-azaindan-2-ol P-2 filling groups can be prepared analogously to J Med Chem 1991
5  1228-1230:

CrOg 2
H2804IAcOH z POCl3 =~
| — |
N
SN N

In treating conditions caused by retroviruses, the compounds of formula I are preferably

10  administered in an amount to achieve a plasma level of around 10 to 1000 nM and more
preferably 100 to 500 nM. This corresponds to a dosage rate, depending on the
bioavailability of the formulation of the order 0.001 to 100 mg/kg/day, preferably 10 to 50
mg/kg/day.



24 for admnistration, for exanple, as a nasal spray or as nasal drops,

I ncl ude aqueous or oily solutions of the active agent. Fornmul ati ons )
sui tabl e fofy 9488 eral administration include aqueous and N GHEIFSRIBADR2
sterile 5 injection solutions which nmay contain antioxidants, buffers,
bacteriostats and sol utes which render thg fornulation isotonic with the
bl ood of the intended recipient; and aqueous and non-aqueous sterile
suspensi ons whi ch may i ncl ude suspendi ng agents and thi ckeni ng agents. The
f or nul at i onskvkegpibg with dearshal gracticawith HEV inhibitors itiistadvaigageous d¢ cardrainister f or
exanpl e seal ed .anpoul £5. [.: 4 . -dried
(lyophili zed?neltﬁ I;ﬂ)r(e:%% | (ll?'glgan}rﬂélg%% rs"lw?iigq’("‘;i on yd{flﬁ‘é&%%‘?g Pg&%a%g,%?@?agﬁréri | e

| i qui d carr i mdinafigmelinavip BMR266 dekvirdine) jnevitapine, trovivdiet BFAIH2G(etcoFPhet 0 use.
Ext enpor aneous, i nj.egti on sol ut.i ons .and .sus si on be prepared from
sterile powdBpPEr 'Jb'l" g?ﬁﬁ“ co-aamne fﬁdé'f'g‘"@?s %eﬂ?rﬁ@y g‘?é\?ﬁ%ﬁgf?%ﬁ{et&ri bed. 15
Det ai | ed DesgkpeptivelPCQ perfsrinaniesonthe amivia Mdlaniatiss of25:1Th¢:25)vehrivé oithev | |
now be further illustrated by reference {o the following non-limting
Exanpl es. 2ocq9mEfffﬂnula£9Xli Plf%"é'rﬂ?r‘:f",“’e&ﬁnhat i on of L-mannonic-y-Iactone
with nitric acid gave crystalline L-mannaric- 1,4:6, 3-di-lactone which was
di benzyl ated Wi th dibenzyl trichloroacetimdate and trimethylsilyltrif]ate
to give 2,5- Whileitizposyible fordp active agent 1p b asiministered plone. it ippreférpble tapresentit yy
be openeg, by i ' I : ' ' hi s
case by K vatihe APbAR AR Ao roRon S e B0 D e detied,

yi el d. | n noactiveageat togetheravigbenger gipre arcepitable eanders anst eptionalypthes thegrpeaios

ingredients. The carrier(s) must be acceptable in the sense of being compatible with the

other ingredients of the formulation and not deleterious to the recipient.

15  The formulations include those suitable for oral, rectal, nasal, topical (including buccal and
sublingual), vaginal or parenteral (including subcutaneous, intramuscular, intravenous and
intradermal) administration. The formulations may conveniently be presented in unit dosage
form, e.g. tablets and sustained release capsules, and may be prepared by any methods well

known in the art of pharmacy.

20
Such methods include the step of bringing into association the above defined active agent
with the carrier. In general, the formulations are prepared by uniformly and intimately
bringing into association the active agent with liquid carriers or finely divided solid carriers
or both, and then if necessary shaping the product.

25

Formulations for oral administration in the present invention may be presented as discrete
units such as capsules, cachets or tablets each containing a predetermined amount of the
active agent; as a powder or granules; as a solution or a suspension of the active agent in an
aqueous liquid or a non-aqueous liquid; or as an oil-in-water liquid emulsion or a water in

30  oil liquid emulsion and as a bolus etc.

With regard to compositions for oral administration (e.g. tablets and capsules), the term
suitable carrier includes vehicles such as common excipients e.g. binding agents, for
example syrup, acacia, gelatin, sorbitol, tragacanth, polyvinylpyrrolidone (Povidone),

35  methylcellulose, ethylcellulose, sodium carboxymethylcellulose,



10 A L- mannoni c-y-lactone (8.1 g) in aqueous (65% HNO3 (120 nml) was
kept at 98[err]C under a streamof nitrogen for 1-2 hours. After
concentr at ivpg ob@ss3p St i Cky mass, water (50 nl) was added and tper/spdsgidoss
was concentrated to near dryness This material was dried in a vacuum for
16 hours whereupon ethanol (5 m) and ethgy (100 mM) were added and the
solid was fig répf@l%&ﬁﬁcaﬂxl&Q 'lh&’of@&nu%:&nﬂn%%@é&&éé f&réx&q#l@? m!Ne
sol ution vvas aken 15 and the solid was washed with ethano 10 m).
The remai ni ngtaxd} gelating lactose; sycsesgl micastystaflinecpliiese, kaslin, mannitolzdigaleium

%an?ngi; ' c-1 Eﬂ%sg?%? %b%u@%%ﬁ a%fﬁ&xk:@%%écﬁ%aﬁg?s?ch%ﬁ%lgﬁes it stedrate and °- 9

trifluor orret hﬂienmehurwemamma@ic acidobiljcote ﬂuidpaldwm allPastc@Hmdplr silisiat €) was

S benoyf + R e b LRl o VB e b R

hour s t he solalsd bensedals nfay Ibb destredble :dmldgh:oampagl agﬁu tb make shel dosge fdrncreadily

Concoht  at d HEBARh dakld ey AR By coat] PLAHSTHICHBI aT i ot g1 ve 25 1.8

of solid. This solid was slurried in hot ether and f||te_red The remai ni ng
solid (900 ) was collected as . . . .

2, 5-di - O be%qablet-rnﬁhmm%ebr cqmpressiof} on meuldipg, opyanally piith opkefIessAccessory . 3,
74.6, 7548 ( jents? Coﬁ?ress@ﬂ tabiéw maylBSprépardd; cdmpted§ing in alshitable (rAtHine thé2
(d, C). 30 C A solution of

2, 5- di - O benzagiveiagent i free flowing foaymeuch asa pavwler ereranylesaptionallyamingd with aval i ne
(110 ng) in i r

ool i gt ho. SPRLERHEIY Sae Rl el udoE o 1 or oo Dot Mol

( CHC13- MeCQH ablers may ¥e3Baderly. mouldiggingysalatiiemachiile Neixgirg of the powdered

19) - 2- net hyl b&ﬁxﬁmﬁrd Wdiﬁélreg @Jf&% }r%gtqﬂfﬂ“ dil(.rgxﬁz ’igl% tﬁﬁet's ?rla? bg 'oﬁtl?&gﬁy Lé) é&éte?&-or

15  scored and may be formulated so as to provide slow or controlled release of the active agent.

Formulations suitable for topical administration include lozenges comprising the active
agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilles comprising the
active agent in an inert base such as gelatin and glycerin, or sucrose and acacia; and

20  mouthwashes comprising the active agent in a suitable liquid carrier.

Formulations suitable for topical administration to the skin may be presented as ointments,
creams, gels, and pastes comprising the active agent and a pharmaceutically active carrier.
An exemplary topical delivery system is a transdermal patch containing the active agent.

25
Formulations for rectal or vaginal administration may be presented as a suppository or
pessary with a suitable base comprising, for example, cocoa butter or a salicylate. Other
vaginal preparations can be presented as tampons, creams, gels, pastes, foams or spray
formulations containing, in addition to the active agent, such carriers as are known in the art

30  to be appropriate,

Formulations suitable for nasal administration wherein the carrier is a solid include a coarse
powder having a particle size, for example, in the range 20 to 500 microns which is
administered in the manner in which snuff is taken, i.e. by rapid inhalation from a container

35  of the powder held up close to the nose. Suitable formulations wherein the carrier is a liquid



hydr oxyhexanedi am de. 5 A Preparati on of

(2R, 3S,4S,5R) - 2, 5-di (benzyl oxy) -3, 4-O i soproyl i dene- 3, 4-

di hydr oxyhgxa Qﬁggé 3ggi d. To a solution of PCT/SE98/00622
2,5-di - O benz 4- O i sopropylidene-L-iditol (1.84 g, 4.57 mmol) in CH2CL2
(90 m) was added TEMPO (36 ng, 0.23 mmmoly), potassium broni de (104 ngy, 0.87
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sol ution of sdutionsofitppactiveeginte (42 nl, 1.2 M 50.4 nmol) was added over a
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40 M). To tﬁmmrmiohnmalvlaf@pmptlasbsirﬁniﬂfht{osmmqe agleous dutbnpraaqieoyscterile
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2, 5-di (benzyl oxy) - 3 4- Q-1 sopropyi dene- 3, 4-di hydr oxyhexaned| am de. The

resul tant cr iRRSURR, é‘dﬂ’é@la‘FWcBWEE’éﬁe /Exeelnmmgoussngwmﬁdpyorsmdawg@ﬁi%d in

i ¥ succi nyPReap it fO8 el gRR el el sl s cindlind P Radl ) The

m xture was describedd at room tenperature for 15 hours, diluted with EtOAc
(50 M), washed with water (3 x 20 mM) and brine (1 x 30 m), dried,
concentrated and purified by SI lica gel col utm chr omat ogr aphy. 30 The
activat eds di BPe ceatiption\of . . Invemriin) was di ssolved in a 2:1

m xture of CHerr]d [err]THF (7 n1) under argon and L-valine nethylam de
(560 ng, 4.30 mml) was added. The reaction was stirred at roomtenperature
for 18 hour sThelinvertion will hdw b-fuether]illhstrated by (Férende)to thie doliwveihg donalimitinyH er r |
(aqg) (30 M)Examﬁesorgani c layer was dried, concentrated and purified by

20 EXAMPLE ]
N1.N6-dif(1S)-2-methyl-1-(methylcarbamoyDpropyl]l-(2R.3R.4R ,5R)-2.5-di(benzyloxy)-3.4-

dihydroxyhexanediamide.
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silica gel coI um chr omat ography (CHC13- MeOH 20: 1) to yield 844 ng, 1.29

nmol , 79% 27[err]C-NI\/R(CDCI[err]) 8 16.7 and 19.7 (val CHerr]),

26. 2 (vaI W%""’N 2 (CH3 isoprop), 28.9 (val CHwe[err]), 5&%@3@6&2
CHNH) , 77.0, 1 10.0 (isoprop), 128.2, 128.4, 128.7, 129.0 and

135. 7 (aromat ic €O, 169.8 and 170.9 (CONHsand val CO). 5 C

Preparati on of

Ni , N6-di [ (1S) - 2-net hyl - 1- (et hyl car banmoyl ) propyl ] - (2R, 3S, 4S, 5R) -

2, 5- di ( benzyIncshyit-&idation bfiidmanydeinaalactdnawithisitriclivel gave diystalline drmamagicB (775

, 118rrrm dlssolv Om),
r2Tg 3-di chl or o=’ 6\(,33'&1% E@’?ﬂ%o%ﬁ&%ﬁstﬂ'ﬁg%g%% Hj(bgbzywq;%r%ge%ﬁ%?? s added and
t he tenper at ufintethydsilykefdte otgivesd, ﬁﬂf-t])@enﬁﬂ-lﬁhaxﬁxd ; agay,s @%d-ﬁdﬁg@hﬁdﬁﬁtéﬂwnal
portions (2 10 ., x 60 wer e .,added and after 6 ayster |on
e coneht reebe SPrAE PEbe SRUTTRRE A6y BBy Smer sescoery aBites: i s e 8
water (2 X 3fethly)L-vhlie!te gRe dietitled gompouid ch 13075 avezalByieldcel i t e and Na2804
and purified by silica gel colum chronmat ography (CHC13- MeCH 20: 1) to

give (501 ng, 0.81 mol, 69 %. [[err]MD - 22.90 (c 1.4 g/100 nl CHCI 3). 15

[err] G- NWR (ﬂ?ﬁé&@éﬁﬁ)zha&b%&%ﬁnh@sﬁs&e ela%czed(-,efadfoﬁk&@r r), 26.2 (val CH3NH),
28.6 (val CHN\H), 57.7 6, 73.7, /7.6, 128.2, 128.9 and 135.9

(aromatic O, 170 8 and 172. 3 (CC]\IH and val CO. anal cal cd. For [err]: C

62. 52; H107 Sﬂ E rr]%ﬂmnoxl: & ’f-ri'ﬂtoge ?821 é)]m alcilxeous3 (%S%I}IH%I(? %12(%911) WEB kept at 98°C

Preparation of N1
, N6-di [ (1 S) - @nderd stydamlof pitmigtay for ar2mnmsy Ajtarcopseniratioaiy 3&1&@)mass, water (50 ml)

2 5-di (benzyl o hexanedi a The r odu m (.58 nmg,
54T or ol | Mobe Tt SRR R SCneBplt o O BB This pfial bAD fedRa 1o
heat ed t o 45¢cherh dorel 6MobstwhemapsioainbIi{Sinit) ataizdtieer (100 nilY wef addedand t)le Y6IR 25
SS??? i e'(lj'hgyr ggﬂc ne. ndlggae)r(ste}]l L)('a sc‘:ﬁﬁca&gx}; an'"(lf(ed hgn%al gnmﬂn utI'?ne sglgtrllgne\?/;srt en of?l nd

15  and the solid was washed with ethanol (10 ml). The remaining solid was recrystallised in

ethanol to give 4.3 g of L-mannaric-1,4:6,3-di-lactone.
BC-NMR (DMSO-d6): § 69.2 (C2, C5), 75.9 (C3, C4), 1743 (C1, C6).

20 B. Trimethylsilyltriflate or trifluoromethylmethanesulphonic acid (44 drops from a
Pasteur pipette) was added to a well stirred solution of L-mannaric-1,4:6,3-di-lactone (696
mg) and benzyl trichloroacetimidate (3040 mg) in dioxane (140 ml). After 1.5 hours the
solution was filtered trhough a pad of 1 cm silica, 1 cm NaHCO; and 1 cm silica, washed
through with dioxane (20 ml), concentrated to dryness and recrystallised from CHCIj; to give

25  1.85 of solid. This solid was slurried in hot ether and filtered. The remaining solid (900 mg)

was collected as 2,5-di-O-benzyl-L-mannaric-1,4:6,3-di-lactone.

C-NMR (DMSO-d6): § 72.3, 74.6, 75.1 (CH,0, C2, C3, C4, C5), 128.2, 128.3, 128.7,
137.2 (Ar), 172 (C1, C6).

30
C. A solution of 2,5-di-O-benzyl-L-mannaric-1,4:6,3-di-lactone (50 mg) and N-methyl-
L~valine (110 mg) in acetonitrile (0.5 ml) was kept at 70°C for 16 hours. After cooling the
product was purified by silica gel colnmn chromatography (CHCl;-MeOH 9:1) to (35 mg).



gel colum c
t hi ocar bonat

hr omat ogr aphy (chl or of or m net hanol 20:1) to give the
e (60 ng, 91 [err]nol, 97 %9 [er] CG-NWR (CDCl[err]): [er] 17.

and 19.5 (%ggé—gsg(}r]) 26.4 (val CHerr]NH), 29.7 (val Q‘"\/EZi,CTéﬁgsz%oaﬁ

(val CHNH)
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2

and 170.6 (CONH and val CO), 189.6 CS). Asuspension of the thiocarbonate

(60 ng, 91 [
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was added dr
m nut es. The
concentrat ed:
w t h hexane
purified by
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0.7 g/l m
CH3), 26.3 (
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lpp tributylin hydride (50 [err]d, 0.19 nmol) and
- azal so utyronltrlle (15 ny, 91 [err]nDI) in dry toluene (4
Dy rdil(1 5 : ¢ 2,57
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quxed for 45l' 28 n1nutes alldmed to cool and
h btapfliamids s dissolved in acetonltrlle (10 M) and washed

(2 x 5 nm). The acetonitrile |ayer was concentrated and
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ve
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10 EXAMPLE 3 N1 , N6-di [

1S) - 2- et hyl
hydr oxyhggan
di ssolved in
before N, N-t

15

20

25

30

35

m%@frﬁwﬂamaﬂww brorpide (163.ma R.53 mumed) and sahyated aquegusseginms -
ﬁ%HI’ under an ar gon at nbsp here an ate
hymgupt;@r(ﬂ I!ﬂ.lll-”a Mass mn(ol)()ﬂas@dedpv@ﬁa period of 1.5 hours. After stirring
at 0°C for 30 minutes, the organic layer was separated and washed with NaHCO; (aq) (3 x
40 ml) and water (3 x 40 ml). To the combined water phases EtOH (50 ml) was added and
the solution stirred for 30 minutes. EtOAc (100 ml) was then added and the pH of the
mixture was brought from 9 to 2 by the addition of H*-Dowex. The Dowex was filtered, the
phases were separated and the water phase was extracted with EtOAc (4 x 100 ml), dried

and concetrated under reduced pressure without warming to give (1.40 g, 3.25 mmol, 71 %).

"*C-NMR (CD;OD-acetone-ds 2:1) 5 27.1 (CH; isoprop), 73.7, 77.4, 78.0 111.0 (isoprop),
128.8, 129.1, 129.3 and 138.6 (aromatic C), 172.7 (COOH).

B Preparation of N1,N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,38,48,5R)-
2,5-di(benzyloxy)-3,4-O-isopropyidene-3,4-dihydroxyhexanediamide.

The resultant crude product from step A (1.40 g, 3.25 mmol) was dissolved in dry CH;CN
(21 ml) under argon and pyridine (1.58 ml, 19.5 mmol) and di-N-succinylimidyl carbonate
(DSC) (3.30 g, 12.9 mmol) was added. The mixture was stirred at room temperature for 15
hours, diluted with EtOAc (50 ml), wdshed with water (3 x 20 ml) and brine (1 x 30 ml),

dried, concentrated and purified by silica gel column chromatography.

The activated diacid from above (974 mg, 1.64 mmol) was dissolved in a 2:1 mixture of
CHCl,-THF (7 ml) under argon and L-valine methylamide (560 mg, 4.30 mmol) was added.
The reaction was stirred at room temperature for 18 hours, diluted with CH,Cl, (50 ml) and
washed with NH,Cl (aq) (30 ml). The organic layer was dried, concentrated and purified by
silica gel column chromatography (CHCl;- MeOH 20:1) to yield 844 mg, 1.29 mmol, 79%.

