 §
; 6789: ; <=e3e\ (Vk\ % "adej 6kTVk, W11 . t° 13 ~I~,;1 C2 WD 991 3104

v PC T/ GB98/ 03775 -1 The present i nvent lon relates to neu&oprot bat ilvd 202
vagents. In events such as prolonged hypoxia and ischaen a’ yhich may or may
not be 5 assoav@beshow t h hypogl ycaem a, neuronal danmage, to varpc1)8B9s/3T7s
degrees, is encountered. Ischaem a typically occurs during heart attacks,
but the danmage incurred at these tines is substantially limted to the
heart tissues, and certain treatnments have Jpeen devel oped. Wth regard to
the present invention, we are concerned with the effects of nore long term
| schaen~ ﬂml" u"mm"m"mné such as occurs with stnke patients or as a result
10 of hea severl ty of the ischaem a depends o

nke or , Invariably, there is brain darragm"mﬂmwmmwmm this
vvh| ch the pr esen(i |nvent|on addresses. Various neuroprotectiveggggnts are
Irnown in the art which attenpt to alleviate the problemof brain damage,
but all of those currently known tend to be associated with 15 adverse side
effects. For exanple, MK801 (di uan“" g3ir9 and ai rly sinple
nol ecul e and is known to provide e on to ischaemc
pati ents. However, MK801 is al so associ at ed with "alarm ng psychotropic
effects” (Martindalyme) présent'Riventith relAYe 16 felfoprotectivé 8gdnts. The
ncur opr ot ecti ve effects are detailed in Brain Research 755 (1997) 36-46
(Pringle, A.K., er al], incorporated herein b ref erence: 20 These sane
aut hors al so descrulneuenthaxdn@ampm@chmmén hactaip, which ey or thay not be

aver ce 51 Ho. emosiae wfth ipoelfcaiid BRiBbHlaage b Rl feamed) BrrE YRy

performed on a series of polyam ne corrpounds related to spenm d| ne, and

these conpounds ar Qsdxiaéxﬁiaqgﬁiéan odtRPS3duihg heart \etthdksShiR thd ddmafe ihirfidait gfest O

their use as cationic channel gul ating agents. These conpounds are
di scl osed in @mnses:submmmlﬂ)hlum tnj’élefhsilﬂ tissyes, and gertain trieatmentschaypbeen acr oss

[ | ul VWO 991.31049 PCT/ (GB98/ 03775
rebr anes posésgzlpw@” ith shecd In e PrSet VR AR e %@?W“pm%hﬁ Gifects of
ds h
o ey o e e forigBiuf Gechlienfis ShThe Bralt S6h UoBirk whth strdicp et iae el

{~1- met hyl16 1Zofhga infairg.) Thesaetitr of the isshamiadegendd be thee raturp of thkstroke or

unpredictable in their effect _on cationic chanpels,.5 various conpounds
havi ng an ef f dRHNYs RUPINYAHEb %Mﬁ}ﬁga% arRees) anghit Asthisgy ‘I; T’%‘Wﬁ‘

effects on potggsidmn and sodi um channel's. Al t hough these corrpounds have
subsequent |y been used in research for their effects on cal ci um channel s,
research effectively finished with the publication in Pnc. Natl. Acad. SCI.
USA [ 86, | 689- 1 693 Varib@8f$yropiotactive agntsam khdwn whthe lartdvhich esguptith atlewate

subst ance kno as FTX rom funnel i der toxin was, t ct ce.in
extrenely srra\lé\ﬁ]e pygkiem o braJn amage, but all V\?B-nosg currently?mown tend to%c assoc?ate e

15  adverse side effects. For example, MK801 (dizocilpine maleate) is a fairly simple
molecule and is known to provide a level of neuroprotection to ischaemic patients.
However, MK 801 is also associated with "alarming psychotropic effects" (Martindale),
as well as adverse motor effects. The neuroprotective effects are detailed in Brain
Researczx 755 (1997) 36-46 (Pringle, A.K., er al), incorporated herein by reference.

20 These same authors also described the neuroprotective effects of conotoxin in an earlier
paper but, despite the neuroprotective effects of this compound, adverse side effects, in

vivo, are observed.