@g&@%bo&éﬂzom? TRE Aiktale vis BRI ®Clant 3441 Hﬂﬁ% oPsogi%n{“m' ) was

to 450C



mmol ) was added. The reaction m xture was refluxed for 17 hours,
concentrated and purified by silica gel columm chromatography

(chl or of or womslasasel 20: 1) to give the thiocarbonate (125 ny,POT/SE8/0622
83% . 20 [err]CG-NWR (CDC13): [err] 17.4 and 19.4 (val CHerr]), 26.3 (val
CH3NH), 30.2 (val CHwWe2), 58.4 (val CHNH)2775.8, 77.7, 82.4 () 128.9, 129.1
and 135.3 (ar'mmm(@)Cl;)m?lﬁf]aﬁdd9.ﬂ(ihlﬁll—(;ﬁ3w&|(m¢l—lgm{) O‘J))ZKIZIE&OESN@WQ 25
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inder an. ar goNadesr T EcaRNERTa . LTl TS (e ot [t 388! 25D
tributylin hyggiids.7(dbmaticCy, 169.8 thdSi70BMTONEREE val CO).,
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was added over a period of 10 m nutes. The m xture was refluxed for 20
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acetonitri I e (15 and washed hexane
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(0 g, _a7protte SRR ERED Bnfmb 1 ol By st s gl Jor I G €
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C 64.19; H 7.74; d: . C 64.00; MPLE 4 5
Rﬁr {\I]G di [ (1 S)¥a.dissplved “‘159 9%@{%@52%5%%% Bﬁ‘f’pﬁx W)e‘ate&ﬁl ‘gﬁ)‘ggA agadiol penzy
| oxy) - 3, 4- dl&h&fébﬂan%a@mma@l@gmme%yumc@ gel%lumn chromatografah{ éCHCl;-

I

2, 5-di - O benzyl mannari c di -l actone from and

MeOH 20:1) to give (501 mg, 0.81 mmol, 69 %). [alp - 22.9° (c ergl 100 m CHC;:!)J

15 '*C-NMR (CDCL): 8 16.7 and 19.7 (val CHs), 26.2 (val CH;NH), 28.6 (val CHNH), 57.7
(val CHNH), 69.6, 73.7, 77.6; 128.2, 128.9 and 135.9 (aromatic C), 170.8 and 172.3 (CONH
and val CO). anal calcd. For C3,HyN4Og: C 62.52; H 7.54; N 9.11. Found C 62.41; H 7.39;
N 8.98.

20 D Preparation of N1,N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,3S,5R)-
2,5-di(benzyloxy)-3-hydroxyhexanediamide.

The product from step C (58 mg, 94 pmol) was dissolved in dry THF (Sml) under an argon

atmosphere and heated to 45°C before N,N-thiocarbonyldiimidazle (40 mg, 0.22 mmol) was
25  added. The reaction mixture was refluxed for 30 hours, concentrated and purified by silica

gel column chromatography (chloroform-methanol 20:1) to give the thiocarbonate (60 mg,

91 pmol, 97 %)

C-NMR (CDCL): § 17.2 and 19.5 (val CHs), 26.4 (val CH:NH), 29.7 (val CHMe,), 58.7
30  (val CHNH), 75.6, 78.0, 83.4, 128.3, 128.9 and 135.2 (aromatic C), 167.7 and 170.6 (CONH
and val CO), 189.6 CS).

A suspension of the thiocarbonate (60 mg, 91 umol), tributylin hydride (50 ul, 0.19 mmol)
and o,’-azaisobutyronitrile (15 mg, 91 pmol) in dry toluene (4 ml) was added dropwise to

35  refluxing toluene (2 ml) over a period of 20 minutes. The mixture was refluxed for 45



N-net hyl - L-i sol eucine (120 ng) in acetonitrile was maintained at 70[err]C
for 16 hours. After 10 cooling the product was purified by silica gel _
col um chr ogptoggesnaphy (CHCl[ err]-MeCOH 19:1) to give the pure pamSESSICh622
[err]GNWR (CD{err]CD) [err] 11.7, 16.1, 25.1, 26.3, 37.2, 58.5, 72.3,

73.4, 80.8, 128.7, 129.1, 137.7, 172.7, 178.1. 15 EXAWPLE 5

lNl- N§3- gi 5(' g)nﬁiﬁgéﬂﬁnﬂyé&abgﬂlﬁﬁd(kdm&nﬁmz "Yhexekishd wisdfssdRed B &Blonftrile-(10 fipenzy
oxy)-3. 4- di r oxyhexanedi am de. .. ]

2,5 4i -0 benza?¥ washed yrith hexang (4x 3 ). a‘?@ periemifmile Leyes wags coprsntzatad angipugified By 085

nml ) was di %ﬁﬁh‘é&@oiuﬂ:ﬂhﬁﬂlé@égﬂ& @ Rend-acefink 12)€ give the titled product in 33%
phenyl al ani ne- N- net hyl am de (91 , 0.51 mml) was added to the stirred

sol ution. Theield(1§tmgA0 weeDr kedd v&&tlc@be/tH0 mbeHEB).-hour s and t hen
concentraged. The crude product was purified by silica gel colum

chromat ogiaphy (chl orof orm met hanol 20:1). 25 [err] C-NVR (CD[err]0D) [err]
72.8, 73.7, Syn-ElMRL@)Cu;): 327.3817.4140d.19,6 (YATH:), 2633 val NHCH;)029.3 8l CHMA3),. 4,

et iyt car b3t S band sty v SRR GRS o RS, Bk, 10 283, 185,

di (benzyl oxy)128.6412318) Y36, Dxd 363 a@mati¢ Ad%;.171.1, 171.4, 171.6, and 172.5 (NHCO and val
2,5-di -0 benz§l -L-mannaric-1,4:6,3-di-1actone from Exanple 1(40 ng, 0.113
nol ) was di ved in dichloronethane (4 m) and tyrosine N nethylam de
(132.2 myg 0.677 mml) 35 was added to the stirred solution. The sol ution
was refl uxed E()?OOC)d for 18 hours and 30

AMPLE 3

hydroxyhexanediamide.

15  The product of Example 1 (144 mg, 0.23 mmol) was dissolved in dry THF (8 ml) under an
argon atmosphere and heated to 45°C before N,N-thiocarbonyldiimidazole (104 mg, 0.58
mmol) was added. The reaction mixture was refluxed for 17 hours, concentrated and
purified by silica gel column chromatography (chloroform-methanol 20:1) to give the
thiocarbonate (125 mg, 0.19 mmol, 83%).

20
'.3C-NMR (CDCl3): & 17.4 and 19.4 (val CHj), 26.3 (val CH;NH), 30.2 (val CHMey), 58.4
(val CHNH), 75.8, 77.7, 82.4 (), 128.9, 129.1 and 135.3 (aromatic C), 167.0 and 170.6
(CONH and val CO)m 190.7 (CS).

25  The thiocarbonate (125 mg, 0.19 mmol) was suspended in dry toluene (4 ml) under an argon
atmosphere and heated to reflux, and a solution of tributylin hydride (153 pl, 0.57 mmol)
and o,a’-azaisobutyronitrile (47 mg, 0.28 mmol) in dry toluene (3 ml) was added over a
period of 10 minutes. The mixture was refluxed for 20 hours, allowed to cool and
concentrated. The residue was dissolved in acetonitrile (15 ml) and washed with hexane (2 x

30 10 ml). The acetonitrile layer was concentrated and purified by silica gel column
chromatography (CHCl;-MeOH 20:1) to give the titled product in 35% yield (40 mg,
67umol). fa]p +1.8° (c 0.8 g/100 ml CHCls).

"C-NMR (CDCly): 5 17.5, 18.0, 19.4 and 19.6 (val CH,), 26.1 and 26.3 (val CH;NH), 29.5
35  and 30.6 (val CHMe2), 35.5, 58.2, 58.3, (val CHNH), 70.2, 73.0, 73.3, 77.2, 83.0, 127.9,



concentrated. The crude product was purified by silica gel colum

chromat ogr aphy (chl orof orm net hanol 20:1). '3C-NWR (CD30D) 5 26.1, 37.1,
55.3, 72. 9wddss3z®l.- 1, 116.1, 128.8, 129.2, 130.9, 138.3, 5 poT/sEes/doé2 9,
173. 6. EXAMPLE 7 .

N1. N6-di [ (I S)-2-nethyl -1-(nethyl car banoyl d@ropyl | - (2R. 3R 4R 5R) - 2. 5-dir (4-
f 1 uor obenzyl Joxp, 128.44128.4) 4 86.9udemate €yl 170i50£71.3, @2 A4, 173.1(CONEK asd ¢4 d0)1CC)

solution of 4-fluorobenzyl .alcohal (0.85 md., Jerr] 1 ., 7.93 mmol,
o) 1 o Gl oy o ki G B8ty T TON D36 Bpad 8000 S o urm
hydr ogen sul phate (0.015 g). After stirring for 5 m nutes,

trichloroacetonitrile (0.953 m, ¢ 1.44 g/m, 9.51 mol, 1.2 eq) was added
and the reacEXéMBiEfure maintained at -51C for 30 15 nminutes before

war i ng tg rN@é&@%ﬁ:&é@i-?-}Hx@th%fe%%g&l%ﬂ%j&f-@%,&1@@%}%}5@5@&1&223\2@, ter
phase extrac W X . € conbl ned extracts wer ried
with MgSO4 adibydroxyhenanediamidet 0 one third. After filtration through Celite

t he sol vent was renoved in vacuo to give the dilactone as a browni sh-yel | ow
oil, 1.82 g (85%yield). [err]HNWR (CHO 3 250 MHz) [err] 5.30 (s, 2H),
7.00-7. 15 ( mA hition 8f 2,6-df-0O-bedkfl;L-thaditaricil,4:,Bidi-1a2®n8from Exampjeal ¢50img) aod

2,5-di -O (4-t) uorohenzyl )-L-mannaro- 1,4:6,3-di-lactone.. ol utign of
Che di 1 act ond-PRBNCTGPobing (DR g acpfonbif s mamaeE R RS ford S HOP a8 e
4-f 1 uor beezy kodtink GHY RE6ARERAS plirizied By kifica’ 24 colemh cBRtatigidphs (@ﬂcmkomwgg) :
The reaction vessel was placed under a N2(g) atnosphere and stirred (1
min). TNS- OTfO gite g pyts comppunde 1 230 g/, .0.45 mmol, 0.4 eq) was added
portionwi se. After 4 hours the mxture was filtered through a pad of
Si[err] recr 1stallised fromCHCLl3, slurried with Et20 (2 m) and filtered
to give (0.31C-NMRACIROD)PALT)16.1.@511) B6.BAR.Y, BRSO 73 4580.8H28.7] £2%.1, 137.75,
4.80 (d, J=7.4,4z434H), 4.90 (d, J=3.7 Hz, 2H), 5.3 30 (d, J=5.8 Hz, 2H),
7.15-7.25 (in; 4?|—1) 7.40-7.55 (in, 4H). '3C-NWR (DMSO- d6 62.9 MHz) [err]
15

EXAMPLE 5

dihydroxyhexanediamide.

20  2,5-di-O-benzyl-L-mannaric-1,4:6,3-di-lactone from Example 1 (30 mg, 0.085 mmol) was
dissolved in dichloromethane (3 ml) and phenylalanine-N-methylamide (91 mg, 0.51 mmol)
was added to the stirred solution. The solution was refluxed (40°C) for 18 hours and then
concentrated. The crude product was purified by silica gel column chromatography

(chloroform-methanol 20:1).

>C-NMR (CD;0D) 5 72.8, 73.7, 81.9, 127.1, 127.8, 128 4, 128.7, 128.8, 129.0, 135.0,
136.4, 170.0, 172.1.

EXAMPLE 6

30  NI1.N6-dif(1S)-1-(methylcarbamoyl)-2-(4-hydroxyphenylethyl}-(2R.3R 4R .5R)-2.5-
di(benzyloxy)-3.4-dihydroxyhexanediamide.

2,5-di-O-benzyl-L-mannaric-1,4:6,3-di-lactone from Example 1(40 mg, 0.113 mmol) was
dissolved in dichloromethane (4 ml) and tyrosine N-methylamide (132.2 mg, 0.677 mmol)

35  was added to the stirred solution. The solution was refluxed (40°C) for 18 hours and



71.4, 74.4, 74.7, 115.1, 115.5, 130.2, 130.3, 133.3, 160.0, 164.0, 171.8.

31 C To the benzyl ated di-lactone fromabove (0.050 g, 0.128 mml, 1.0
eq) |n CHB bPiss3? M) was added L-valine-Nnethylanm de (0. Q&Q-,ggs,&,@fl
nmrol eq e reaction m xture was heated to 70C and stirred for

hours. Cbncentratlon gave a brown oil (crggde 0.107 g). purlflcatlon by
silica gel f¢ &ﬁ%%&ﬂeﬂﬂmc(@asjpuwgy siliéa@ell cdidmn dnrbiihtograpny MeOH +
1% HOAc) and (12:1 CHC13: to give 0.006 g of the title product
(yield 7.2%(c {omqurwmqlmndes 250 MHz) [err] 0.90-0.95 (m 6H),

1.90-2.05 (m 2H), 2.55 (m 6H), 3.80- 3.90 (m 2H), 3.95-4.05 (d, J=7.8
Hz), 2H), 4.10-4.20 (m 2H), 4.40-4.45 (m 4H), 4.75-4.65 (d, J=7.47 He,
2H), 7.10- 7. 20-NMR (CD:OD) 82&5%14%3@%%9,811?51671 ,4@8801292;83®4, 138.3, 2H)
10 7.85-7.90 (4. , 3C-NMVR (DVBO-d6 62.9 MHz) 8 18.0, 19.
25.3 57.% @8(?317%&4‘534679 2. 93 0,114.7,115.0, 129.5 129.6, 134.1, 159.5,
163.4, 170.3, 171.0, 115.1 115.5, 130.2 130.3, 133.3, 160.0 164 0,

171. 8. EXAWP NL.N6-di[( 1 S)-2-nmethyl- 1
Mﬁfb I)propyII-(2R 3R 4R 5R) 2 5-

(cyclopropy

, " RO GCREL e to Exanpl e
2B but usi ng L vaI ] ne N-cycl opropyl am de ng, 0. 27 mml) yil el ded t he
cor r espondi n = ' g-dih AMCCIIIGE- sol id (147 ng, 0.25 20 nmol ,
93% . [efg]C NI\/R (CDClB) [err] 6.1, 6 7 (CH2 cyclopropyl), 17.4, 19.4 (vaI
CH3), 22.6 (val CHW.), 27.1 (CH3 |soprop) 30.1 (CHNH cycl opropyl), 57.8
(NHCH), 74.2 (C3, C4), 76.6 (C2, C5), 78.9 (OCH2Ph), 110.3 (isoprop),

128. 4, 128.7A 128T0acodel 610G selutia) of 41fbhmrobepmyd plcohety0.89ml, 5 1168 giml( R&&=0) .

mmol, leq) in CH,Cl; (10 ml) and KOH (50% aq. 10 ml) was added tetrabutylammonium
hydrogen sulphate (0.015 g). After stirring for 5 minutes, trichloroacetonitrile (0.953 ml, ¢
1.44 g/ml, 9.51 mmol, 1.2 eq) was added and the reaction mixture maintained at -5°C for 30
15  minutes before warming to room temperature. The organic phase was separated and the
water phase extracted with CH,Cl, (2 x 10 ml). The combined extracts were dried with
MgSO0, and concentrated to one third. After filtration through Celite the solvent was

removed in vacuo to give the dilactone as a brownish-yellow oil, 1.82 g (85% yield).
"H-NMR (CHCI; 250 MHz) & 5.30 (s, 2H), 7.00-7.15 (m, 2H), 7.40 (m, 2H), 8.40 (b, 1H).

20
B Preparation of 2,5-di-O-(4-fluorobenzyl)-L-mannaro-1,4:6,3-di-lactone.
To a solution of the dilactone from step A (0.200 g, 1.12 mmol) in dioxane (40 ml) was
added 4-fluorbenzyl trichloroacetimidate (0.72g, ¢ 1.353 g/ml 3.37 mmol, 3 eq). The
reaction vessel was placed under a N,(g) atmosphere and stirred (10 min). TMS-OTf (0.08
25 ml, ¢ 1.230 g/ml, 0.45 mmol, 0.4 eq) was added portionwise. After 4 hours the mixture was
filtered through a pad of 8i0,-NaHCO;-Si0,, recrystallised from CHCl,, slurried with Et,O
(2 ml) and filtered to give (0.315 g, 71.8% yield).

H-NMR (DMSO-dg, 250 MHz) 5 4.75, 4.80 (d, J=7.1 Hz, 4H), 4.90 (d, J=3.7 Hz, 2H), 5.3
30 (d,J=5.8 Hz, 2H), 7.15-7.25 (m, 4H), 7.40-7.55 (m, 4H). *C-NMR (DMSO-ds 62.9 MHz) §
71.4,74.4,74.7, 115.1, 115.5, 130.2, 130.3, 133.3, 160.0, 164.0, 171.8.



This internediate (86 ng, 0.16 nnmol) was subjected to the procedure of
Exanple 2C to yield the titled conpound (52 ng, 0.010 innol, 65% as an
of f-white sgbiogusdzgl D -17 (c. 0.86 CHA 3). 30 [err] G NVR ( CDGRE}/SESS/G0622
6.3 (CHrcycIopropyI) 16.8, 19.5 (val CH3), 22.8 (val CHw2), 28.9
(CHNH-cycl opropyl ), 58.0 (NHCH), 73.4 (C33;4), 73.4 (C2, C5), 82.2

(N Cng_Hé)Ph) 1%2: EXAh%&he?ben%ﬂ&ede-&é’t@n@fr&xﬁ@%@o 050.¢,0.128(nvrad], o6l i CHLEN

NL. N6- di r (| S(pa2m Yy added knvakinerR-smethlasyis (007308, B3¢ mmad3.0 rg)s Fye rpadtion  ( 2-
met hyl benzvl %nﬁ l'e \3as41e Jl%df(ﬁ?,‘ %&gﬁg‘%@ﬁ HoGrs. éoxilceﬁtranon #a z}brz)wn oil Z{crude

1,6-di-(dinme -tert ut yl si | sopropyl - L-man 4. 07
umol ) was dlow@mwnﬁwndnyysﬁcamﬁdsh@m yrf?)lCHFHsMQQHIIGl@ﬂ %@13-‘( hen

gg;)l \i/gst ggl dll%eal%%lﬁg%ﬁ-@a(?%qaﬁl en@%ﬁ%gﬂrg Oqﬁﬁ%r eact I'on PSY %lglds °

roomterrperamz%; for 15 m nutes. 2-Methyl benzyl bronmide (120 m, 8.96 nmol
2.2 eq) and tetrabutylammoni um i odi de (0 285 g, 0.77 mml, 10 0.19 eq)

e ol ot 1 o N DR Psdhbly § BsPialds éﬁ&éﬁ%?%%&m%ﬁ 28 G
e o ot osRik 204 35634 050K~ m’p’“m o200, ), 3RO ‘@’??ﬁ‘?‘ﬁ“eﬁ 3?' o
T P e el HaTFTET bar 10, Tha 730 ety 7255 00ty AR T ATl s

gxltc)ﬁg S(';[ éﬁrﬂeg?)ﬁ] Qé{l%ic‘aj-@'fﬁ]él}gz ). '3cQNﬁﬁ<X @g%cri)?*ez 3’[\41{1{5'331]8?0 5139)1 2513 %9 5§ 89.6, 6H,

Ph-CH err]), 78263192, ?8 O( T4 74IHI5 0+129.5-128)6, 1348658, 59153(45!(1]70 52,I-1711Qr 1215 H 5,

(a0 ik o Sepeip (b tuartppr fhegufray gy 07 7o 120 T A 5002

_ EXAMPLE 8
15 N1.N6-dif(1S)-2-methyl-1-(cyclopropylcarbamoyDpropyl]l-(2ZR.3R 4R 5R)-2.5-

di(benzyloxy)-3.,4-dihydroxvhexanediamide.

An analogous procedure to Example 2B but using L-valine-N-cyclopropylamide (117 mg,
0.27 mmol) yielded the corresponding intermediate as an off-white solid (147 mg, 0.25
20  mmol, 93%).

'*C NMR (CDCls): 6 6.1, 6.7 (CH, cyclopropyl), 17.4, 19.4 (val CHz), 22.6 (val CHMe,),
27.1 (CH; isoprop), 30.1 (CHNH-cyclopropyl), 57.8 (NHCH), 74.2 (C3, C4), 76.6 (C2, C5),
78.9 (OCH,Ph), 110.3 (isoprop), 128.4, 128.7, 128.9, 136.5 (arom C), 169.3 (val C=0),

25  172.1 (NHC=0).

This intermediate (86 mg, 0.16 mmol) was subjected to the procedure of Example 2C to
yield the titled compound (52 mg, 0.010 mmol, 65%) as an off-white solid. [a]p -17° (c.
0.86 CHCl).

30
BC.NMR (CDCl): 6 5.8, 6.3 (CH,-cyclopropyl), 16.8, 19.5 (val CH3), 22.8 (val CHMe,),
28.9 (CHNH-cyclopropyl), 58.0 (NHCH), 73.4 (C3, C4), 73.4 (C2, C5), 82.2 (OCH,Ph),
128.6, 128.8, 129.3, 136.2 (arom C), 171.1 (val C=0), (172 NHC=0).



7.36 ([err], 8H 2x Ph). 20 [err]CGNWR (CDC13 62.9 MHz): 8 5.47
([CH3]2-Si),, 18.61 (CHerr]), 25.90 (2x CHerr], 27.25 (isoprop.C, 29.72
( 2xPh- CH3) W‘?g’g@ §CG1, C6), 71.38 (G2, C5), 78.29 (2xO Ch-¥S89s/08d224 7
(G3, G4 ?) (isoprop.C) 125.65, 127.42, 128.32, 129.31 (2xPh). 25
B Preparation of 32

2,5-di -0 (2- Wé@ §zyl) -3, 4-isopropylidene-L-nmannitol The disilyl ether
fromstep A , 2.65 mmol) was dissol ved |2n3(112r tetrahydrofuran

Tet r abut y| anbil i¥6dif (1 )n2-imd 5l rbanoyhpropylie RDR.5-dH@-added. The
sol ution was shi nrednal fOPm L2dh r 2.5 hours and concentrat ed.
The product was-purrf ' chromat ography (tol uene: ethyl
acetate 1:1) to give the titled diol (0.99 g,. 8899 . [err]H—Nl\/R(CDClS,

250 VHz 1,

oot oy S G Teadiameti- b 4.8 %’l PgiaitoPc1 g, £57

j ;I_-g 21925 1& dgzgs aHiskoNd;l ﬁll%tﬁ-téhahﬂdi'aftﬂﬁ. 3 nﬁ&'gii );olutibsn':_xﬂas:g [ %&kebﬁﬁ/&e ava; C[?CIIBQ 602_|2 90
2X err] C

Vi) 8 b1 Desadimg hydsriide (6h a0 356 8 13eAgmmol 3 3s0) vanadid.Ths Fooig DatBaresy

(CG3, CG4), ﬂe%%v@@and]tggreﬁguon%gﬁecﬁﬁ,roérg %n?;%rénﬁ% £6215 mifutes. 2—1@&%13&11% jon of
2,5- di-0O(2-nethyl benzg&p soIprop yl i dene-L-mannaric acid he di ol

from step B pomide(1g0 mf 2 ¢q) agdl eavabytylpmmeniven l(’éldB(Qﬂ%5 SA/QSWM@CI
2,2,6,6-1£trgngk J,aa R&del gwml raskea%.gn&ré 937&64? ko tefnBedRRe &venﬁ%ngTlmml

003 eq) and a sdlution o ot assi um 006 g, 0.05 nmo 9 eq)
and tetranet bglufmmlthmddﬂ@m“d@ digphyd @eher)(200 nﬂBamirvrﬂsheth@g timg} withvagesit ur at ed

ool od to o] ERPUTRGBEREpRRETE ahiy &1 hopliia LBl Ngh BB BRI,

10. 2 nmol, 2geldia3h chsahatography (aodpuma)ue gwndhmdmbmeﬂmn (1 86(E278%).m ) and

15  'H-NMR (CDCl; 250 MHz) 5 0.10 (s, 12H, 2x CH;C[CH;},-Si), 0.90 (s, 12H, 2x [CH;3],-Si),
1.30 (s, 6H, 2x CH;C[CH3],-Si), 1.40 (s, 6H, 2xisoprop, CHs), 2.30 (s, 6H, 2x Ph-CHy),
3.63-3.78 (m, 4H, H-1, H-6), 3.86-3.94 (dd, 2H, H-2, H-5, J=7.47, 3.20 Hz), 4.17-4.24 (dd,
2H, H-3, h-4, J=1.72, 1.29 Hz), 4.50-4.82 (dd, 4H, 2x O-CH,-Ph, J=52.55, 11.86 Hz), 7.08-
7.36 (m, 8H, 2x Ph).

20 C-NMR (CDCl; 62.9 MHz): § 5.47 ([CH3],-Si),, 18.61 (CH;C[CH;,-Si), 25.90 (2x
CH,C[CH;],-Si), 27.25 (isoprop.C ), 29.72 (2xPh-CHz), 63.70 (C-1, C-6), 71.38 (C-2, C-5),
78.29 (2xO-CH,-Ph), 81.47 (C-3, C-4), 109.49 (isoprop.C) 125.65, 127.42, 128.32, 129.31
(2xPh).

25 B Preparation of 2,5-di-O-(2-methylbenzyl)-3,4-isopropylidene-L-mannitol
The disilyl ether from step A (1.749 g, 2.65 mmol) was dissolved in dry tetrahydrofuran.
Tetrabutylammoniumfluoride in THF (6.92 ml, 1.0 M, 2.6 eq) was added. The solution was
stirred at room temperature for 2.5 hours and concentrated. The product was purified by
silica gel flash chromatography (toluene: ethyl acetate 1:1) to give the titled diol (0.99 g,
30 88%).

'H-NMR (CDCl;, 250 MHz) 5 1,40 (s, 6H, 2x isoprop.CH3), 2.35 (s, 6H, 2x Ph-CH,), 3.60-
3.68 (m, 4H, H-1, H-6), 3.75-3.85 (m, 2H, H-2, H-5), 4.19-4.25 (dd, 2H, H-3, H-4, J=2.40,
1.35 Hz), 4.52-4.71 (dd, 4H, Ph-CH,-O, J=13.49, 11.58 Hz), 7.10-7.25 (m, 8H, 2xPh).



sat urat ed aqueous sodi um hydrogencarbonate (1.20 m) was added over 45

m nutes. After stirring for an additional 1 hour the organic phase was
washed wi t Rygwdasszb H20 and the conbi ned water phases were acPdi/SEssiosiz h |
M hydrochloric acid to pH 2. The acid aqueous phase was then washed three
times with ethyl acetate (15 m ), the orggnic phase was dried 15 and

concent  at ed HONBR @GS MiB) 5612610, €3, Tigast, CoeMTEbIRxoseH B cot |y

in the next step. D _&)Preparatl

N- ( benzyl oxy@Q{%éﬁ'ﬁ;: L25RnIA7A47, %f%ﬂﬁ%&?%i’d@x@k valine (2.55 g, 10.17
mol ), nethyl am ne hydrochloride (0.824 g, 12.20 mml, 1.2 eq) 20 and
1- hydr oxybenzotriazole (2.06 g, 15.25 mmol, 1.5 eq) was dissolved in

di chl or onet h&he ( Peéparatipn ofi2iS+ diiQ(Zupethylbenryl)igpBpylidene-3omamaninatid 3 9 eq)

\IQBSN agtngclt grﬁ%u‘gélr%%g E\BAB 1?52'90451}%@9 'gg,mﬁgr ﬁ,fﬁé)&' 63%])&%‘5(&% ed and
t he sol ution 2%6-mtmwlpip¢ndmm-ﬂdxiylt frmradhcdl (mw&g, 0192anmodo0.0Bgglmtdla. The
sol uti on was then ver. at tu reaction was
Pilter o, "5g souufich aelasim ot {063 008 e TR i EirprdtifinkERghn 12
or gani ¢ phas ®rotiide (ROU86C 008 ininolp0.65 eq) kﬁ&smratemm@emdb&nmhwdfaggemrbaram nat e
(125 m) dried and concenfrated. ,The prodyct was purjfied

recryst al | i z&-2@ml) wasadded. This splytion 'ﬁ%‘)&?ﬁ’é‘i #00%: apd atsﬁlé“‘?‘i' 2] Sé’ﬂ‘“ﬁ’r WBE‘%‘”{“E 04

g, 759 . 1&0 (14% '\J\Buﬁf?@@é%m&% M)*Zs)atu%téh a%ﬁeolxs%hl&ﬂx @hloﬁ!é (zh@Hﬁia’fﬁH
1.66 (s, CH3] 2 . Hz) 9 (m 1H H3),

5.10 (s, 2H sm@)ed aguepgs sqsllmhxctxogemrbwqtectmOMWWdeerﬁS DinugesoAfters 1H

NH- COO)

(1), 2. 14 R Gy Ragond T houd B bigkeif M S babne i sy i Blad, 0

128. 02, 128. 20mbihedwaiwr pliaSs. viede (ldi*hﬁed wih 14thydchlpric acid gt 2 ht)ammueous 34
phase was then washed three times with ethy] acetate (15 ml), the organic phase was dried

15  and concentrated to give the titles diacid. The product could be used directly in the next

step.

D (i) Preparation of N-(benzyloxycarbonyl)-N’-methyl-L-valinamide
Cbz-valine (2.55 g, 10.17 mmol), methylamine hydrochloride (0.824 g, 12.20 mmol, 1.2 eq)

20  and 1-hydroxybenzotriazole (2.06 g, 15.25 mmol, 1.5 eq) was dissolved in dichloromethane
(125 ml) and triethyl amine (5.52 ml, 39.65 mmol, 3.9 eq) was added to adjust the pH to 7.5.
The solution was cooled to 0°C and N,N’-dicyclohexylcarbodiimide (2.94 g, 14.24 mmol,
1.4 eq) was added and the solution was stirred for an additional 1 hour in a cooling bath.
The solution was then stirred overnight at room temperature. The reaction was filtered,

25  concentrated and dissolved in ethyl acetate (176 ml). The organic phase was washed with
water (125 ml) and sodium hydrogen carbonate (125 ml) dried and concentrated. The
product was purified by recrystallization in ethy! acetate-hexane to givethe titled product
(2.04 g, 75%).

30 'H-NMR (CDCl;, 250 MHz) § 0.90-1.00 (m, 6H, [CH;},CH-CH), 1.66 (s, 1H,
CH-CH[CH},), 3.80 (d, 3H, J=4.82 Hz), 3.88-3.99 (m, 1H, H-3), 5.10 (s, 2H, H-5), 5.25-
5.41 (d, 1H, NH-CO, J=7.67 MHz), 5.90-6.05 (s, 1H, NH-COO), 7.30-7.42 (m, SH, Ph).
3C-NMR (CICL;, 69.2 MHz) & 19.24 (C-1), 26.14 (CH-CH[CH;],), 30.67 (CH-CH-[CH:}»),

60.67 (C-3), 67.06 (C-5), 128.02, 128.20, 128.54, 136.19 (Ph), 156.45 (C-2), 171.80 (C-4).
35



D (ii) Preparation of N-nethyl-valinam de
N- (benzyl oxycar bonyl )-N -net hyl -L-val i nam de fromstep (i) above (2.49 g,

9.42 mol ) vy@gw%a‘?ol ved in ethanol (100 m) and pal | adi um opcGdroRdbad
carbon (10% 0. g) was added. The m xture was then hydrogenated (ca. 230

m H2) at roomtenperature overnight. 5 g4The Pd/C was then filtered
t hrough a pa drhGonWtN-meE ihaig@d. The product was purified with
P4, thr e

silica gel onmat ogr%ghy (di chl oronet hane-acetone 1:1) to give N

net hyl - val i nbirfbenaylogyc@ntony))-N-mehyl-Levalijamidefon sep i3 aboye (2.44-8,)9.42ammbl)

0.79-0. 85 6l ) . d4-2.76
(d, 2H, H (1%:"25339%%9?5@%@#‘?@%ﬂ?"h@?@iﬁ%‘@%@%@ L NHR)
7.26 (s, 1H, added. QM8 mixthBGvaNRn(hPDesRated %:a2230Hp) H et ropmliemp@atue avpmight.. 23
CH- CH 77 60,21 (C 166, C-2)..15 D
11y br s The Bilc Ses eh plblet iRpighpad ot et 45 Sonechiled i b i 1
(2R, 3R, 4R, 5R)urified withisiliop gdmal(sjﬂ amgmagfrwi({ﬁememmdsm)m vd lgiae N~ e
di hyd h ' 1 de. ' ' t C (0.247 g, 0.56 t he
alrri éer g?yste)e(%g‘@dll(‘?‘ﬁq%‘a‘%’é?&%oé’ ﬁ%z%ﬁ ,ep2. 9( eq) vve?e di ssg}r\?eé, a{]oget her

wi th 1-hydroxybenzotriazole (0.270 g, 2.00 mmmol, 3.6 eq) 20 in
di chl or onet hﬁ_lne 5.8 M) and_ tet rag}/drof uran (2.9 Triethylamne (0.18

m ).
nt, 1.28 nmo IR (CelRfyla2aQ M 8 §- 70 8 my §H. @HéJPHﬁlisbgdﬂé.(mrNé, reaction
I xt G - o[ ) | qt hyl &ar, L1 mde
nyar och 5 (SRRGRSH, 95408 & 4 1) TR BYLRTSNBNCAR trr b3 A BHORSS
stirred i n a2R.Q8H)20at BI,NH-CHdhour. The reaction mixture was then stirred

il uted 25 GRORAFBR AR pEBRH 7o 4 eichony s MR
hydr ogencar beozit @-3)ltéeem @a). concentrat ed. The product was purified by

silica gel colum chronmat ography (dichloronethane-nethanol, 3:1) to give
the titled diamide (0.291 g). 1H NWR (DVMSO d6, 250 MHz) [err] 0.78-0.94

(H m4, 1a H,113 5)2x g@ﬁ%ﬁﬁ g: %ﬁ'%glg)zz's%;gglf %—gj&féﬁfhrﬁﬂi%fl)&gopﬁ]- 1.93 (m 2H,
3R,4R, , propylidene-2,5-di[(2-me ylbenzyl)oxy] 34-

dihydroxyhexanediamide.
The diacid of step C (0.247 g, 0.56mmol) and the amide of step D (ii) (0.211 g, 1.62 mmol,
2.9 eq) were dissolved, together with 1-hydroxybenzotriazole (0.270 g, 2.00 mmol, 3.6 eq)

20  indichloromethane (5.8 ml) and tetrahydrofuran (2.9 ml). Triethylamine (0.18 ml, 1.28
mmol, 2.3 eq) was added to adjust the pH to 7.5. The reaction mixture was cooled to 0°C
and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.287 g, 1.50 mmol, 2.7
eq) was added and the solution stirred in a cooling bath for 1 hour. The reaction mixture was
then stirred for an additional 2 hours at room temperature. The reaction was then diluted

25  with dichloromethane (30 ml) and washed with 3x30 ml sodium hydrogencarbonate, dried
and concentrated. The product was purified by silica gel column chromatography

(dichloromethane-methanol, 3:1) to give the titled diamide (0.291 g).

1H-NMR (DMSO-ds, 250 MHz) 6 0.78-0.94 (m, 12H, 2x (H-CH[CH3},), 1.22 (s, 6H,

30  isoprop.CH,), 1.87-1.93 (m, 2H, H-4, H-13), 2.24 (s, 6H, 2x Ph-CH,), 2.56 (d, 6H, H-1, H-
16, J=4.38 Hz), 4.11-4.14 (m, 6H, 2x CH-CH[CH;],, H-7, H-8, H-9, H;io), 4.46-4.50 (d, 4H,
Ph-CH,-0, J=9.92), 6.48-7.05 (m, 8H, Ph), 7.70-7.75 (d, 2H, 2x CH-NH-CO, J=11.32 Hz),
8.00 (d, 2H, 2x CH;3-NH, J=4.44).



16, J=4.38 Hz), 4.11-4.14 (m 6H, 2x CHCHCH3]2, H7, H8 H9, H10),
4.46-4.50 (d, 4H, Ph-CH2-0, J=9.92), 6.48-7.05 (m 8H, Ph), 7.70-7.75 (d,
2H, 2x CH Nvb©OgMs33ell. 32 Hz), 8.00 (d, 2H, 2x CH er]-NH, J=4.#&}/SE98/00822 E
Preparation of N, N6-di[(lS)-2-nethyl-I-(nmethyl carbanoyl)propyl]-

(2R, 3R 4R, 5R) - 2, 5-di j (2- met hyl benzyl ) oxy]353, 4- di hydr oxyhexanedi ai ni de.