Recently, research has been performed on a series of polyamine compounds
related to spermidine, and these compounds are disclosed in W093/12777, with specific
25  reference to their use as cationic channel regulating agents. These compounds are

disclosed in connection with methods for regulating cation transport across cellular



Y

The present inventors were not aware of the research by Llinas and his

col | eagues, and were pursuing simlar conpounds, as they were knp@dnit'y frage
sonme cal ci um channel bl ocking activity. Tn fact, what was di scover ed was
that, not onl ywo9eddiesscal ci um channel bl ocking activity not verypcr/cBesnaTs
significant, but also there is little or no effect 15 on NVDA receptors.
Further, it was al so established that these conpounds are, despite the
earlier research, non-toxic, and they al so haye a substanti al
neuroprotective effect. It is believed that the reason for the discrepancy

between the earlier results and the pres results lies in_the reparatlon
of the conpou nd@embfab%ﬁﬂqséifﬁ’&S)ca?%gmﬁé&ﬁ gorBpeunds bFMI’RQII!mB

than boi ng. pr opAPEReaysE e pphink Rl Baittrs kibrhalf ﬂ%@%‘a@tw 28
the follow ng fQhawmipdlfahiin®HMentiolidf\their\effecton NWAmNh&hﬁ-ﬂ @Wﬁé@ﬁors

conpounds have been nanufactured synthetically, using the approaches
~l ~ J L"02 Woiggsenade. Puryecagmonndswereynprediotatiein their effect onmatmmpsbmnels

[ ttI det ect abl t t f d d | t
the vari ﬁuiraQSaéoﬁéepinpf 6F Brape i HEEH o P-bet cRgTyY Smbr vt st o "
conpounds were tg ”’?ﬁ éd‘é%fs%n"j&&ﬂsﬁhxﬁ?aﬁ&%oﬂﬁﬁ; El%m&l?em]ﬂﬂu%lhﬁxegé eduxminds

field. channels. there 'were a substanti al fect oh P-type
cal ci um channel &awsﬁbsequbﬂtla@em usediimreskarth foraheipefifentsioiscdleium ¢hannels) rescarch
non-toxic, as well as to have little ?ffect Qn calciumlnstead) we fin

that the conpousfisctively finished withiths publicafion inProe Natk Asad.Seiy é@tlﬁ&&1693

i R hin PP A o

NRZR3 R1 whepei Rieb@pidep tar Ma tokic foithite P exti<indly small daseg. gr oup or a group
of fornmula XYN-, where X and Y are the sane or different, and each may

represent a hydrogen atom a |ower alkyl group, or a sinple hetero-atom
contai ni ng group or; Lhgpsesentinyenters Mere Rat ayyare efhs rescanch mMmmdhéy are

Straignt or br aRelEA . B 2 5278 DirBlBE simillF bERASS & HEP Ve SRy hiB AT ke &
carbon atons andaRafh cRiinePhiBtiiNg b@i\ﬂ@ I8 Bk, |\M§Ht%s Byschveren \1/35 fhat nét &}ﬁ' is the

groups each having from1l to 3 carbon atons; 20 Rb and Rc each represents
an al kyl ene or ahlchmy clamaekplocking astivity r®t werysignificant, bat alag there ia Iistle o npheffect

From 1 o 318ar BORTHPAECopHe” darar Rufsaie s Blistrinatiheed Pipeud v, despits

the earlier research, non-toxic, and they also have a substantial neuroprotective effect.

It is believed that the reason for the discrepancy between t};e carlier results and
the present resuits lies in the preparation of the compounds. In particular, the FTX
component of funnel-web spider toxin was specifically isolated from the toxin in the

20  prior art, rather than being prepared separately. This compound is currently thought to

have the following formula (1)

NH o)

HzN/”\T L T/\/\T/\/\NHZ
H NH, H H
)

Related compounds have been manufactured synthetically, using the approaches



1 ~~";1 C2 WO 99131049 PC1'/ G198/ 03775 -4strai ght chains of Rb lagd;@
being 7; R2 and R3 are the sane as or different from each oth(lzra a 2Gh
represents a hydrogen atom or a group of formula R, RCO) ROCO ) or
RNHCO-, wher avdroorsgoaesents a | ower al kyl group or an aryl grouwcT/6Bosh3arsky!
or aryl group 5 being optionally substituted by one or nore of the
substituents a,, defined below, .. the chiral carbon atomindicated by the
asterisk is in the It configuration; Z is ai.aromatic am no acid residue;
nisOorl; 10 Rl represents a hydrogen atomor a |ower al kyl group or an aryl

group, said al kyl .or aryl Jo) bei.n tionall ubstituted by one,or nore
of the substi t%%@d&“éﬁf‘gﬁéﬁgﬁéﬁdﬂﬁ“%’\R/&éﬁf?%’i"e iasi ?Jé@ﬁ ead om or
an al kyl of arybaf:O e railfls B e VRAGH dstdlsl v ablorh beerbalebaiib s nﬁ;ﬁsi A
preferred class of conpounds of the presént invention are those Conpounds
of fornula (| ah:thé?d thecésipbuids haveproberon-toRix; as\nlelDas-todiave littl€effedRan calciuth 1

(la) (wherein Q Ra, Rb, Rc, R2, R3) Z n, and Rl are as defined above: and
phar maceut i cal ¢hanaelselndaed. af thaterwere g sphsiantial effect oy Prtype galcium channels

99! 31 049 PCT/ GB98/ 03275, - : | f th
present invent 85’015‘98“?%6'2 © 03‘%%?@&%#%%?%#?1%#%?%{“& g{gﬁ&gﬁﬂl@l& UHe
.0 --N-- C - NqnRead N fihd thattheé céMmpounds) $h theiY piaSfiedRfdnin, Favie uZz avReirepdtechive
Y) Z, n and Rl are as defined above; x is an integer from1 to 5; yi s3or4

R4, R5, R6 andagenmtsmray be the same or different and each represents a
hydrogen atomor a | ower al kyl group;- and 10 the chiral carbon atom

I ndicated by the asterisk Ls . in the jt configyration, and al.nmaceutical ly
acceptabl e salts th'b?‘@@?".agﬁbg?lcftu wp@'g‘ 8|Pée‘f'96“ﬁ‘8’ﬁg“ﬁgﬁba‘6ﬁ at ons,
am no groups, ) 'Q&lngi&‘—%d'néml firflul/{TpM NO groups, cyano groups,

hydr oxy groups, al kyl grolps Texcept when the substituted group is alkyl),

aryl groups) carbanoyl groups, al léyl car banoyl groups,

!.l Z;——N—R°—NH—R°~—NH—W
|,

Q—R?—C*H

NR2R3

10 M

wherein:
Q represents an amidino group, a cyano group or a group of formula XYN-, where

X and Y are the same or different, and each may represent a hydrogen atom, a
lower alkyl group, or a simple hetero-atom containing group or, together with
15 the nitrogen atom to which they are attached, form a nitrogen-containing

~ heterocyclic group;

R2 represents a straight or branched chain alkylene or alkenylene group having
from 1 to 6 carbon atoms and each optionally being substituted by from 1 to 4 alkyl

groups each having from 1 to 3 carbon atoms;

20 RP and R€ each represents an alkylene or alkenylene group having 3 or 4 carbon
atoms in a straight chain, each being optionally substituted by 1 or 2 alkyl groups

each having from 1 to 3 carbon atoms, the total number of carbon atoms in said

\$



15 di al kyl carbanmoyl groups and carboxy groups and esters thereagfq jhen
present invention further provides non-toxic conpounds of for |%J(“|'5 ,“Q% a)
or {Ib) as defined above. There is still further provided a ncuroprotective
conposi ti on cRYeFi4e9 a conpound as defined above, as well aspgpoEdROSTIS
conpound as defined above in the manufacture of a nedi canent for the
retardati on of neuronal damage 20 before, after or during an ischaemc
event. The invention also provides a nethod gf ""~2vJv. ~t |l W

991 31049 PCT/ GB98/03Tf5 -6 treating a nmanmal, which may be human, to
protect said mammal from the neuronal danmage caused by an ischaem c event
by adni ni stering tstraight dhainsofR° bnd B beingf er or during an i schaeni ¢ event
an effective anobunt of a non-toxic conmpound of forrmula (1)) (la) or (Ib) as
defi ned above. 5 By subsganti ally pure is nmeant a conpound whi ch, under
condi tions of HPL®RZ mdR> e tho sameesor different fomeach othenaridgach sepresentstown t o

have any or any significant anount of_gcontam S cta er eby.
Trace | evel s of cdYORESAAHAT: GFASTRRP EBP@E*S&E(#'B&%{E |'ﬁrgm&amms and
such circunstances may be determ ned by the skilled person at the tine. In
general, levels of c 1 &santw ) ’ﬂlq?l f |y
substantially |ess tﬁi]a%&?%e?géaexaﬁ{)llk%mlhgss t han Oupl(soa/qﬁ pos&rb yggg‘ﬁylbow
as 0.001 % 5l n the albehigwptionelly substitutek tf arverarandris af the!sabstitngms oo defired
non-toxic, by which is neant that the conpounds should not exhibit any
unacceptabl e | evel s ®ela¥sxicity at the dosages at which they are appli ed.
Preferably, they should exhibit no toxicity 15 what s oever. Regardl ess of