Hyd(r]I ochl o][i CEaci dPreférafich mﬂm&i[(lsngie)hmqmdﬂhﬂrﬁaﬁmymoﬁﬁﬁm ne end .
product of st D 0 0. Q9Q . Jhe reaction mxture was stirre
at room tenp@?&lfﬁéggbsgégﬂwgw&“%&ﬂfﬁﬁgﬁé °§¥J}?§§ﬁmaﬁi‘ . The product
was puri fi edHpgroshibricatid)ab ir@bitaidl D)Wk added Rbhe ditinsihé Wﬂwaﬁmﬁt hanol
9:1) to give the titled diamde (0.042 g 74% . 1H NWMR ( O d6, 250 MHz) 8
0.82-0.87, (0.06020.09Q mmqhcTe repgsiop mixtugs wes)stirred af 700m gempeggturg fpr 60 minutes

CH CH[ CH3J 2) el GHRs: i iy 42) .

5 865 05 10“@3&&2"?’4%% 1, ﬁéf%h 4_01?@?%?3%’,’?%,‘ o °ﬁ°é‘?‘t°§ii7°ﬁ’é7) ,
4.18-4.19 ( nfdichipromethanermethynol 9:1) o give the fitledgjamide ().0427g 74%¥. 31 (m 8H, Ph),
7.70-7.74 (d, 2H, 2x CH NHCO, J=8.82), 7.90- 7.92 (d, 2H, 2x CH3- NH,
J=4.49). 13C-NMR (DMSO- d6, 69.2 MHz) 8 17.99 CH CH CH3]2,19.13 (Ph-CH3),
25. 31 ( CH CHIHGBERZIDMSEBd« 250 MHE) 5 €82-8)87, &,712H/( 2 CHICHDCHZ), J=696531.94-2.02

(Ph-CH2-0O), 69. - -10).,. 79 -8,.. G 9), A7, 127.5
128.30, 129. 8%2%53&"6‘4%[“?%% 24? ‘(‘fﬂf',%" %gr?ég 2("@-(&, &%3-}1'3{)%3'1%7&‘14@1’(@%?-8&- 1
1) . EXAVRLE g—&mmﬁﬁihi)( 4 813181 (&, 28y HL8)HL9, =320, ) 8140t9](kk, 2H, H-7, H-10), 4.47
1-indenyl |- (2R 3R 4R 5R)-2.5-di (benzyl ox¥ - 20
3. 4-di hydr oxSﬁh@i»aPﬁ*e%Haﬁg'&eﬁ-@b(ﬁ 8. %‘2)., 2.7@.74 (¢n7B}, Px GH-NH-CO, J=8.82), 7.90-
(1S, 2R) - 1- anyy 9L 2lnsheopl-Nneps—fagpended in 12 n CHCLI3 and heated to 45C
2,5-di - O benzyl -L-nmannaric-1,4:6,3-di-lactone (1.0 g, 1.0 eq., 2.82 mml)
BC-NMR (DMSO-dg, 69.2 MHz) 5 17.99 CH:-CH[ CHs}s, 19.13 (Ph-CHj), 25.31 (CH-CH]
CHs},), 30.40 (C-1, C-16), 57.57 (C-4, C-13), 69.37 (Ph-CH,-0), 69.80 (C-7, C-10), 79.29
15 (C-8,C-9), 125.47, 127.59, 128.30, 129.78, 131.48, 136.42 (Ph), 170.38 (C-3, C-14), 172.03

(C-6, C-11).

EXAMPLE 10

20  3.4-dihydroxyhexanediamide.
0.915 g (2.2 eq., mmol) of (1S,2R)-1-amino-2-indanol was suspended in 12 ml CHCl; and

heated to 45°C. 2,5-di-O-benzyl-L.-mannaric-1,4:6,3-di-lactone (1.0 g, 1.0 eq., 2.82 mmol)
from Example 1 was added all at once and stirring was continued at 50°C during 4 h.
Subsequently, the reaction mixture was extracted with saturated aqueous NH,Cl (2x) and

25  water (2x), dried with MgSO, and concentrated. Recrystallization from methanol gave (0.65
g, 35%) as a white solid.

C NMR (CDCl;) § 39.2, 57.8, 71.6, 72.5, 73.5, 81.5, 124.0, 125.3, 127.0, 128.2, 128.3,

128.6, 136.7, 139.8, 140.8, 171.6. Anal. (C33HN,0g) C, H, N. [0]p -20.7 (c 0.68, CHCL;).
30



from Exanpl e | was added all at once and stirring was continued at 50C
during 4 h. Subsequently, the reaction m xture was extracted wth saturated
aqueous NHAGH ofMdiahp and 25 water (2x), dried with MgySO4 and perysEssivogi2ed.
Recrystallization from net hanol gave (0.65 g, 35% as a white solid. [err]C
NVR (CDC13) [err] 39.2, 57.8, 71.6, 72.5, 3g3.5, 81.5, 124.0, 125.3, 127.0,
128.2, 128. 35&%@51136 7, 139.8, 140.8, 171.6. Anal. ([err]) C H N
[[err]]DZO 7 (c 0. ¢

N1-[ (I S. 2R) - a6
(met hyl car ba
nedi am de. 5 ngy qg.
suspended in 4 m CH3CN and heated to 55[err]

F e S TS A 15 S Gkl by s T

during 1.5 h mdgm 561G. B,5-DinO-bereyEll-mixinatie-1,3; @-&-mﬁ@ﬁ g;cb:Otelqorl 4df )
L-val i ne rret dd by t he
m xture was conc n?r egx;‘% astj?fi'? dleaglaat%n%h]mqga]ra’?l eage gdfa}t% bt llk

chr omat ogr ap hytogeﬂd@m WB@M AFEHES 3-dlubiBet Rtich afni-vElidAnethH Shidz 0188)mg, 0

T2'a, 72,57 P 1 g) mpoIRe et Al 25 beini i eyl g ptied yad >

128. g (1218 7,sxlﬂc2Qel&lasﬂaﬁoﬂatoﬂﬁglyﬁ((}é-@ﬁv%a}ﬂ%ﬁl ; CHAARIOH J(h1 M(HAE-MQOM
.N6-dir(1 S 2R X I hydr o-
-indenvl | - (Zﬂo)ﬁt%};%&g“é 5 %

fl uor obenzyl oxy) - 3. 4-di hydroxvhexanedi am de.

*C NMR (CDCL) § 17.2, 19.5, 39.3, 58.0, 58.4, 72.2, 72.4, 72.8, 73.4, 81.4, 81.8, 123.9,

1254, 127.0, 128.1, 128.2, 128.4, 128.5, 128.7, 128.8, 136.4, 139.6, 140.8, 170.9, 172.0.
15

EXAMPLE 12

fluorobenzyloxy)-3.4-dihydroxyhexanediamide.

20 A Preparation of 2-fluorobenzyl trichloroacetimidate.

Procedure as described in Example 7A but using 2-fluorobenzylalcohol gave (2.79 g, 74%).

IH-NMR (CDCL3, 250 MHz) 3 5.36 (s, 2H, H-4), 7.23-7.49 (m, 6H, Ph), 8.45 (s, 1H, NH)
13c.NMR (CDCL3, 62.9 MHz) & 64.65 (C-4), 91.14 (C-1), 115.14, 115.45, 123.97, 128.90,
25 129.97, 130.11 (Ph), 162.18 (C-2).

B Preparation of 2,5-di-O-(2-fluorobenzyl)-L-mannaric-1,4:6,3-dilactone.
Procedure as described in Example 7B but using 2-fluorobenzy] trichloroacetimidate gave
(0.303 g, 73%) as a white solid.

30
1H-NMR (DMSO-dg, 250 MHz) & 4.83 (d, 4H, 2x Ph-CH3, /=8.00), 4.93 (d, 2H, H-3, H-4,
J=3.72), 5.31 (d, 2H, H-2, H-5, J=3.78), 7.19-7.54 (m, 8H, 2x Ph) 13C-NMR (DMSO-dg,
62.9 MHz) 6 65.78 (C-3,C-4), 74.22 (C-2, C-5), 74.95 (2x Ph-CHp), 115.04, 115.37, 124.41,
130.25, 130.38, 130.58 (2x Ph), 170.41 (C-1, C-6).

35



20 A Preparati on of 2-fluorobenzyl trichloroacetimdate. Procedure as
descri bed in Exanple 7A but using 2-fluorobenzyl al cohol gave (2.79 g, 74%.
1H NVR ( CDGyéosZssoMiz) [err] 5.36 (s, 2H, H4), 7.23-7.49 (mpCRISEISNO622
8.45 (s, 1H, NH) 13C-NWR (CDCL3, 62.9 MHiz) [err] 64.65 (C-4), 91.14 (C1),
115. 14, 115.45, 123.97, 128.90, 25 129. 97, 130.11 (Ph), 162.18 (C-2). B
Preparation of 2, @r&ﬁare@b&&d‘ rb&ﬂ@’aaﬂaéshﬁbddﬂﬁﬂﬁplbqe butdising 2, 3lii-@42-0ne.

Procedure as descri bed i n Exanp 7B but using fluor n

tri chl or oacetflupfobenzxl) Vém’@!}c‘éﬂ'sﬁe ydilactope gave the Hﬁ? ‘E‘gn%"(‘ﬂ"i?g)@é(ﬁ $3%MVR
(DVBO-d6, 250 MHz) [err] 4.83 (d, 4H 2x Ph-CH2, J=8.00),4.93 (d, 2H, H3,
H4, J=3.72), 5.31 (d, 2H, H2, H5, J=3.78), 7.19-7.54 (in, 8H, 2x Ph)

13C- NMVR ( DVS IMS QAdg,) 250 MHz) A2 153 31@*41)1 A, H-2 14 /=4.58, £).56, 7&8@5 (2x
Ph- CH2 1 e/ » 41
P2 o3 1938 Mn w2l A0 B3R89, 2 (prerle 0

Exanpl e 10 bu3.83,i4#5).2.62-(di 4H) 2k Ph-CHy; J=3.40), 4.92 (d 2H, 2x OH-CH, J=7.23), 5.08 (d,

e RS b, 8 6 ECE A6 43041 D 0

J=4.58, 11.56,82%8, M NH,9=8.78. BC-NMR @IMSOHg, 62:9 NHz) 85179&) 1, @-14% 5687 (CH,

H7, H8, J=7.69 83, 4. 43 4

o o, 3=3. Jot-12h 6438 (o A0, oblad &*@8#@%} R 6t s s Eootite &t
J=4. 10), 1b- 27115(115 1@1;*,1862&70(}21@,1 6d96127.16, 98,55, 129.88, 130.10,(120.556141.96x Ph) ,
7.82 (d, 2H, %@) _NNRC%Q O d6, 62.9 Miz) 8 54.79 (C-1, C 14),
56.57 (C 1é’-’§@)1618ﬁ( b 3%0-6h(Gf5-1069. 81 (C-7, C-8), 72.01 (C-2, C 13),

79.53 (C—6 C9) 114. 80, 10 115.15, 124.18, 125.70, 124.91, 126.09,

127.16, 129.55, 129.68, 130.10, 140.55, 141.90,
EXAMPLE 13

15 fluorobenzyloxy)-3.4-dihydroxyhexanediamide

A Preparation of 4-fluorobenzyl trichloroacetimidate.
Procedure as described in Example 7A but using 4-fluorobenzylalcohol gave (3.036 g, -
81%).

20 .
IH-NMR (CDCL3, 250 MHz) 5 5.29 (s, 2H, H-4), 7.18-7.43 (m, 6H, Ph), 8.45 (s, 1H, NH)
Bc.NMR (CDCL3, 62.9 MHz) 3 70.02 (C-4), 91.35 (C-1), 115.32, 115.67, 129.77, 129.90,
131.26, (Ph), 162.40 (C-2).

25 B Preparation of 2,5-di-O-(4-fluorobenzyl)-L-mannaric-1,4:6,3-dilactone.
Procedure as described in Example 7B but using 4-fluorobenzyl trichloroacetimidate gave
(0.242 g, 54%) as a white solid.

TH-NMR (DMSO-dg, 250 MHz) 3 4.74 (d, 4H, 2x Ph-CHy, J=6.87), 4.87 (d, 2H, H-3, H-4,

30  J=4.00), 5.24 (d, 2H, H-2, H-5, J=4.02), 7.18-7.47 (m, 8H, 2x Ph) 13C-NMR (DMSO-dg,
62.9 MHz) § 71.17 (C-3,C-4), 74.25 (C-2, C-5), 74.68 (2x Ph-CHy), 114.92, 115.27, 130.00,
130.13, 133.07, (2x Ph), 171.54 (C-1, C-6).

C Prepared by the procedure as described in Example 10 but using 2,5-di-O-(4-
35  fluorobenzyl)-L-mannaric-1,4:6,3-dilactone gave the title compound. (0.053 g, 40%).



157.86, 161.76 (4x Ph) 170.64 (G5, C10). EXAMPLE 13 N1 .N6-di[ (!

S. 2R) - 2- hydr oxy- 2. 3-di hydro- 1H 1-i ndenyl 1- (2R 3R 4R 5R)- 2. 5-di (4- 15

f 1 uor obenz v gx¥hssde 4- di hydr oxyhexanedi am de A Pr epar at i onp@®f/sE9s/00622
4-fluorobenzyl ‘trichloroacetimdate. Procedure as described in Exanple 7A
but using 4-fluorobenzyl al cohol gave (3.Q@g6 g, 81% . 20 1H NMR (CDCL3, 250
MHz) 8 5.29 (s, 2H, H4), 7.18-7.43 (m 6H, Ph), 8.45 (s, 1H, NH)
[err]C-NWR (CDCL3, 62.9 MHz) 8 70.02 (C4), 91.35 (C—l‘z, 115. 32, 115.67,
129. 77, 129. YNMR (DMSO-4¢>RJ0 MHz»5 28 (3313+dd2 4H, He, H-14, Prdbh 135801608,

2. 5-di - 0- (4- Ly i : i1 .
descr : bed( i négfﬁ{r%??ﬂ%‘)éﬁtf'@ ?ﬂ 3%@#1% F‘%Bg%glyjl_%’ﬁﬂ' ?cg' %Séﬁégﬁgﬁﬁ?‘aﬁts %Slgave
(0.242 g, 5468 4HS2xPhBH=662), 4.80 (HRHINR QBNSDJB45R SA0NE2H, €H-0H, (d, 4H,
2x Ph-CH2, J=6. 4 , —4. 2.
s o) s dsa (g (. b, 15 S0 4360 ar e Gt P x P B b A el
14,11,(0.3,3n Dol pmscismstengs g x O s i, |

. , . . X , - - . e I e
S cadur o SeCa BRI 18 . o R GAC T 19,566 01146538807 128 53]
f 1 uor obenzyl jogl71rpon sy, 1 £7.18, 42963199 1 £9B20S, 14858, 141921 199153, C6¥AURPh), (0. 053
g, 409 . TH NVR (DMBO- d6, 250 MHz) [err] 2.78-3.11 (d+dd, 4H H1, H 14,

J-4.63, 11.580.8Ce8E-10. o5 (t, 2H, H 3, H 12, J=7.64), 4.11 (d, 2H H 7,
H 8, J=8;p4), 4,45 (m 2H, H6, HO9), 4.51 (d, 4H, 2x Ph-CH2; J=6.02), 4.89
(d 2H, 2x OHCH, J=7.45), 5.10 (d, 2H, CH2-OH, 5 J=4.16), 5.27 (g, 2H,
C-2, C 13, JEXABPPLEA406), 7.09-7.84 (m 16H, 4x Ph), 8.30 (d, 2H NH,

N1.N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]l-(2R.3R. 4R ,5R)-2.5-di[(4-
phenylbenzyloxyl-3.4-dihydroxyhexanediamide.

15 A Preparation of 4-bromobenzyl trichloroacetimidate.

Procedure as described in Example 7A but using 4-bromobenzylalcohol gave (3.2 g, 90%).

1H-NMR (CDCLa3, 250 MHz) 5 5.3 (s, 2H), 7.3 (d), 7.5 (d), 8.4 (s).
13C-NMR (CDCL3, 62.9 MHz) 5 69.84, 122.32, 129.40, 131.65, 134.38, 162.32.
20
B Preparation of 2,5-di-O-(4-bromobenzy!)-L-mannaric-1,4:6,3-dilactone.
Procedure as described in Example 7B but using 4-bromobenzy! trichloroacetimidate gave
(0.739 g, 83%).

25 IH-NMR (DMSO-dg, 250 MHz) 6 4.7 (d), 4.8 (d), 4.9 (d), 5.3 (d), 7.4 (d), 7.6 (d).
13Cc.NMR (DMSO-dg, 62.9 MHz) § 71.27, 74.40, 74.92, 130.08, 131.36, 136.44, 171.68.

C Preparation of N1,N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-
(2R,3R 4R ,5R)-2,5-di[(4-bromobenzyl)oxy]-3,4-dihydroxyhexanediamide.

30
Procedure as described in Example 10 but using 2,5-di-O-(4-bromobenzy!)-L-mannaric-
1,4:6,3-dilactone gave (0.0746 g, 66%).
13C-NMR (DMSO-dg, 62.9 MHz) § 17.93, 19.81, 26.32, 30.84, 58.93, 72.11, 72.51, 80.72,
122.67, 130.36, 132.29, 136.80, 172.35, 172.88.