t he foregoing, the.c j Vie . | S Y

neur opr ot ect Pon uHEFAR SRl T HMGucd Y BE GRS i the Lo Eripurdlon:
denonstrated this by tests on the hi ppocanpus, as descri bed bel ow. The

| evel s at whi ch t IERancPsmatitnaninaaeidresidue are substantially | ower than
those at which the prior art conpounds are active. 20 The compounds of the
present invention nmay be applied to the patient if it is suspected that
they are in dangem¥09%d;ischaenic event, especially a stroke or head
injury. Such prophylactic application my be exceedingly useful. However,

it has al sQ_been nonstrate hat the conpoun of the present inveptjon
har o usaf al0ne v KU RPEE: £ By aEr g grpean AR ot or 7 Proup, hasd $iky) or
be appreciated th | fonil (gl T orelaal: soon
as pggsi b: e, in or elI ??%é\ifg?g&?gﬁﬁﬂ%ﬁosﬁgll}?dg%?ﬁ%%g{é%%?gt| on g@“g’(@ggbl e.

I n sone circunst ardefified belowyarik desirabl e to adm nister repeated doses,
especially where the patient remains in danger of an ischaem c event.

Sui t abl e net hods admnistration are generally by injection) in order to
achieve '~ 1" ’%Fiﬂ{cﬁcg?s,iﬂl‘*rgg_ﬁwrgggﬂﬁhl ?’y@fy@@}'%?% t he desired
result as soon as possible. Thus, intravenous injection is particularly
preferred but, ahd phfiifacehticalliatcptdie dalts tRYedfe preferable to adm nister the
conpound directly into the cerebrospinal fluid. The dose of the conmpound of
the present invention wll vary dependi ng upon nmany factors, including the
age, body Wei ght and\ peafiesred clessoficompenngs of the psescninvention anethoseicompennds o€
frequency and routei af .adm ni stration. However, a dose of fromO0.0l to 50
myl kg body wei JH™8U8knerally reconmended, a dose of from 0.05 to 20 myl/ kg
body wei ght being nore preferred. This may be adm nistered in a single dose
or in divided doses. 10 In the conpgognds of the present invention, it is
generally preferred that the overalll | ength of the conmpound is in the
regi on of the |ength.of GCanpol A) As shaqun_kereafter. g’gﬁu.n_d_ an be
considered to be 18 8nitgal on o that gk prﬂferithe é\g?crgo_u ds of "the
present invention should be nol |pnger than 25Tq|nits | ong, and no shorter
than 14 units long. This is aNRRral prefereRce, but it is generally noted
that 15 themis a rapid drop-off in activity with a | ength change of any
significance, even one unit having a generaldyy undesirable effect.
Accordingly, it is nore preferred that the co%?pound should be from17 to 22
units long. By "unit" is neant an atomin the | ongest chain, excluding
hydrogen, and {RRSEMOMRE/KD ReAROMR3 2 WAGHPR ] LRPIRicfined Bbisve) b example, in
formula (1a), the grolp -NH2 1§ regarded as a unit, as are the groups 20
CR2R4, CO) CRApbharnsdceutical)y aegeptabie sadte tiieravfcyano gnup, an am dino group or a
group of formula XYN-. Where X or Y represents a | ower al kyl group, this
preferably has from1l to 6 carbon atons and nmay be a straight-or branched
chain group having from1 to 6, preferably from1 to 4, carbon atons.
Exanpl es include the nmethyl, ethyl, propyl, 25 isopropyl, butyl, isobutyl,
sec-butyl, t-butyl, pcntyl, isopentyl, ncopentyl, 2-nethylbutyl,

1-et hyl propyl) 4-nmethyl pentyl, 3-nethylpentyl, 2-nethyl pentyl,

o o o I T 1

"



Where X or Y represents a sinple hetero-atom containing group, this may be
an acyclic or cyclic group. Exanples of acyclic groups include 8 ejaﬂigyno
sgroup (to 5 form with the nitrogen atomto which X and Y are attached, a
guani di no gr ounp.g98idgexycarbonyl groups (to form an al koxycar bopytigeiigsrs
group), the carbanmoyl group or thiocarbamyl group (to formthe ureldo
group or the thioureido group). Exanples of heterocyclic groups which may
be represented by X and Y include those groups having from5 to 10 ring
atons (in one or two rings), of which from1l o 4 arc nitrogen and/or 10
oxygen and/or sul phur hetero-atons, the remai nder being carbon atons. Were
there are 4 hcter o- atggH] mbfe preftifel cldiabf édrhpchnds SfﬂkTE&%ﬂn?érﬁﬁﬁ-aré/ﬁh%E@
there are 3 hetero atons, we prefer that all 3, 2 or are nitrogen atons.
Wher e t here ar ecémpewmis®fdorondl (T prefer that 2 or 1 are nitrogen atons.
Exanpl es of such groups include the pyrrolyl, tetrazolyl, indolyl,