35



J=8.74) 13C-NWR (DVBO d6, 62.9 MHz) 8 54.80 (C 1, C14), 56.56 (C3, C12),
69.72 (2x Ph-CH2), 70.38 (C-7, C8), 72.02 (C-2, C13), 79.36 (C6, C9),
114. 68, 115¥0Dbs/48334. 23, 124. 71, 126.09, 127.18, 129.62, 129. 72CTHSEL8/06622
140. 56, 141.92, 159.55, 163.40 (4x Ph), 170.81 (C5, C10). 10 EXAWPLE 14
Nl . N6-dir(1S)-2-nethyl-1-(nethyl car banoyi9) Rropyl] - (2R 3R 4R 5R)-2.5-di [ (4-
phenyl benzyl poxy| Pikpdratorhaofdlieitidvexmpoast. The pwduck From above (30iing 0032 tnhrddl),0 f

but using 4. BheonbEmRiEE e O1SGapon BIEFR) @agps SRR mDONRCS) By o

5.3 . 2H) , »wie g,é,gm @Wv?as i 84,
122. gz 1|2_|)9%%)’%{g?(g%m)?%%ﬁg&gFﬁ)l%’gﬁ%emz BMmPre ar g’? %ﬁng‘ﬁ tibh fide

2, 5- di - O ( 4- Bteshwitheserep Faps imamateesphere of Na, Thedibenwassnbiectry tponigwave s

descri bed. i n; : ' Molg ' -1.17] ve
(0. 739 g,% SSM %’%&‘&%“%”3‘6@ %Q%Qg ‘5%1‘]. u};?d(g Pﬂqﬁ*’%%‘?‘%ﬁ( d),
5.3 (d), 7. 4cdndéntraied@ing girifiel3@-shivR g¢iRvBOidhrotido Srapi(CHELZMeQH 2071 td Bive
74.92, 130.08, 131.36, 136.44, 171.68. C Preparation of

Ni , N6- di [ ((ST< 28net hyl - 1- (et hyl car banoy! ) propy! | -

(2R, 3R, 4R, 5R) - 2, 5-di [ (4- bronpbbenzyl ) oxy] - 3, 4- di hydr oxyhexanedi am de. 30

P d i in hut_ usj

e G (a HERGEL 155 ks 106, 28700308 2p 00,5842 398 TR 64 RS
669 . 13{6 NVRAI0VEEY 6 12686,920007)13526] 14051, £A.711 970395, 126582, 30. 84, 58. 93,
72.11, 72.51, 80.72, 122.67, 130.36, 132.29, 136.80, 172.35, 172.88. 35

EXAMPLE 15
N1.N6-di[(1S)-2-methyl-1-(methylcarbamoy)propyl}-(2R,3R.4R . 5R)-2.5-di[4-(3-

thienylbenzyloxyl}-3.4-dihydroxyhexanediamide.

15
Preparation of the title compound. The product from Example 14C above (33 mg,

0.043 mmol), 3-thipheneboracid (23.9 mg, 0.214 mmol), Pd(PPhs)4 (2.5 mg, 0.00214 mmol),
NaCO; (85 pl, 2M), EtOH (65 pul), H,O (90 ul) and dimethoxyethane (270 pl) was mixed in '
a reaction tube fitted with screw caps in an atmosphere of N,. The tube was subjected to

20  microwave irradiation for 4 min at 45 W. The tube was cooled in water before the reaction
mixture was concentrated and purified by silica gel column chromatography (CHCl;-MeOH
20:1) to give 30 mg.

13Cc.NMR (CDCly/MeOH-d, 62.9 MHz) 6 16.55, 18.42, 24.91, 29.54, 57.64, 70.96, 71.77,
25 79.38, 119.70, 125.34, 125.63, 125.76, 128.00, 135.14, 141.08, 171.32, 171.66.
Anal.caled. C, 61.61; H, 6.47; N, 7.19. Found: C, 61.2; H, 6.5: N 7.2.

EXAMPLE 16

N1.N6-di[(1S)-1-phenyl-1-(methylcarbamoyl)methyl}-(2R 3R 4R.5R)-2.5-di(benzyloxy)-
30 3.4-dihydroxyhexanediamide.

2,5-di-O-benzyl—L-mannaric-1,4:'6,3-di-lactone from Example 1 (150 mg, 0.423 mmol) was
dissolved in acetonitrile (1 ml) and phenylglycine-N-methylamide (271 mg, 1.67 mmol) was

added to the stirred solution. The solution was heated to 65°C for 14 hours and then



39 D Preparation of the title conpound. The product from above (30 ny,
0.039 mml ), phenyl boracid (23.6 ng, 0.194 mol), Pd(PPh3)4 (2.2 ng, 0.0019
mol ), NaCQologhsssol €rr]A 2M, EtOH (60 [err]1), Herr]0 (80pdmsedsiopsand
di met hoxyet hane (240 [errr]1) was mxed in a reaction tube fitted with
screw caps in an atnosphere of N2. The tulge was subjected to microwave 5
irradiation gefcefrdidd)TRE criide pPodubli&ad pl2ficd® slﬁéEQ% Eolifin ¥roftatoRRbRY € t he
reaction mxture was concentrated and puritied by silica gel coI um

chr omat ogr apkshlqrefiom-methappl HD: 1) to give 28 ny. 13C NWVR (CDC13, 62.9 MHz)
[err] 17.08, 19.79, 26.18, 29.04, 58.42, 73.28, 73.64, 81.96, 10 127. 20,
127.68, 128.96, 129.01, 135.26, 140.51, 141.71, 170.55, 172.53. EXAWPLE 15
Ni . N6- di r (1S)*CGNMR (G;0D and CDCl;) § 26.3, 26.4, 57.1, 71.8, 73.4, 80.3, 127.4, 128.3, 128 4,

té\lrrgtnwl) b‘g:\g??%%’fl)zgéow ﬂé,%?&é%%gﬁg?é?é SdCe]II [iS(grepar ation of the title

conpound. Thanpkdltdod, 66(%@&%62]14&@50&666(733!1{@34;0{ 942 mol ),

3-t hi pheneboracid (23.9 ng, 0.214 nmmol), Pd(PPh3)4 (2.5 ng, 0.00214 mmol),
NaCO3 (85 [err]1, 2M, EtOH (65 [err]1), H20 (90 [err]1l) and

di rrethoxyethmMr{err]l) was mxed in a reaction tube fitted with screw
caps in an atmosphere of NZI The. tube wa sub ect edto 20 d,m crowave

i rradiation NdNQdifle)-2imethyl-lr{methlcarbamoy] ore the
reacti onygn xhug@béﬁ%%#%ggarﬁﬂig%?hmcm%aé [ ed by Si I [ ca gel colum .
chr omat ogr aphy to grve 30 ng. 13C-NWR (CDCl[err]/ MeOH d4

62.9 MHz) [err] 16.55, 18.42, 24.91, 29.54, 57.64, 70.96, 71.77, 25
79.38, 119.7Q, 125.gfmt %ﬁ@ﬁi bns % mi3Po Q8geatd d- 3
19,78, 10, 1% | 2o oS5y il ik igalfd. 2
7. 2_ EXANMPL Eﬂg@*obenzylalkohol (1 6 g, 12.4 mmol) in CHzClg (15 ml) and KOH (50%, 15 ml) Thxs

mixture was cooled to -15°C prior to the addition of trichloroacetonitrile (1.5 ml, 14.9

15  mmol). After 30 min at -10°C and 2.5 h at ambient temperature the phases were separated.
The aqueous phase was extracted twice with CH,Cl,. The combined organic phases was
dried with MgSO, and purified with silica gel column chromatography (toluene) to nge 3-

fluorobenzyl trichloroacetimidate (3.27 g, 95%) as a clear oil.
20 1H-NMR (CDCl) & 5.3 (s), 7.0-7.15 (m), 7.3-7.45 (m), 8.4 (s).

B Preparation of 2,5-di-O-(3-fluorobenzyl)-L-mannaric-1,4:6,3-dilactone.
Procedure as described in Example 7B but using 3-fluorobenzy! trichloroacetimidate gave
(0.220 g, 33%) as a white solid.

IH-NMR (DMS0-dg, 250 MHz) 5 4.8 (d, 4H, J=5.8), 4.9 (d, 2H, J=4.1), 5.25 (d, 2H,
J=3.9), 7.15-7.25 (m, 8H), 7.3-7.35 (m, 2H). 13C-NMR (DMS0-dg, 62.9 MHz) 5 71.08,
74.27,74.67, 114.45, 114.80, 123.59, 130.30, 130.53, 139.8, 171.55.

30 C Prepared by the procedure as described in Example 7C, but using 2,5-di-O-(3-
fluorobenzyl)-L-mannaric-1,4:6,3-dilactone gave the N1,N6-di[(1S)-2-methyl-1-
(methylcarbamoyl)propyl}-(2R,3R ,4R,5R)-2,5-di[4-(3-fluorobenzyl)oxy]-3,4-
dihydroxyhexanediamide (0.030 g, 16%) as a white solid.

35



N1.N6-di[(1S)- 1

- phenyl - 1- (net hyl car banoyl ) net hyl | - (2R, 3R, 4R, 5R) - 2. 5-di (benzyl oxy)- 30

3. 4-di hydr oxghexssasedi am de. 2, 5-di - O benzyl -L-mannari c- 1, 4: 6, BCTSEI848623ne
fromExanple 1 (150 ng, 0.423 mmol) was dissolved in acetonitrile (1 m)
and phenyl gl yci ne- N-net hyl ami de (271 ng, 41. 67 mmol ) was added to the
stirred sol BXAMPLEN8 sol ution was heated to 65[err]C for 14 hours and then
40 concentr . _ Y .

chronat ogra - Nt eD F
CDC[EH][G”:]M@IM&E&&M&MB 73.4, 80.3, 127.4, 128.3,
128.4, 5 128.5, 128.6, 129.0, 136.5, 137.2, 170.3, 171.3. Anal . cal cd. C,
66.85; H 6.20; N, 8.21. Found: C, 66.74; H, 6.34; N 8.12. EXAMPLE 17

N1. N6- di k(| Preparedtylitd procediiiRiab HéscAbLIGABYAMPIE Q@Hﬁt'usiﬁ R.53dR. -ﬂﬁi)rou?e [4-(3
- 10 fl Eorobenzyl)ox ll’ 4-di hydroxyhexanlseldl am de. 2 GL? BE?BU
anmoni um hy drgairrisdds %rf’@a“f% from Exsmpde WR,(0Y03 E&Osd'ﬂﬂea a{“b(l§ ZR)'I “ariino-

fl uor obenzyl (y9ag 1 ). and KOH (50% 15
m). This m%ﬁ%@&oﬁdgkgggégﬂ%ﬁaﬁ J‘F‘f @°'§‘3%§"r’ Qddg T8l o Tk

trichl oroacetonitrile (1.5 M, 14.9 15 mmol ) . After 30 mn at -10[err]C
and 2.5'h at a us
phase was ex%%% IM W ced V?PEM%%?QZP%%Z@ mezhzgl?gf;g%taﬁij%s lﬁgsgégw

dri ed wiibh Ng&@l%@l%hl%ﬂdl%lt. h2%2,1130.4, 156l1, t40.6)m1 OthriaMlg? dpoy,

(tol uene) t%g - fl uorobenzyl trichloroacetimdate (3.27 g, 95% as a
clear oil. NI\/R(CDCI[err]) [err] 5.3 (s), 7.0-7.15 (m, 7.3-7.45
(in), 8.4 (s). B Preparati on of

2,5-di - O(BrFTIg Egnzyl) L- mannaric-1, 4: 6, 3-di | actone. Procedure as
descri bed i kg 978 but usi ng 3-fl uorobenzyl trichl oroaceti m date gave

N1.N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,3R.4R 5R)-2.5-dif4-(2-

15 fluorobenzyloxy]-3.4-dihydroxyhexanediamide.

The procedure as described in Example 7C, but using 2,5-di-O-(2-fluorobenzyl)-L-
mannaric-1,4:6,3-dilactone (Example 12B) gave the title compound. (0.062 g, 38%) asa
white solid.

20
13C.NMR (DMSO-dg, 62.9 MHz) 17.90., 19.11, 25.29, 30.43, 57.49, 64.78, 69.74, 79.38,
114.82, 115.15, 124.18, 124.59, 129.59, 130.14, 170.14, 170.93.

25 EXAMPLE 20

difluorobenzyl)oxy]-3.4-dihydroxyhexanediamide.

A Tetrabutyl ammonium hydrogen sulphate (15 mg) was added to 2,4~

30 difluorobenzylaicohol (1.0 g, 6.94 mmol) in CH,Cl; (10 ml) and KOH (50%, 10 ml). This
mixture was cooled to -15°C prior to the addition of trichloroacetonitrile (1.2 ml, 8.32
mmol). After 30 min at -15°C and 3 h at ambient temperature the phases were separated.
The aqueous phase was extracted twice with CH,Cl,. The combined organic phases were

dried with MgSO, and reduced to one third. The residue was filtered through celite and



(0.220 g, 33% as a white solid. 25 1H NVR (DVBO d6, 250 MHz) [err] 4.8 (d,
4H, J=5.8), 4.9 (d, 2H J=4.1), 5.25 (d, 2H 1=3.9), 7.15-7.25 (in, 8H),
7.3-7.35 (Ry 8@;,, ¢3C NVR (DVBO-d6, 62.9 MHz) 5 71.08, 74.27,pc¥sEoR00622
114. 45, 114. % 33 59, 130.30, 130.53, 139.8, 171.55. 30 C Pr epar ed
by the procedure as described in Exanpl e, C, but using 2,5-di-O(3-
L'l“‘,ig"ﬁf{‘ﬁlyg%on%mﬁ@f bie e drfde 3 ks RSy 9t orbilRimidate (1.83 g, 92%) as &

(et hyl car bayellpiv)qil opyI] (2R, 3R 4R, 5R) - 2, 5-di [ 4- (3-fl uor obenzyl ) oxy] - 3, 4-

di hydr oxyhexanedi am de (0.030 g, 16% as a white solid. 35 41 EXAMPLE 18
N1 .N6-di[(IS. 2R)-2-hydroxy-2. 3-di hydro- 1H

1-i ndeny! | - ( BRNMER 4EDBER) § 235 (6 5-6.90 (m), 7.50 (m), 8.50 (s). 13C-NMR (CDCL, 62.9

s descr ipeci Bkt iel 163§ R T TAE 15520368, 1oild IREbolbey s 2 Moo
L-mannaric-1,4:6,3-dilactone from Exarrple 17B (0.03g, 0.08 mmol) and

(1S, 2R)-1-am no- 2-indanol_ (0. 04%6‘8 31 mvl) gave the title conpound
(0.04 g, 769%. 13Rrepaprtion diffugpobgnzgl)-3gmannare-1¢:6, 3 dilactonpg 2 72, 0,

79.5, 113. 8, prhdedntd as qigzﬁ:nged 1&%xam%ll43%utt]%i4—dﬂf%r&en fl‘xcﬁlor@a%@tirﬁidaﬂﬂ? 2,
130.0, 130.1, 140.6, 141 , 141 160. 1, 164 - EXAMPLE 19 N

1.N6-di [ (1 gavg((h%?t g}W%) 1hc titled benzylated dilactone as a white solid.’

- (met hyl gar bamoyl ) propl ] - (2R 3R, 4R 5R)- 2. 5-dir4-(2- 15

fl uor obenzyl ) oxyl - 3. 4- di hydr oxyhexanedi am de. The procedure as described in
Exanpl e 7C, (DMSD;: &, 850 MEHZPS #176 ¢ty aliph2/1, B-3),-5.20 (d, 4H, J=6.6), 6.9-7.1 (m, .

4H), 7.5-7.65 (m, 2H).

C. The benzylated dilactone from above (0.11g, 0.28 mmol) and N-methyl-L-valine

15 (0.22 g, 1.66 mmol) were refluxed in dichloromethane (1 ml) overnight. Concentration and
purification by silica gel column chromatography (dichloromethane-methanol 9:2) gave the
title diamide (0.042 g, 23%), as a white solid.

13C-NMR (MeOH-d,, 62.9 MHz) § 18.4, 19.7, 26.2, 31.2, 59.9, 66.8, 72.1, 81.4, 104.2,
20 104.6,104.9, 112.0, 112.4, 121.7, 122.1, 133.1, 133.2, 173.3, 173.8.

EXAMPLE 21

difluorobenzyloxy )—3,4—dihydmxyhexénediamide.

Procedure as described in Example 20C but using (1S,2R)-1-amino-2-indanol (0.16 g, 1.09
mmol) gave the title compound (0.048 g, 25%), as a white solid.

1H-NMR (MeOH-d,, 62.9 MHz) § 2.90 (2d, 2H), 3.15 (2d, 2H), 4.20 (d, 2H), 4.62 (m, 4H),
30 4.7 (s, 2H), 5.4 (d, 2H), 6.8-7.0 (m, 4H), 7.2-7.4 (m, 8H), 7.45-7.65 (m, 6H).

EXAMPLE 22

N1.N6-di[(1S)-2-methyl-1-(methylcarbamoyDpropyl]-(2R.3R 4R,5R)-2.5-di[4-(2-

pyridyhbenzyloxy}-3.4-dihydroxyhexanediamide.
35 '



mannaric-1, 4: 6, 3-di | actone (Exanple 12B) gave the title conpound. (0.062 g,
38% as a white solid. 20 13C-NWR (DVSO-d6, 62.9 MHz) 17.90., 19.11, 25.29,
30.43, 57.480968/4s5388, 69.74, 79.38, 114.82, 115.15, 124.18, 12#CI%E8D06239,
130. 14, 170.14, 170.93. 25 EXAMPLE 20

.N6-dir(IS)-2-nethyl-1-(nethvlcarbanoyl4zpropyll-(2R 3R 4R 5R)-2.5-dir4-(2
4 di fl uor omlzmhademn&aéxpw Taychibove/(30 i) 0938 intkd), trhnethyl-ZFpyridybtih 47.0

o b T i o b P ma ot henm 0% 10

m). This m ﬁﬁx&ﬂiﬁw&@&&ﬁ% eeleat:@on thbd Bridd wattéckeW cdps it AfarddspHete0sT N3f The
trichloroacetonitrile 8.32 mmol ). After 30 mn at - 15[ err]C and 3

h at anbi ent mbemmweé t? ﬁ@rawﬁ@éga%w@ fg%mua%tée Wrifbe mixas pas ditied wa
extracte vvg@tg LA an h
MySO4 an(cijs re CS§4 Fo one tﬁ??gmﬁgwegﬁ?ﬁﬁ%@%ﬁ?ﬁeddﬁ%ggﬁsgfeélal tlte and
42 concent r acdump ghigmatograpby (GHEE-MeQHJi5T1) trogivg hmg|of theititleicompawns: i ni dat e
(1.83 g, 92% as a yellowoil. 1H NWR (CDC13) [err] 5.35 (s), 6.75-6.90
(m, 7.50 (m, 8.50 (s). 13CNWR (CDCl[err], 62.9 5 Miz) 8 64.1, 91.1,
103.9, 111. 1130-NB (CRGL/M:OH-B8629 MHE) 50.8.61820,26.4162.9960.1,53.3273.8 81.6,

Prepar ati on Iu 1,4:6, 3-di |l act one.
Procedure as?%gei’(}%'geldz r#ﬁ%@’éﬂ% [ ’ %qbgg&%{fs]l)sﬁa wgwﬁUOrobenzyl

trichl oroacetimdate gave (0.97 g, 99% the titled benzylated dil actone as
a white solid. 10 1H NWR (DIVBOd6 250 M—lz) 8 4.75 (t, 4H, J=2.1, 3.3),

5.20 (d, 4H, EX;A(M]H)EZﬁ 9-7.1 (m.

pyridyDbenzyloxy]-3.4-dihydroxyhexanediamide.