t hi azolyl, furyl, pyranyl, chroonenyl, im dazolyl, pyra%olyl) 15

i sot hi azol yl, oxazolyl, isongolyl, pyrodyl, pyrazinyR,” pyrimdinyl,

i soi ndol yl, quinolyl, isoquigglyl, car bpzol yl') chromanyl, pyrrolidinyl)

pyrrolinyl, imdazolidinyl i perddyl i perazin i Adolinyl ape
nmor phol i nyl groups.“Alt rnat( 23]] ﬁ.q';l(-dé-n _I\)/_ oge?w?( 'yhﬁe trog@fl?atom
to which they are attac&ed, y for%nlﬁ ni t rogen- gnt ai Qi ng heterocyclic
group. Exanpl es of suchY20 hBier I ¢ groups i RCludR those groups having
from5 to 10 ring atons (in one or two-rings), of which from1l to 4 are

ni trogen andl or oxygen and/ or sul phur hetero-at , the remai pder being
carbon atons. Were there are 4 hetero-atons, prefer that all4 are
nitrogen atons. \Were there are 3 hetero-atons, we prefer that all 3, 2 or
1 are nitrogen @hefdin: Where there are 2 hetero-atons, we prefer that 2 or 1
are nitrogen atons. 25 Exanples of such groups include the 1-pyrrolyl, 1-
or 2- tetrazolyl, 1-indolyl, 3 thiazolyl, 1-im dazolyl, 1-pyrazolyl,
2-isothiazolyl, 3- &7, pland Rlissoasdefingd pbaveyyri dyl ,  1- pyrazi nyl ,
1-isoindolyl) 1-quinolyl, 2-isoquinolyl, 9-carbazolyl, 1-pyrrolidinyl, 1
pyrrolinyl, 1-im dazolidinyl Qg]i peri dino) 1-piperazinyl, 1-indolinyl and
mor phol i no groups. X1s4an miggér,ﬁ' il 18 WO 991 31049 -g_ PGT/ GH98/ 03775 Where
Q represents an al kvxycar bonyl ami no group, the al koxy part preferably has
from1l to 6 carbon,at9pgpgand may be a straight or branched chain group.
Exanpl es of such g?'oups i ncl ude the nei hoxycar bonyl am no,

et hoxycar bonyl am no, propoxy carbonyl am no, isopropoxycarbonyl am no,

but oxycar bonyl am ng4 REMY bk KT & Wathe SrAeTbr @Rt HAALR YOH AR HyardgenO
groups, of which we prefer those groups having from1l to 4 carbon atons,
and nost prefer thatoat oradpwsr Byl granp;aedgr oup. Preferably at | east one ofd
and Y represents a hydrogen atom W particularly prefer that one or both

Chose compolfuos. of Ll Pyt e B el et R £ eb e R 0 0o on”

atons or those in which one of X and Y represents a hydrogen atom and t he
ot her represent andphaniiacbunitally wdeptatle salsxthbeoNy! group. The nost preferred
conpounds arc those conmpounds of fornmula (1), (la) and (Ib) in which both X
and Y represent hydrogen atons or those in which one of X and Y represents
a hydrogen atom and Shestiuenes o areselesied fromyhalogeniatasns awine growps, alky. engt h

of x i n conb naPouns S EflaRind Bodfl clito, difl, haroky glBb AL Elebbs e YR
preferred over afhe shedtihited gfoupi€alkPPANE oliPs, E%Eﬁbﬁb%gu%? aRylarbamoli g&ny

particul ar al kyl ene or al kenyl ene group represented a may be as nuch as
6 carbon atbivs diglkyjcarhamay! groupeandecarbaxyr groups and estechthaterfil éne chain to no
nore than 5, but preferably 3 or 4, carbon 20 atons, and an overall

conbi nation of tri ”eﬁ'ﬂé’ {n%geem ?rpv%mtigﬁ Fiet E%Iwe&g non-toe cc'mslpounds of formula (1), (la) ~

or (Ib) as defined above. There is stil] further provided a neuroprotective composition

comprising a compound as defined above, as well as use of a compound as defined
above in the manufacture of a medicament for the retardation of neuronal damage