15  The same procedure as for Example 22 above but using trimethyl-3-pyridy! tin (47.0 mg,
0.194 mmol) and purified by silica gel column chromatography (CHCl;-MeOH 9:1) gave the

title compound, 15 mg.

13c.NMR (CDClyMeOH-d, 62.9 MHz) § 18.1, 20.0, 31.1, 59.2, 72.4, 73.0, 81.0, 125.1,
20 128.1, 129.7.

EXAMPLE 24

N1.N6-di[(1S)-2-methyl-1-(methylcarbamoyl)propyl]-(2R,3R . 4R,5R)-2.5-di[(4-(3-
nitrophenyDbenzyl)oxyl-3.4-dihydroxyhexanediamide.

25
The product from Example 14C above (200 mg, 0.259 mmol), 3-nitrophenylboracid (216.1
mg, 1.294 mmol), Pd(PPhs)s (15.0 mg, 0.0129 mmol), NaCO; (259 pl, 2M), EtOH (773 pl),
H,O (1288 pl) and dimethoxyethane (3091 pl) were mixed in a reaction tube fitted with
screw caps in an atmosphere of N,. The tube was subjected tto 80 °C overnight. The mixture

30  was diluted with CH,Cl, (50 ml), washed with brine (3 x 20 ml), concentrated and purified



4H), 7.5-7.65 (m 2H). C The benzyl ated dil actone from above (0.1 |g.
0.28 mmol ) and N-nethyl-L-valine 15 (0.22 g, 1.66 mml) were refluxed in
di chl orone §4sedo M) overnight. Concentration and purifi capicasebsocei i ca
gel colum chromat ography (dichl or omet hane-net hanol 9:2) gave the title

di amide (0.042 g, 23%, as a white solid.,13C- NVR (MeOHd4, 62.9 Miz) 8
18.4, 19.7, 26.2, 31.2, 59.9, 66.8, 72.1, 81.4, 104.2, 20 104.6, 104.9,
112.0, 112. 4b ditlda gl codmn dhrorhadgraphytERC ,Mwﬁza.,l o /gveR 06 bith&ridel

N1. N6-di [ (! 2R) % hydr oxy- 2 ngllahﬂygrog ) olgh

| -i ndenyl | -(&Rn}?dﬂn&R 5R) - 2. 5- di (2.4-

di f1 uor obenzvl oxy) - 3, 4- di hydr oxyhexanedi am de. 25 Procedure as described in
Exanpl e 20C but using (IS, 2R)-1-am no-2-indanol (0.16 g, 1.09 mol) gave
the title co und (0.048 g, 25%, as a white solid. 1H NVR (MeOH d4, 62.9
MHz) 8 2.90 NWIDMSOEL@,@M{ZH} 18.4, 19, 264, 30:§, 57.6, €8, (77, 7!9-9,,12949, 4.7
(s, 2H, 54 (d, 2H), 6.8-7.0 (m 4H), 7.2-7.4 (m 8H), 7.45-7.65 (m 6H).
EXAVPLE 29 N[l220 126.8, 128.4, 130.4, 133.1, 137.0, 138.5, 141.4, 148.4, 170.0, 171.1.

N6-dir (1S)-2-net hyl -1- (net hvl car banovl ) propyl | - (2R 3R 4R 5R)-2. 5-di [ 4-(2-
pyri dyl ) benzyl oxyl - 3. 4- di hydr oxyhexanedi am de. 35 43 The product from
Exanpl e 14C above (30 ng, 0.039 mmol ), trinethyl-2-pyridyl tin (47.0 ny,

0. 194 mol), PngPhSéquf (2.25 ng, 0.0010 mmol), DWMF (1 m) and CuO (3.1 ng,
0. 039 mml) ' in a reaction tube fitted with screw caps in an

at nospher e ofN1 \k-dif(1$)-3-HB@y MR kLR DpRpPN-CIFOYRUR SRIDEFdMipti2on for 2 min
at 60 W The mxture was dilute

10 thienyl)benzyloxy}-3.4-dihydroxyhexanediamide.

The product from Example 14C above (100 mg, 0.129 mmol), 2-thiophene boracid (82.8
mg 0.647 mmol), PA(PPh;)4 (7.49 mg, 0.0065 mmol), NaCOs (129 pl, 2M), EtOH (386 pl),
H,0 (644 pl) and dimethoxyethane (1546 pl) were mixed in a reaction tube fitted with

15  screw caps in an atmosphere of N,. The tube was subjected 80 °C overnight. The mixture
was diluted with CHCl; (50 ml), washed with brine (3 x 20 ml), concentrated and purified by
silica gel column chromatography(CHCl;-MeOH 20:1) to give 88.8 mg of th title compound.

13C.NMR (CDCl:/MeOH-d, 62.9 MHz) § 17.0, 18.3, 19.6, 26.0, 29.0, 50.7, 58.3, 72.9, .
20 73.0,814,123.4,125.2,126.2, 128.1, 128.6, 131.9, 134.6, 135.3, 143.5, 170.7, 172.1.
Anal. Found: C, 68.9; H, 6.33; N 7.36.

EXAMPLE 26
25

hydroxyhexanediamide.

A To a stirred solution of the product from Example 10 above (400 mg, 620 mmol) in
CH,CI; (3 ml) at 0 °C under an argon atmosphere was added lutidine (142 pl, 1.22 mmol)

30  and r-butyldimethylsilyl triflate (296 pl, 1.29 mmol). After 4 h, 1M NaOH (0.5 ml) was
added and the mixture was washed with 1M HCI and brine. The organic layer was dried,
concentrated and purified by silica gel column chromatography (CHCl:-MeOH 80:1) to give
the disilylated compound (313 mg, 355 pmol, 57%).



5 wthCcHdA2 (50 mM), washed with brine (3 x 20 m), concentrated and
purified by silica gel colum chronmatography (CH2C r MeCH 15:1) to give 16
ng of the twologgeagpound. 13C NVR (CDCLl3/ MeOH-d4 62.9 MHiz) 8 REI/SBEISADEZY,
26.4, 31.9, 60.1, 72.3, 73.2, 81.6, 122.7, 123.9, 128.3, 129.7, 139.1,
140.1, 150.4, 158.7, 173.7, 174.1. 10 EXAMSPLE 23 N .N6-di[(1
S)- 2-nethyl -1 - (met hvl car bamovl ) prooyl | - (2R 3R 4R 5R) - 2 S5-di[4-(2-
pyridyl ) benzyl oxyl - 3. 4- di hydr oxyhexanedi am de. 15 pro re as
ot Xl o 56 NMBUEDEH Bbrig 25 Ak 563 Ty Pih 712 124 5758 026 3 1965,
mol ) and pujigs §638y138i7, 1988, qabgcpiswm chr omat ogr aphy (CHClB MeOH 9: 1)
gave the title conpound, 15 ng. 13C- NWR (CDC13/ MeOHd4 . 62.9 MHz) [err]
18.1, 20.0, 31.1, 59.2, 72.4, 73.0, 81.0, 125.1, 20 128.1, 129.7. EXAVPLE
24

th d bove (922 1.05 1) in CH,Cl, (21
NL. N6- di 151 SF- 2- g By T oo S R P o Doy P b rony (2 (e SR AR R Gl (4.
3- nit rophenml))mmdejdd)lﬁﬁythmmwldmudd@ﬂlfhiﬁm&&ﬁmmd) The miiN@regwasduct from

Exanpl e 14C ahov i

294 ol ) ARG et el o e o Bcd SRR PBEAEErap I BotdltS  ,
(773 [err]|)EO&D: ()13 §bre[(887 1hd,)0.261 cnmdoln®2%oof et inermeedidO91 [err]l) were
mxed in a reaction tube fitted wth screw caps in an atnosphere of N2. The
tube was subjected tto 80 C overnight. The mixture 30 was diluted with

CHdA 2 (&P m%moms 1yylat -h.3buige7 83256, 205n56)9 78 Q"R 78 2t &€xl7,and.epip4is,i ed

44 by silica umm chr omat ogr a MeOH 20:1) to give 206 of
t he %’me 1 66 158.6, 128.; 1290, 1359, 14%0y$415 1657 195020 1) J o

C To a refluxing solution of the product from step b) above in toluene (84 ml) under
© an argon atmosphere was added, a solution of tributyl tin hydride (0.70 ml, 2.6 mmol) and
15  o,'-azoisobutyronitrile (284 mg, 1.73 mmol) in toluene, over a period of 20 min. After 20 h
additional tributyl tin hydride (0.23 ml) and a,a’-azbisobutyronitrile (71 mg) was added.
After another 4 h the mixture was concentrated, dissolved in toluene and washed with 2.5 M
NaOH and water, dried and concentrated. The residue was purified by silica gel column
chromatography (toluene-EtOAc 3:1) to give (150 mg, 0.17 mmol, 20%).
20

BC NMR (CDCls) 5-4.7, -4.8, 18.0, 25.7, 36.4, 40.5, 40.6, 56.3, 56.4, 69.8, 73.3, 74.0, 74.5,
82.0, 124.5, 124.7, 124.8, 126.9, 127.0, 127.1, 127.7, 127.9, 128.0, 128.2, 128.3, 1284,
128.5, 136.7, 139.7, 141.2, 141.3, 171.3, 173 4.

25 D To a stirred solution of the product from step c) above (150 mg, 0.17 mmol) in

MeOH (6 ml) was added H"-Dowex. After 3 days at ambient temperature the mixture was

filtered, concentrated and purified by silica gel column chromatography (CHCl;-MeOH

20:1), followed by recrystallisation frdm MeOH, to give N1,N6-di[(1S,2R)-2-hydroxy-2,3-

dihydro-1H-1-indenyl]-(2R,3R,5R)-2,5-di(benzyloxy)-3-hydroxyhexanediamide (38 mg,
30 0.060 mmol, 34%). |

3C NMR (CDCl;-MeOH-dg) § 35.9, 39.8, 39.9, 57.2, 57.3, 69.2, 72.5, 72.7, 73.4, 74.0, 7.6,
84.0, 124.1, 124.2, 125.5, 127.2, 128.3, 128.4, 128.5, 128.8, 137.1, 140.2, 140.4, 140.6,
1407, 171.4.

35



conpound. 13C-NWR (DMSO-d6, 62.9 MHz) 8 18.1, 19.2,25.4, 30.5,57.6,
69.8,70.7, 79.5, 120.9, 5 122.0, 126.8, 128.4, 130.4, 133.1, 137.0,

138.5, 141.weodrdsssd, 170.0, 171.1. EXAMPLE 25 N PCT/SE98/00622
.N6-di [ (1S)-2-net hyl - 1- (net hyl car banmoyl ) propyl | - (2R 3R 4R 5R)-2. 5-di [ 4-(2-
10 thienyl)benzyl oxyl - 3. 4-di hydr oxyhexangdi ami de. The product from Exanpl e
14C above (100 ng, 0.129 mmol), 2-thiophene boracid (82.8 ng, 0.647 mol),
Pd(PPh3) 4 (7.49 .. 0.0065 Mol ), NaCO3 (129 ,[err]l, 2M, EtOH (386
[err]l), Hzoﬁﬁéhﬁg{ %11) and di met hoxyet hane (1546 [err]l) were mixed in a
reaction tubﬁl_fg{'lgt R , N 1 m@i‘}m%@ﬂ&r@&g%@ The tube
was subjecte [ure was CHC13 (50
m), washed (RIRA pbenzyloxy3edndihydroxyhaxasedinmidei ed by silica gel
col um ch;onatography(CHClB NbCH 20: 1) to glve 88 8 ng of thtitle
conmpound.” 13C NWR (CDCl[err]/MeOH d4 62.9 MHz) [err] 17.0, 18.3, 19.6,

26.0, 29.0, 50.7,PrepargtjonAd (18,2R61-phtatdnidp-2Cibdahol dP®lid sudolt. 2, 126.2, 128. 1,
128.6, 131.9, 134.6, 135.3, 143.5, 170.7, 172.1. Anal. Found: C, 68.9; H,
6.33; N 7.36. EXAMPLE 26 25 N1. N6-di [ (I S. 2R) - 2- hydr oxy- 2. 3-di hydro- 1H 1
-indenyl | - (2R 3R 5R)-2. 5-di (benzyl oxY) - 3- hydroxyhexanedi am de. A
stirred solution of the product from Exanple 10 above (400 ng, 620
CH2Cl2 (3 mM) at O [err]C under an argon atnosphere was added | .
[err]l, 1.22 mmol) 30 and t-butyldinmethylsilyl triflate (296
mmol ). After 4 h, IMNaOH (0,5 nl) was added and the nlxtq{e
with 1M HO and

p 6. e r nic | ayer was
purified by sili col hronatoﬁraphy 1[err]
the disilyl apgghecoNpound (313 g, 355 , unhym

10 Dry Merrifield resin with a dihydropyran linker (300 mg, 2.1 mmol/g, 0.65 mmol linker)

was swollen in 1,2-dichloroethane (4.2 ml) under an argon atmosphere. Anhydrous PPTS
(300 mg, 1.2 mmol) and (1S,2R)-1-phtalimido-2-indanol (501 mg, 1.8 mmol) were added
and the mixture was heated to 75 °C. After 20 h the mixture was cooled to room temperature
and the solid was rinsed with CH,Cl, (20 ml), THF (10 ml) and dried under vacuum.

15

B Preparation of (1S,2R)-1-amino-2-indanol on solid support.
NH,
o) o)
/@/\(JU
Polymer

Methylamine in ethanol (4.0 ml, 33%) was added to the solid material from the previous
20 step and stirred for 16 h. The resultirig solid was rinsed with CH,Cl, (10 mi), THF (10 ml),
MeOH (10 ml) and CHCI; (10 ml) and dried under a vacuum.

C Preparation of N1-(2,5-di-O-(2-fluorobenzyl))-1,4-mannolactone-6-amide-N6-
[(1S,2R)-2-hydroxy-2,3-dihydro-1H-1-indenyl] on solid support.



15

45 [er]3C NWR (CDC13) [err] -4.8, 17.9, 25.7, 40.6, 56.3, 71.1, 74.0, 77.2
124.5, 124.8, 126.9, 127.9, 128.2, 128.5, 136.7, 139.8, 140.9, 176.2. 5 B
To a sol ut wayofisssdre product fromstep a) above (922 ng, 1.05PCwWISEIS/00622
CH2Cl 2 (21 mM) was added NN-thi ocarbonyl dii m dazole (598 ng, 3.36 mmol)
The m xture was refluxed for 22 h, concepyrated and purified by silica gel
col um chromat ogr aphy (toluene- EtOAc 3:1) to give (8 ng, - 0. 961 mol ,
9299 of the internediate 10 [err]C NWMR (CDCL3) [ -4.8, -4.9, 17.8
25.6, 40.5, 56.9, 74.3, 752 78. 2, : : 126.6, 128.6
128.8, 129.0, 135.6, &, Xi ng
solution of the prod tofuene (84 r an
argon at nosphere was”s } 0 tioHhydri d 70 m
2.6 mml) and 15poWmeerr].[err]’ -azoi sobU|tr|Ie (284 nyg, 73 mmol) in
t ol uene, over a period of 20 mn. After /28 additj onaIFtrllﬁJtyI tin
hydride (0.23 m) and [err],[err]-azoi ron| (71 ngy) was added.
After another 4 h the mxture was conceMirZ ed, ol ved in toluene and
washed with 2.5 M NaO—I and water, dried and conce ated. The residue was
purified by silig col u chromato ra t.ol yene: Et QAc 3: t QY
(150 ngy, 0. drespifm 'Qﬁ%fm“? f%‘%ﬁ/ﬁﬂ%ﬁ:ﬁ IE' L?‘dlc ?W?e‘-a&?g‘}-g @ g4
36.4, 40.5, Mut@s urﬁﬁrﬁl ar§5h z(’cmoﬁﬁel% 2 33)13)-(ﬂﬂu&obe71§ylﬁbrﬁa2mﬂ1c-ﬂ,2~6 P, 124.7,
124.8, 126. 127 127. 128.0,. 128. 128. 3, 128.4,
128.5, 136. #ﬂaqtsv (’ﬁ’xa@alf IQB) ¢93 H§= 125 EH@D gdd s34 the pjetine wepbkegt 830 Ce
sol utionsof hes PHaekeGE wisramawsa RI%06) ardRN& iHPOHIT, (10-rdIY at O, i(To AMBCH (6
m ) was added H+-Dowex. After 3 days at ambient tenperature the m xture was
filtered, concentrated and purified by silica gel columm chromatography
(CHCl[err]3 OH . b L&Al _dive
NI, N6- di [ (1 @ 2R) - ﬂg%ydurog )??Nl C{gﬁdzﬁi-\rz Kyardxy S, Alithl &8 Lidde AY-NE Bchibo-€
di hydro- | H ﬂuombewylﬂ]}(:l{im W&R}Zﬁzdi@enﬁﬂmhﬁ#f@w‘)oxthnﬂdwwﬂ@wamd| am de
(38 ng, 30 gpogpo nmol , 34% [err] C NMR (CDC13- MeOH- d6)
39.9, 57.2, B 69.2 72,5 72.7, 73.4, 74.0, 77.6

8 35.9, 39.8

“Ugw ¢

The solid material from the previous step was swollen in CH;CN (4.5 ml) for 40 m under an
CHCI; (10 ml)

argon atmosphere. 2-Chloro-6-fluorobenzylamine (249 mg, 1.56 mmol) was added and the
E

mixture was kept at 50 °C for 16 h before it was cooled and rinsed with CH,Cl, (10 ml) and

Preparation of N1-[(1S,2R)-2-hydroxy-2,3-dihydro-1H-1-indenyl]-N6-(2-chloro-6-
fluorobenzyl)-(2R,3R,4R,5R,)-2,5-di(2-fluorobenzyloxy)-3,4-dihydroxyhexanediamide




84.0, 124.1, 124.2, 125.5, 127.2, 128.3, 128.4, 128.5, 128.8, 137.1, 140.2,

140. 4, 140.6, 140.7, 171.4. 35 46 EXAVPLE 27

N1[ - 1S. 2R) g¢ %g,ggage;y- 2. 3-di hydro-| H 1-i ndenyl | - N6- ( 2- chl or o- Gedsivsaberzy! )

- (2R 3R 4R 5R. . 5-di (2-fl uorobenzyl oxy) - 3. 4-di hydr oxyhexanedi am de. 5 A

Preparation of (1S, 2R)-1-phtalim do-2-i nggnol on solid support. 10 Dry

Merrifield resin wth a di hydropyran |inker 00 ng, 2.1 mmol /g, 0.65 mmol

linker) was swollen in 1, 2-dichl oroet hane (¢ ) under an argon

at nosphere. Anhydrous PPTS (300 ng, 1.2 mu pd

(1S, 2R) -1 -phtalimdo-2-indasel (501 ng, I8 mMydl) were added and the

m xture was heated to 75 ter 20 h the mjxturge cooled to room

tenperature and the solid \\& rinssd Wg h GZC 2 (20 THF (10 nm) and
repa atian of §(IS, R)

dri ed under vacuum 15 B no- 2-i ndanol on
solid support. NH2 O 04p gt (4.0 m, 33% was

added to the solid material_onll\'the revEous step c?nd stirred for 16
h. The resulting solid wasHOi nsed wi tth CH2] 20(10 rﬂ) HF (10 m ), MOH
(10 M) and CHCI 3 (10 m) and dried undpr a vacuum Preparation of

Nl -(2,5-di-0-(2-fluorobenzyl))-1, 4- manpk| actFone- 6- am de N6-
[ (IS, 2R) - 2- hydr oxy-2, 3-di hydro-| H 1-i @ ] on solid support.

2.3 M HCl in methanol (8.5 ml) was added to the solid material from the previous step.
After 4 h in an atmosphere of argon the solid was rinsed with CH,Cl; (20 ml) and MeOH
(20 ml). The combined organic layers were collected and combined and diluted with CHCl;

5 (20 ml) and washed with sat. Aqueous NaHCO; (2 x 30 ml). The combined aqueous layers
was extracted with CHCl; (2 x 40 ml). The combined organic layer was concentrated and
purified with silica gel chromatography (CHCl:-MeOH 40:1) to give the title compound (68
mg, 23 % yield based on the loading).

10 "CNMR (CDCl;) 5 34.3,34.3, 39.2, 57.8, 67.4, 68.2, 71.3, 71.5, 72.4, 72.5, 79.8, 80.9, 114-
140, 159.1, 159.2, 159.7, 162.8, 162.9, 163.4, 171.2, 172.1.

15

pyridylmethylicarbamoyl)propyll-(2R.3R 4R 5R,)-2.5-di(benzyloxy)-3.4-
dihydroxyhexanediamide.

A Preparation of N1-(2,5-di-O-benzyl)-1,4-mannolactone-6-amide-N6-[tertbutyl valine
20  ester]. Tertbutyl valine ester (0.4 g) and the product from Example 1B in CH,Cl, (50 ml)
was kept at 4 °C for 16 h. Concentration and purification by silica gel column

chromatography (EtOAc-hexane 1:2) gave (120 mg).

B Preparation of N1-[(18,2R)-2-hydroxy-2,3-dihydro-1H-1-indenyl]-N6-{tertbutyl
25  valin ester]-(2R,3R,4R,5R,)-2,5-di(benzyloxy)-3,4-dihydroxyhexanediamide. (1S,2R)-1-



25 The solid material fromthe previous step was swollen in

1, 2-dichl oroethane (4.5 nm) for 40 m nutes under an argon atnosphere.

2,5-Di - O (Avblogasxabenzyl ) - L- mannaric- 1, 4: 6, 3- di |l act one ( ExanpPC&/SEQ®)062%502
ng, 1.29 mmol) was added and the mi xture was kept at 50 [err]C 5 for 16 h
before it was allowed to cool and rinsed4eith CH2C12 (10 nml) and CHC13 (10
i )d D - Ng&f[i?wﬁilhmam% atdled [t 4 Solatin-of tHe)bdus/fraim 3béhe i THICl, Hod left for 16

-i ndeny chl or.o-

f | uor obenzy| - Qeprentptiorand silica gelsokymn chrompatography SBRAR-brans, kpheaa AL B8 de
on solid support. F 10 The solid material fromthe previous step was

swol len in CH3CN (4.5 nl) for 40 munder an argon atno ’&&5’
2- Chl or o- 6- f Cuor oBwepargtionraf M-[(B82R)Aghydronye2 iy yronkiL 1ipReal ¥ Ivaliee a¢idlt ur e

was kept at 1 qr rl;r&ﬁ,@ CH2C12
(10 m) d @éﬁ‘??f’ ?10d‘érﬁ@ 16453 3t '&gﬁﬁgﬂ'ﬁﬁdﬁl%e fusb b
N1-[ (1S, 2R) - fromypbevswas 3ulge 96‘1‘0’@ mllnuzedmnwc}ncmgnem dryinggn a vacuum

fl uorobenzyl% gm 4R, 5R, ) -2, 5-di (2-fl uor obenzyl oxy) - 3, 4- di hydr oxyhexaned
i am de. ¢t in rrethanol (8:5 M) was added to the solid materi al
fromthe previous step. After 4 h in an atnosphere of argon the solid was

rinsed with 2C 20.m

were col |l ected angr g Jé&’eqﬂli Cainpﬁ{réd'r%ﬁr%fgmgbéovf Q’beﬁgéﬂ ang? %@hed

with satig Ag mmxyﬂaﬂa%zélz h¥drd@ (M 1), 2Tdsin6aethy1pAtHin20 b ahd ¥ BF S
dicyclohexylcarbodiimide (35 mg). After 1 h the mixture was directly purified by silica gel

column chrorﬁatography (EtOAc-MeOH 9:1) gave (38 mg).

EXAMPLE 29
15

\___/ o) QH o) 9]
: H N
O 0 OH AN

The P1 and P1’ filling groups of the para-bromo analogue of the compound of Example 7
were extended as depicted above. Styrene (12.1 mg, 0.1165 mmol) and a little THF were



was extracted with CHCI3 (2 x 40 ml). The conbi ned organic | ayer was
concentrated and purified with silica gel chromatography (CHCl 3- MeCH 40: 1)
to give thgydbikhfzgomound (68 ng, 23 %yield based on the | quei/Sehs/godd
"3C NWR (CDCI3) [err] 34.3, 34.3, 39.2, 57.8, 67.4, 68.2, 71.3, 71.5, 72.4,
72.5, 79.8, 80.9, 114- 140, 159.71, 159.2,5159.7, 162.8, 162.9, 163.4,

|1_7 |1 A (21 - ; |7 |2 : k od & &e%lgﬁ?dﬂ?%ssel Mdef ﬁlhoénaﬁ)m%cgﬁﬁﬂ{ QYBN was Jaday QfaaneEhon

pyri dyl met hywmdenagitation (The mpgpre V(aa Falwdzwzcme JorRom-tefnpanette\and styryedFord

dlhydroxyhe
N1- (2, 5-di- enzyﬂ’gﬁumwﬁo act dhf’e&:%x‘_@g %%goﬁ%ly[[? s bet7 30v13 |0n%0220
ester]. Ter tinmo})| KaCOsi (Rb4Zmged.130mzhol) andiPA(PP (370 002 nﬁmamnﬂxal“lpMF welte i n

CH2Al 2 (50 ni s. kept at 0C for 16 .h entr 0pan uri ation by
silica g% cﬁdﬁ*ﬁ"d@ﬁf’%ﬁﬁ?”o@égﬁ%ﬂ? 9&%@?& )%ﬁg g AS &
EF e pgr at : i)n N%ié Ex{ﬂktu{eésli&eﬂ With3-» Bﬂiﬁl])ﬁhe?dr?ed(ﬁlb WHp@ratéHHnder vacuum overnight. The

i ndeny tert
ester]-(2R 3?‘?°H‘Rd%*9t§ C&HS(PBE y{,lyy&%aggl hremaosraRy hexanedi ani de.
(1S, 2R)-1- 49 amino- 2-indanol vas added to a sol ution of the pr oduct
from above iﬁgCHZCI 2 and left for 16 h. Concentration and silica gel col um

chr omat ograp' M@Echb§é7?e5 1792, Yade 14183 334) 1288, 12 dRB4i 6. WB2.M - [ ( (
S, 2R) - 2- 3 I yl]-N6-[lvaline acid]- 5

(2R 3R 4 f%%(ggg ?fj% ‘benzy Z)x%g igbn%%lydr oxyhexanedi am de. The product
(120 ny) from above was subjected to TEA (5 m) in 20 mni. Concentration

and drying 'E'X%Mﬁ gave (96 nmg). D Preparation of the title
conpound. To the product from above in CH2C12 was added 1 O

1- hydr oxybenzotri azol e hydrate (14 td), 2- am/'n:g'mat hyl pyri dine (20 ng) and
1, 3- [ /N

s” SN

\—/

15  Tributyl-2-thiazolyl tin (72.6 mg, 0.19 mmol), Pd(PPh;), (2.25 mg, 0.002 mmol), the
brominated analogue of Example 7 (30 mg, 0.034 mmol) Ag,0 (9.0 mg, 0.04 mmol) in 1 ml
DMF were added to a microtube and microwaved for 2 minutes at 60 W. 50 ml chloroform
was added and the mixture washed with 3 x 20 ml brine. The organic phase was dried and
evaporated ot yield the title compound.

20

CNMR (CDCly) 5 173.3, 172.7, 144.0, 140.4, 133.8, 129.4, 127.5, 120.4, 81.2, 72.8, 72.2,
59.3,31.1, 26.5, 19.9, 18.1.



di cycl'ohexyl carbodiimde (35 ng). After 1 h the mxture was directly
purified by silica gel colum chronmatography (EtQAc-Me(H 9: 1) gave (3 8
mg) . EXAMPlfo3§4d530 The P1 and P1' filling groups of the para-grmsEssaoed2ogue
of the compound of Exanple 7 were extended as depicted above. Styrene (1
2.1 mg, 0. 1165 mmnol) and a little THF wgre added to a dessicated
vessel under nitrogen on an ice bath. 9-BBN was added via injection under
agitation. The m xture was allowed to come to roomtenperature and stirred
for 4 hours. EXAMBLER nated i ntermediate, prepared anal ogously to exanpl e
7, (30 ny, 0.002 mml), K2CA3 (21.45 ng, O. 1550rmnd))\and Pd( PPh3)
(2.70,0.002 mol) in1 mM DWW were 5 added un™®r nrtrogen and heat ed
overnight at 50[err]C. Around 50 ml chloroformi$ added and the m xture
shaken with 3 x 30 ml brine, dried and evaporap€d under vacuum overni ght.
The above depicted product is purified by silig¢a gel chromatography. 13C
NVR (CDC13) [err] 172.5, 170.2, 142.4, 141.4.6, 128.9, 128.3, 128.1,

l/ H .

0

126.0, 82.0, 10 73.6, 73.3, 58.3, 37.5, 28. 9, 19.7, 16.8. 15
Tributyl-2-thiazolyl tin (72.6 ng, 0.19 mol (PPh3)4 (2.25 ng, 0.002
mol ), the brom nated anal ogue of Exanple 7 (3Q ng, 0.034 mmol) Ag20 (9.0
ng, 0.04 mml) in 1 mM DWW re dedtoam nd m crowaved for 2
m nutes at 60 W 50 m chloro xture washed with 3 x
20 M brine. The organlcpasezwas gt yield the title
corrpound 20 [err]C NVR {Ip 140. 4, 133.8,

5 A mixture of the brominated analogue of Example 7, (38.6 mg, 0.05 mmol), methyl acrylate
(21.5 mg, 0.25 mmol), diisopropyl ethylamine (25.8 mg, 0.2 mmol), Pd(OAc), (1.12 mg,
0.05 mmol), (o-tol);P (3.65 mg, 0.012 mmol) and water (0.15 ml) in DMF (0.85 ml) was
degassed under a nitrogen flow for 10 minutes. The reaction mixture was stirred and heated
to 100°C for 48 hours. The reaction mixture was allowed to cool and poured into saturated

10 acqueous sodium chloride solution (10 ml). The aqueous layer was extracted with

dichloromethane (3 x 10 ml) and the combined organic phases were washed with saturated
aqueous sodium chloride solution (3 x 5 ml), dried over MgSQ,, filtered and concentrated at
reduced pressure. The residue was purified on a silica gel column to give the above depicted
product (27 mg, 69%).

15



5 A m xture of the brom nated anal ogue of Exanple 7, (38.6 ng, 0.05
mml), met hyl acrylate (21.5 ng, 0.25 mmol), diisopropyl ethylamne (25.8
ng, 0.2 r’rmu,%,gsﬁ $Ac)2 (1.12 ng, 0.05 mnol), (o-tol)3P (3. GRc¥EEesfboérd?

mol ) and wa .15 M) in DM (0.85 mM) was degassed under a nitrogen
flow for 10 ninutes. The reaction mxtureiwas stirred and heated to 1000C
for 48 hoursis e i,nt o
saturated 10 kaégguas35§25%)%r7§ﬁr %ﬁeleto’lol\ﬁ(l)y)% %825 @%Tﬁgyg?ég&us | ayer
was extracted1889, tsn SOVERITG207eT,1vaWe 71.8, 54.8,@9.] 49.4 A8. 1) 48:8,d815D2NR.R5S, 494) C
phases were $hed W th saturated aqueous sodi um chloride solution (3 x 5
m), dried over- MpSH4, filtered and concentrated at reduced pressure. The
resi due was purified on a silica gel colum to give the above depicted

pr oduct (27 %@ 52 [err]C NVR (CDC13) 8 171.7, 171.6, 171.5,
167.7, 3734 3, 131.7, 129.6, 128.4, 118.0, 80.5,77.7,77.2,76.7,
72. 4, 71 8 '51.8, 49.7, 49.4,49.1,48.8,48.5, 29.8,025.9, 19.4, 17.3. 5
EXAMPLE 32 Repeati ng the reaction conditions ¢gxanple 31 with

2- et hoxy- 3-keto- 1 -cycl ohexadi ene, gave a ) e of conpounds whi ch
separated by 7% MeOH i n di chl oronet hane 10 plate) to yield 66
nmg of the crude product depicted above. 13C NWR (CDC13) [err] 171.5, 137.3,
137.0, 128.5, 128.2, 128.0, 127.4, 80.5, 77. .2, 77.0, 76.5, 72.4,71.8,
67.9, 58.0, 50.0,49.7, 49.3,-49.0,48.7,48. 4, 38.7, 30.6, 29.5, 25.6,
22.3, 19.3, 17.1, 15.1

N~ o oH © o
H : \/”\
/N R N v N/
Yo : .
o 0o OH O /’\

Repeating the reaction conditions of example 31 with 2-ethoxy-3-keto-1-cyclohexadiene,
gave a mixture of compounds which separated by 7% MeOH in dichloromethane

10 (preparative plate) to yield 66 mg of the crude product depicted above.

">C NMR (CDCl) § 171.5, 137.3, 137.0, 128.5, 128.2, 128.0, 127.4, 80.5, 77.5, 77.2, 77.0,
76.5,72.4,71.8, 67.9, 58.0, 50.0, 49.7, 49.3,49.0, 48.7, 48.4, 48.1, 38.7, 30.6, 29.5, 25.6,
22.3,19.3,17.1, 15.1

15



15 EXAMPLE 33 To a solution of the conpound of exanple 32 (18 ng, 0.02
mml) in CH2C12 was added 1- 5 N-boron tribromde (0.1 nl) dropw se over
5 m nut es awo98As3zbhe reaction mxture was stirred at this tePCIrSE98/Pas22 or
30 min and the n kept in a refrigerator for 2 hours at - 121C. the reaction
m xture was poured into sat. aqueous NaClszsolution (5 m), extracted with
di chl oronethane (3 x 5 mM) and the conbi ne organic |ayers washed with sat.
aqueous NaC EX®MPLBEA3(2 x 5 m), dried over MgSO4, filtered and
concentrated at reduced pressure. The 10 residye s purified on a silica
gel colum to give a crude preparation of the ove depicted structure,
(9.8 ny, 58%. [err]C NWR (CDC13) [err] 171.% .5, 128.4, 127.9, 127.6,
80.3, 77.5, 76.5, 72.4,71.8, 58.0, 49.9, 49.6, 9. PH48.6, 48.3, 48.0,
35.7,29.5, 28.6, 25.7, 22.4, 19.3, 17.1 15 Hi ol ogi cal Exanpl e |
Represent ati ve conpounds were tested for H V g#otgase activity in a
spectrophotonetric enzyne assay using the chrlonodeni ¢ substrate _

Hi s-Lys- Al a- Arg-Val - Leu-p-nitro-Phe-d u- 5. Nl e- Ser-am de and purified
H V proteinase. The rate of cleavage is foll owef by continuously

regi stering the change in absqbance at 300 The 1 G§0 representing the
conpound concentration which inHi bits E&he per f or mange by 50%i s
cal cul ated fromthe dose_L§$pon'e culve. Adoweher N fpdunds of the
invention are so extrenely dggfﬁEWi atYaf fidityllconsg ant§ (K1) are idicated

to provide a nore effective npari songbet vgrgn O /}\\

To a solution of the compound of example 32 (18 mg, 0.02 mmol) in CH,Cl, was added 1-

5  N-boron tribromide (0.1 ml) dropwise over 5 minutes at -78°. The reaction mixture was
stirred at this temperature for 30 min and the n kept in a refrigerator for 2 hours at -12°C. the
reaction mixture was poured into sat. aqueous NaCl solution (5 ml), extracted with
dichloromethane (3 x 5 ml) and the combine organic layers washed with sat. aqueous NaCl
solution (2 x 5 ml), dried over MgSQ,, filtered and concentrated at reduced pressure. The

10 residue was purified on a silica gel column to give a crude preparation of the above depicted

structure, (9.8 mg, 58%).