20  before, after or during an ischaemic event. The invention aiso provides a method of



generally preferred. Exanples of such al kyl ene and al kenyl ene groups

I ncl ude the nethyl ene, ethylene, trinethylene, tetranethylene) 13 200
- pent anet hyl ene, hexamet hyl ene) vinyl ene, propenyl ene, but-1-enyl éné;"
but - 2- enyl ene wqe9rsrode enyl cne, pent-2-enyl ene, pent-3-enyl ene, pCT/GB98/03T7S
hex- 1- enyl ene, hex-2-enyl enc, hex-3-enyl ene and hex-4-enyl ene 25 groups.
Thus, x is preferably 3 or 4, and y is preferably 3 or 4. Sir~nilarly, the
al kyl ene ' or al kenyl ene group represented hg-Rc is preferably a

trimethyl ene or tetranethyl ene group. Wiere Rb is a trinmethylene group) Rc

Is a tetramethylene ar < 4 qr s a

trimet hyl ene grwgg%ﬁéw%lﬁe@?%%@ ﬁ‘&?@%?’éﬁ‘g‘%g&a 'ﬁgﬁaﬁ%@ﬁ" Ec% WO
991 31049 PCT/ G-@8h433 tdbsed By ahliSchéemicosientbyPatifinidlerinB4o siid mdthmanskefbie, et dPe
| ower al kyl or aryl- groups which may be unsubstituted or nay be substituted
by at |east oneduringsamlischatsméneventan efidctive dmabmutvod 2 nbheokic\wempahihid bf formujay(]),
preferably have fi~om 1 to_6 carbon atons, and exanpl es include the nethyl,
ethyl, propyl, @@5BY@sdefinadabovesoputyl, sec-butyl, t-butyl, 5 pentyl,

i sopentyl, aeopentyl, hexyl and isohexyl groups) of which the nethyl and

et hyl groupg are pr : ' yl
ar oups ar o ar bocycl PE Sarnallf PR iR Kcall Pttt IR bR ToRpikRhls o HPLE
ring carbon at ofiiigh performanee liquid eitrahiayognaphy) & not shidwir iorigave any onamyt sighificimr
exanpl e the phenyl) 1-naphthyl and 2-naphthyl _gr oupsgs of which the phenyl
group is pref eramennt of centaminapts|dptectable thereby,c Trace ipvgls af sontagynants may be

bstituted b ; f . ' o] tuent
Tho ude: hal obArERaME T el R E B o i BHR S Blay B eriaid ey e
anmo groups; al ey Persdontt Medsme.| Th géherd), ieVels 6f dortaniindrit sﬁasnlﬁa%a@mﬁﬁmfmm

1 to 6 carbon 1 S at'ons, for exanple the nethylam no, ethylam no,

propyl am nd0 burgfesatily sybstantially leasithan 1% dort exiampieniessithan 0.4 % Ipassibly agiow as ;
di al kyl am no gro‘%)so, in which the alkyl part preferably has from1l to 6
carbon atonms, f® ’e&arrpl e the dinethyl am no, diethyl am no)

met hyl et hyl am no) di propyl am no, dibutyl am no, dipcntylam no and

di hcxyl am no groups; indfe Gi¥GASIVE! AYPBrefded tRat thOEdMpbnds are rﬁhhu&ic,%ﬁg,ﬁh is
(cxcept when the substituted group is alkyl), for ‘exanple as exenplified
.above in rel at i rogarnt thaRthestompoundsishpuldmas gphibitfapy usacsapthble devedscafitpkicity etithe

above in relatipn to Rl etc,; 1 3.~'~ 9J31049 -11.carbanpyl
groups; PGT/ CBQ%SB%”F'FSWQPME%?’&?HB&WL JrBisRoLy, i%i‘Fyvﬁ#PBﬁ ﬁxﬁé”“ﬂ%ﬂ‘?wcﬂér t
preferably Bas {}Q08ebet © 6 carbon atons, for exanple the methyl carbarnoyl,

et hyl car banoyl , pnpyl car banoyl, butyl carbanmoyl, t-butyl carbanoyl,

pentyl car banoyl and
Regardless of the foregoing, the class of compounds defined above is useful for

neuroprotection under hypoxic or ischaemic conditions, and we have demonstrated this
by tests on the hippocampus, as described below. The levels at which these compounds

are active are substantially lower than those at which the prior art compounds are active.