*C NMR (CDCL) 5 171.5, 136.5, 128.4, 127.9, 127.6, 80.3, 77.5, 76.5, 72.4, 71.8, 58.0,
49.9, 49.6, 49.3, 48.6, 48.3, 48.0, 35.7, 29.5, 28.6, 25.7, 22.4, 19.3, 17.1

15



10 conpounds. Conpounds are also tested for H 'V protease activity in cell
culture. M4 cells grown in RPM 1640 cell culture nmediumincluding 10 %
fetal calf wwenbgmadse infected with 10 TCID H V-1 per 2 x 105 peaissevedz
cultured for 6 days. XIT is added and the anount of XTT 15 fornmazan
produced in the following 6 hours represepts the nunmber of surviving cells.
Results are expressed as the ED50, that is the concentration in gg/m of

t he conpoundB@flodida®Ekdtiysieti on whi ch suppresses viral replication by 50%
Antiviral activities for representative conpounds of the invention are
shown in Table 1. 20 TABLE 1 IC50 PM (K1 pM ED50 ,ugm Exanple 1

0. 015 0.5 Exanple 3 0. 004 0.5 Exanmple 4
(0.009) Representative ¢ompephds wWere tested for HIV peot&B@&tivity in a spectropbotbmatrisl € 8
(0.0034) 6 Exanple 9 (0. 0035) 0.4 Exanple 10
(0.0016) enzyme assay) ugjgg the clggmvmq;uhst@@q{-hs—Lys-A@a(AE‘ggValj-Ip@x-p—mtro—Phe-Glu-
EClerr] Exanple 11 Exanple 12

(0. 00013)3 Ala-Nle-Ser-gmige apd a“sbqieél HIY proteinase. Te 1@@@@ pleavage is followeddy2 Exanpl e
14 0067 0. 04 Exanpl e 15 0. 0012

0. 03 ( Ocoqmnum?sly registering the change in abg?bance at 300 nm. The( ICso repre)sentmg the

compound concentration which inhibits enzyme performance by S0% is calculated from the
dose response curve. However, the compounds of the invention are so extremely active that
" affinity constants (K;) are idicated to provide a more effective comparison between

10  compounds.

Compounds are also tested for HIV protease activity in cell culture. MT4 cells grown in
RPMI 1640 ‘cell culture medium including 10 % fetal calf serum are infected with 10 TCID
HIV-1 per 2 x 10° cells and cultured for 6 days. XTT is added and the amount of XTT

15  formazan produced in the following 6 hours represents the number of surviving cells.
Results are expressed as the EDsy, that is the concentration in pg/ml of the compound of the

invention which suppresses viral replication by 50%.

Antiviral activities for representative compounds of the invention are shown in Table 1.

20 TABLE1
ICso MM (K; pM) EDsp pg/ml

Example 1 0.015 0.5
Example 3 0.004 0.5
Example 4 (0.009) 1

Example 7 (0.0023) 5

Example 8 (0.0034) 6

Example 9 (0.0035) 0.4
Example 10 (0.0016) 0.05




(d. 602)

Exanpl e 16 (0.0023) 1 anple 17
0.8 Exanple 18 (0. 050) 0.5 Exanple 19 (0. 0005)
0. 8 Exanpl ewB®8/45330 (0.0001) 0.9 Exanple 21 PCT/SERS006223)
0.1 Exanple 22 (0.00061) 0.4 Example 23 (0.0019)
2 Exanple 24 (0.0014) . 0.8 Exanpl e 25 (0.00017)
0. 02 Exanpl ¢ 26 (000097) 0. 8 Exanple 27 (0.0014)
0. 8 Exanpl e{ IFABLE 1 Cont. ND | (K; uM) 0EZsFxampl e 31 (0. 00009)
0.3 Exanpl e}32 (0.9003) 0.2 Exanple 33 (0. 0005)
0.2 56 Al Ezmdplallare i nd®@8d2lently the €2re or differg¢nt group of the
formula Il: jwherein: Pis 4n optionally substituted, non¢ or bicyclic
carbo- or h¢EsamplgdRe; R' i|€0.00013hy of t heOdf¥ddechains fofnd in the natural
am no aci ds} carboxacetam ¢ge, or a group 15 (CH2)[err]DP; Mis a bond or
(=0 N(R'' | Bxampled3absent | QOMRY, - CH( OHP2 or - CH2-

Example 14 (0.00067) 0.04

Example 15 (0.0012) 0.03

Example 16 (0.0023) 1

Example 17 (0.002) 0.8

Example 18 (0.050) 0.5

Example 19 (0.0005) 0.8

Example 20 (0.0001) 0.9

Example 21 (0.00038) 0.1

Example 22 (0.00061) 04

Example 23 (0.0019) 2

Example 24 (0.0014) 04

Example 25 (0.00017) 0.02

Example 26 (0.00097) 0.8

Example 27 (0.0014) 0.8

Example 28 ND 02

Example 31 (0.00009) 03

Example 32 (0.0003) 0.2

Example 33 (0.0005) 0.2




or R" together with Q, Mand R define an optionally substituted 5 or 6
menbered carbo- or heterocyclic ring which is optionally fused with a .
further 5 oo $8/438300€ered carbo- or 20 het erocyclic ring;, w tACIVSES8/006221 SO
that R is -[err] or -DP, if Mis a bond and Qis absent; X is H OH OCH3;
Yis H OH OCH3, but X and Y are not bosé H, Z' and Z" are-independently
-(CH2) P where P is as defined above; 25 n and mare ind

2; and phar nElcAIMS cal | y acceptabl e salts and prodrugs theramm

( ﬂ Iy 0.1 or
A conpound according to claim11, wherein A' and/or A" are a+*gr mu’!]yiw’tz”‘w”"l

formula Ila: nis O 1 or 2; R is nmethyl or nethyloxy; and R' is hydrogen,
met hyl . et hyl., i séypemopgund ofthe fsmleylt such as cycl opropyl, cyclobutyl or
cycl ohexyl, cycl oal kenyl, benzyl, carboxacetam de or 4-im dazolylnethy or a
side chain 10 found in the natural am no acids. 3. A compound accordi ng
toclaim2 whereinnis 0 and R is nethyl. 4.2 A conpound according to
claim1l1, wherein A" and/or A" are a gro opthe.formjla 15 11 b: wherein R
is as defined inclaim2 and R*' is Afret hyl . 20

|
Al
/O v @)

wherein:
A’ and A” are independently the same or different group of the formula IX:
R .
_ NY Q__ M _~R
R* I

wherein:
10 R’ is H, CHs, C(CHs),, -OR’, -N(R"),, -N(R")OR® or -DP
R’ is H or CHj; R is H, C\-C; alkyl;
D is a bond, C,.; alkylene, -C(=0)-, -S(0)- or -S(0),- ;
P is an optionally substituted, mono or bicyclic carbo- or heterocycle;
R” is H, any of the sidechains found in the natural amino acids, carboxacetamide, or a group
15 (CHy).DP;
M is a bond or -C(=O0)N(R’")-;
Q is absent, a bond, -CH(OH)- or -CH,-;
or R” together with Q , M and R’ define an optionally substituted 5 or 6 membered carbo- or
heterocyclic ring which is optionally fused with a further 5 or 6 membered carbo- or
20  heterocyclic ring;
with the proviso that R’ is -OR?, -N(R"),, -N(R)OR® or -DP, if M is a bond and Q is absent;
X is H, OH, OCH;;
Y is H, OH, OCHs;, but X and Y are not both H;
Z’ and Z” are independently -(CH2),P where P is as defined above;
25  nand m are independently 0,1 or 2; |

and pharmaceutically acceptable salts and prodrugs thereof.
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PCT/ SE98/ O0BQ98/8B30R i s an* opti dnal'l ySsubstituted carbo- or hBEBSESNN62%
group; and R' and R'" are as defined in claim2. 5 6. A conpound
according to claim3, 4 or 5 wherein R' i¥ the side chain of |eucine,

i sol euci ne, 2spar Agompound actordingdo clinpt,ovhiersin A andiersA” ye afgeouptuif phefatmule. 7.
A conpound aﬁ%Prding to claim1, wherein A and/or A" are a group of the
formula I'l:"R'" is Hor CH3, Rerr]is H NRerr], C(=OR3, CR3R4 or a
nonocyclic, optionally substiﬂaﬁﬁ%, bo- or heterocycle; R2is OH or
together wwth R is =0, or i} £$§fﬁﬁ, then R may be H, 15 R3is H
hal o, Cerr] alkyl, ORerr], N ,erﬁ]; RA&*is H Cerr] alkyl; RS is Hor a
pharmaceutically acceptable ester; R6 is OH NH2, carbanpoyl or carboxy; R7
is hydrogen, C,-C4 straight or branched al kyl or together with the adjacent

carbon atons 20 forms a fused phenyl orggyri m dine; 8. A conpound
according to claim8, wherein the noiety of fornula Il has the structure:
OH 5  wherein OH or 25

nis0, 1or2;

R’ is methyl or methyloxy; and
R” is hydrogen, methyl, ethyl, isopropyl, cycloalkyl such as cyclopropyl, cyclobutyl or
cyclohexyl, cycloalkenyl, benzyl, carboxacetamide or 4-imidazolylmethy or a side chain

10  found in the natural amino acids.

3. A compound according to claim 2 wherein n is 0 and R’ is methyl.
4. A compound according to claim 1, wherein A’ and/or A” are a group of the formula
15 IIb:
I m OH H
N N.
" CH,
_Rll O
I1b
wherein

R” is as defined in claim 2 and
R’” is hydrogen or methyl.
20
5. A compound according to claim 1, wherein A’ and/or A” are a group of the formula
Ic:



59 9. A conpound according to claim1, wherein both A and A" are

i dentical. 10. A conpound according to claiml1, wherein Z° and /or Z" is
benzyl unsupebiisszed or substituted with one to three substitrersEssesect ed
from hal o, nethoxy, hydroxy, am no, cyano, hydroxynethyl, am nonethyl,

mor phol i net hoxy, al kyl sul fonyl, carbanoylsg benzyl oxy 5 phenyl (itself

substituted ahe®if i ned herein) or a 5 or 6 nmenbered heteroc

one or two h t,erg nglzfuch |ophene, pyri m di ne, ﬂmmmﬂulnmlllﬂllll

N- pi peri di ne,¥'R@ %?adtp&"" hyl - N- pi per azi ne, N-pyrrol i dénel ™

N-pyrroliding ans obh&:ahyk@sn@wcnmal doheferdi§tlici gibgflamp defined herein. 10

11. A corrpound agcordl ng to claim10 wherein Z'" and/or Z" is benzyl,
H

2-fl uorobenz?‘f clam2, i 1| uor obenzyl, 4-fluorobenzyl,

4- br onobenzyl , 4 phenylbenzyl 4- thi ophenyl benzyl,
4-(4'-nitropheny|)benzy|, 4-thieny|benzy|, 4-thiazo|y|benzy| or 4-
(pyridyl)densyl . Axompdund aclordingl®eliich 3R SHHagid R” Blthd sidelchaitfv®ledkbine,Y 1S H
and/or X is OH 13. A conpound accoridng to claim1l, having the 2R 3R,
4R, SR conf i ipuleating aspatagine, histidiheaor peoline andombst prefgraisdy valine. conpri si ng a
conpound as defined in any preceding 20 claimand a pharmaceutically
acceptable carrier or diluent therefor. 15. A nethod for inhibiting the
replication & H ¥ comppuidsiceerdingtd ¢laigt b whatpiresy' @idfor &(’iavea grupoft theformula
conmpound as defined in any one of clains | to 13 to a subject afflicted
with said coBlition. 25 16. A net hod for the preparation of a conpound of
the formula | where X, Y, Z' and Z"R-ara A5 Rlefined in claim| and each of

A and A" are independently: a group\,Q e fggmula Il or a conventi onal
protease P-21P-2' filling group,
o R 1
10 where

R is H or CH;,

R' is H, NR*R*, C(=0)R?, CRR* or 2 monocyclic, optionally substituted, carbo- or
heterocycle;
R%is OH, or together with R' is =0, or if R is NR*R®, then R? may be H;
15 R%is H, halo, C,-C; alkyl, OR®, NR'R%,
R*is H, C,-C; alkyl;
R’ is H or a pharmaceutically acceptable ester;
R® is OH, NH,, carbamoyl or carboxy; _
R’ is hydrogen, C;-C, straight or branched alkyl or together with the adjacent carbon atoms

20  forms a fused phenyl or pyrimidine;

8. A compound according to claim 8, wherein the moiety of formula III has the

structure:

11fe}
ha ot
1 O
X

N W

or

25
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L-mannaric-1,4:6,3-di -1 Z' and Z" groups, 'i(ig
openi ng of WRE3330 one with tsimil &r ®r different prinary or s%gg%ﬁéf( 622
amnes to formthe respective A and A" (g;)raoups; and iii) optional
conversion of the C-3 and CA to the appropriate X and Y" groups. 5 17.
A conpound of t heArSrpAYNY aceprdifg fo-claim gr‘iﬂ“”?’“ bath Aj andidt preddentigale| aji m 1,

with the proviso that the conpound is not 2,5-

di - 0- D- gl ui comyr anasmpoiindigtorfing tolaifmor, hertirSzZ 3md i/érek>ti9 Bénz¥Dunsubistuted o
conmpound as defined in claim17, having the stereochem stry: 19. A
conmpound ac csubstitmgd withonatothreg substiments selettedefroin Hilo,anehe@dchydroie patndent | y 15
benzyl, 2-fluorobenzyl, 2-nmethylbenzyl, 2,4-difluorobenzyl. 4-fluorobenzyl,
4- . br onnpbeeyapd, hydropjmeethylbaningmethyl; nbiphplrethoikjpeticydulfonyl, carbamoyl, benzyloxy
4-(4'-nit rophenylg benle . 4- thienyl benzyl, 4-thiazolylbenzyl or

4- Cpyr i dyd ) behenyl (itsebisubstityted anAsfnedchesein)onr diSry Gtmembem% eferoayhlgcentainingt h 7'
and Z" are identical. 20 5 A and A" are independently the sane or

di fferent gr@RePrévo heteromipmmspeh as|thioplieae,gyrimidine, Nsmprphpline; N-piperidig; N-j s H

orferr] piperazine, N’-methyl-N-piperazine, N-pyrrolidone, N-pyrrolidine and the like, optionally

substituted as defined herein.

10 11. A compound according to claim 10 wherein Z” and/or Z” is benzyl, 2-fluorobenzyl,
2-methylbenzyl, 2,4-diflucrobenzyl, 4-flucrobenzyl, 4-bromobenzyl, 4-phenylbenzyl, 4-
thiophenylbenzyl, 4-(4’-nitrophenyl)benzyl, 4-thienylbenzyl, 4-thiazolylbenzyl or 4-
(pfridyl)benzyl.

15 12 A compound according to claim 1, wherein Y is H and/or X is OH.
13. A compound accoridng to claim 1, having the 2R, 3R, 4R, 5R configuration.

14, A pharmaceutical composition comprising a compound as defined in any preceding

20  claim and a pharmaceutically acceptable carrier or diluent therefor.

15. A method for inhibiting the replication of HIV comprising administering an
effective amount of a compound as defined in any one of claims 1 to 13 to a subject afflicted

with said condition.

16. A method for the preparation of a compound of the formula I

where X, Y, Z’ and Z” are as defined in claim 1 and each of A’ and A” are independently:
a group of the formula II or a conventional protease P-2/P-2’ filling group,

the method comprising:

30 i) O-alkylation of an L-mannaric-1,4:6,3-di-lactone to form the Z’ and Z” groups,



Dis a bond, alkylene, S(0)2-; Pis an optionally
substituted, nono or bi cmmm"luilﬂﬂﬂlll)uﬂueterocycl e; R'" is H any of, the.
si dechai nsWmesMs33m t he ndtufal“anfl nd adi ds, carboxacet axni dPCTHEIR08A28p
(CH2) nDP; 15 Mis a bond or -C( O)N(R"')-; Qis absent, a bond, -CH(OH)-
or -CH2-; or R together with Q M and Ré60defi ne an optlonally substltut ed
5 or 6 nenbered carbo- or heterocyclic ring which is optionally fused with
a further 5 idropening ﬁf)@p éaqtoeambsm}ar pediffersatprimary pr gegondary amipgsitp forgthe
proviso that R is - if Mis a bond and Qis absent; Xis H OH,
OCH3; Y is Hesmvmd S EoupseAM v are not both H Z and Z' are

i ndependent | y, fined above; are

| ndependent | ¥ B8tongcopversign of b 6403 ek co e medPRp X and R g Pea ¢ s and
prodrugs thereof have utility as aspartyl protease inhibitors of H V. They
can be prepared in a facile two step synthesis fromnovel 2,5-di-O

benzyl - L-slmn{)ﬁr O'kcﬁﬁ&lﬁfd@fhﬁ%%‘fawt er nedi at es.

ZII

where Z' and Z” are as defined in claim 1.

10 18. A compound as defined in claim 17, having the stereochemistry:

19. A compound according to claim 17, wherein Z’ and Z” are each independently
15  benzyl, 2-fluorobenzyl, 2-methylbenzyl, 2,4-difluorobenzyl, 4-fluorobenzyl, 4-
bromobenzyl, 4-phenylbenzyl, 4-thiophenylbenzyl, 4-(4’-nitrophenyl)benzyl, 4-

thienylbenzyl, 4-thiazolylbenzyl or 4-(pyridyl)benzyl.

20. A compound according to claim 17 wherein both Z’ and Z” are identical.

20
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wherein:

A’ and A” are independently the same or different group of the formula II:
lRlll
N._Q. ~R
~ ~
Y
R 1

wherein:

R’ is H, CH3, C(CH3),, -OR‘_”‘, -N(R",, -N(R*OR® or -DP

R’*’ is H or CHj; R* is H, C-C; alkyl;

D is a bond, alkylene, -C(=0)-, -S(0)- or -S(O),- ;

P is an optionally substituted, mono or bicyclic carbo- or heterocycle;

R” is H, any of the sidechains found in the natural amino acids, carboxacetamide, or a group
(CH2),DP;

M is a bond or -C(=O)N(R"")-;

Q is absent, a bond, -CH(OH)- or -CHf;

or R” together with Q , M and R’ define an optionally substituted 5 or 6 membered carbo- or
heterocyclic ring which is optionally fused with a further 5 or 6 membered carbo- or
heterocyclic ring;

with the proviso that R’ is -OR*, -N(R"),, -N(R*)OR" or -DP, if M is a bond and Q is absent;
X is H, OH, OCH;;

Y is H, OH, OCHj3;, but X and Y are not both H;

Z’ and Z” are independently -(CH2);,,P where P is as defined above;

n and m are independently 0,1 or 2;

and pharmaceutically acceptable salts and prodrugs thereof have utility as aspartyl protease -
inhibitors of HIV. They can be prepared in a facile two step synthesis from novel 2,5-di-O-

benzyl-L-mannaro-1,4:6,3-dilactone intermediates.

Compounds of the formula I: Z" I ”/’!H][’imj}i’@”l\m }