20 The compounds of the present invention may be applied to the patient if it is
suspexted that they are in danger of an ischaemic event, especially a stroke or head
injury. Such prophylactic application may be exceedingly useful. However, it has also
been demonstrated that the compounds of the present invention have useful activity,
even if applied after an ischaemic event, but it will be appreciated that it is preferred to

25  administer the compounds as soon as possible, in order to avoid as_ much neuronal
degeneration as possible. In some circumstances it may be desirable to administer

repeated doses, especially where the patient remains in danger of an ischaemic event.

Suitabie methods of administration are generally by injection, in order to achieve



5 hexyl car banoyl groups; and di al kyl car bamoyl groups, in which the aIkyI
part preferably has from1l to 6 carbon atons, for exanple the 13 I 5007
- di met hyl car banoyl , di et hyl carbanoyl) met hyl et hyl car banoyl , AL
di propyl car bargpgbesdydul yl car banoyl ) di pentyl carbanoyl and di hepgt/gabdresrey |
groups. 10 Exanples of such substituted groups include: hal ogen-substituted
nmet hyl groups, preferably having three hal ogen atons, such as the
trichlommethyl and trifluoronethyl groups; habkogen-substituted phenyl
groups, such as the Q) m and Rchl orophcnyl, @, m and p- fluorophenyl,
Q, m and R bro henyl ., 2. 3-di chl or.oph | ,. 3-di fl uor.ophenyl.

3, 4-di chl oropher‘Rﬂ §¥%ﬁ“¥‘|ai§8?%}b?fe‘fﬂ7f’8ﬁze‘3%é NFAVERPRT BueFdo ‘BH%“—‘&?F&Y
2,4,6-trifl uorog Eﬁt?ﬂps%m@éﬁcﬁﬂts&kiﬁétll irialy e préfitabledb AitMnisterhe cBmpblifd
am nonet hyl ) Z-am noet 3-am nopropyl and” 4-am nobutyl groups;

al kyl ami nosubstdimtt@dlmbﬁ;dcegabmqpma(ﬂmde ch the alkyl part of the

al kyl am no group preferably has from1l to 4 carbon atoms), such as the

met hyl am nonet hyl , 2-net hyl a noet h t hyl am no
4- et hyl ami nobut yI khgydose P gyﬂd?fégﬁ T% ﬁ%‘é’tﬂﬁ MM”Y depending upon

3-ct hyl am nopr o h
2- pr opy! ar rvet Fifoy e ‘E“eﬁ? ool Pl o nobb{’d’f'on of the patient, as

but yl am nomet hy kye]l%sthé stlods] mft:ﬁw and3obtetof admiristRriony How}er, a dose of from 0.01
4- but yl am nobutyl groups; dial kyl am no-substituted al kyl groups (in which

each al kyl part tmﬁomgkgib@dyoyc is gcnmallipresemmendesd, @ desgo fwmolosmzommon
atons), such as the 1~ ~1-dinethyl t.h di.net h noet h

25 3-1y,, L~I - di He?}ﬁy’l%ﬁhtﬁﬁ’ﬂwb‘w%°3“$@?%¥P§PM%§M%” gi9ese ey

~j , ~-di et hyl am gm&pa%scs ~T-di et hyl am noet hyl ,

~, ~1-di et hyl am nopr opy 4- ]y | ~- et hyl am nobutyl, ~I ~- propyl am nonet hyl ,

2-13, hl-propyl am noet hyl, 3-Zj, ~- propyl am nopropyl )
4- 1y, 1- prop¥0 ani nobuﬂylﬂ')e eempobudsyd)féthtpmmthwcntlln,llﬁslgcnmﬂypmfcmmhc

Cpar 1 bul ar |y pRusTph WagsBihe cobippundld i i emen of the 178t 6F Gprpgund 5. as shown

PCT/ GB98/ 03T15 Fﬁgh I Si
phenet hyl , 3- phg%’;? propy %?ﬁggﬁﬁﬁﬁﬁ??’&grt%gﬁg?ﬂéﬁ glt}oatﬁg{}gg ?’?ﬁt@ééd

al kyl groups, sucﬂnpamdsfnéthmprbmbyivmdqﬂhpummmhmlw units long, and no

3- car banmoyl propyl and 4-car hanoyl b oups; carbanDyI bstltuted
al kyl groups (i ﬁh%rélhant ]rfb“’!ilsllwg pﬁ?’glscﬂ‘g BIQtSIF rB‘&n‘bVlch“QHISHB“‘

preferably s ﬂkﬂg

met hyl car ba?r%yl flrrkrgs?%] ]allaguﬁd ?ﬁy g't“ﬁﬁ’ Eli éhaﬁ:?ﬁ fangr%?x ﬁre’o%'y one
4- et hyl car barmyahhmtayxhg a@ehﬁhnﬁnmmyulnffbml Acodinply, Garslmmrapmt{mgd that the
3- et hyl cat banoyl pnpyl ) 4-et hyl carbanoyl butyl, propyl carbanoyl t net hyl
propyi car banoyi 8empeyndshonidia Farddite 3“5%{?}‘5 By “wagpinm &ﬂﬁ‘fﬂbﬁ‘t‘bl’

but yl car bano , b e
4ubﬁt yl car ba)r/rloy %@%h Chgl g’%)ésﬂl&gé }?ﬂ;ﬂ}g E'E%hmsflg B@#ﬁ%‘uﬁg al kyl %rrgoup 1 n
whi ch” each al kylfomampw i mmdiaaad;ymegfmrmm; g respdadl faamit by are alte groops 1

to 4 carbon atons), such as the Zj, ,j ~- di met hyl car banoyhnet hyl ,
2-~, L-di met hyl c @gyt 6 3ic Zj , ) ~- di nmet hyl car banoyl propyl,

4-] 3, 1-di net hyl car é%l t]%ll ~ ~-d| et hyl car banoyl net hyl ,
2-]~,L3-di ethyl carbanoyl et hyl) 15 3-L~, LV-di et hyl car banoyl propyl ,

4- ~, ~- et hyl car banoyQomay rgpresent-gcyapy gmnpbanmyx)dimmgﬂmyp or a group of formula XYN-.
2-~l, L~I - propyl car banoyl et hyl , 3-)~, ~-pr opyI car barmyl pr opyl

%0 oo S KA ek AR, 5 ey s o 110

25 the car boxynERhyl "o maRhENN sre et ”@Sﬁ%ﬁ”&%@?ﬂ“ﬁh*‘% $oR RS but !

groups and est epﬁ:férhbllya’ﬁ:fm laod, @rbomtomdet&mpm irwhidertii¢é methyl, ethyl, propyl,
nmet hyl am nophenyl , et hyl am nophenyl, | am nophenyl, butyl am nop hen){
j~, ~1-di matggll arﬁOﬁmb?/bml IZ?butyldﬁcérbmla v3h RERtyl. isopentyl, nc0pcntyl 2-methylbutyl,

~, 1~-di propyl am,n

car banoyl phenylml' ﬁgﬁ?ﬂ?h F‘H%'%VPSHQ B?lmag}ﬁgﬁgg?yéﬁ&%ﬁg ethylpentyl 3,3-
propyl car banoy! Hﬁﬁéw&lbu@ﬂtM-aﬂﬁ&ﬁﬁMDhelndirﬂethylbm?l %cﬁ%ﬁbu 1, 1,3-dimethyl-
car banmoyl phenyl, ~, ~1-di et hyl car banoy!| propyl car anoylphenyl,
~, ~ di but yl car bhwo}i2shdimethyihutyl arq;bydpwb rbyxylgmduwemcgr@msem these; we prefer
carboxyphenyl groups. Exanpl es of ester groups include: alkyl groups having
froml1l to 20 carbon atons, nore preferably from1l to. 6 30 carbon atons,
such as those exenplified above and hi gher al kyl groups as are well .
r-1~~~ ~~~"~-2 W 99|31049 PCT/ GH98/ 03775 -1 3 known in the art, such as
the heptyl octyl, nonyl, decyl, dodecyl tridecyl, pent adecyl, octadecyl,

o o o - o g, o,



aral kyl groups, in which the alkyl part has from1l to 3 carbon st?ﬂg ﬁ%ﬂ
the aryl part is a carbocyclic aromatic group having from6 tolPa

-atons, which may be substituted or unsubstituted and, if substituted, has
at | east one woed19d49 t uents a defined and exenplified above, adepegn3rize
unsubstituted groups are prefewed; exanples of 10 such aral kyl groups

I ncl ude the benzyl, phenethyl, 1-phenylethyl, 3-phenylpnmpyl, 2

phcnyl propyl, 1-napht hyhnethyl, 2-naphthyl ne8-hyl, 2-( 1-naphthyl)ethyl,

2- (2naphthy|)ethy| benzhydryl (i.e. diphenylnethyl), triphenylnethyl)

bi h
4I E$ (()}mr;lbfa:]gSI eﬂio nWg}auggfn?ﬂﬁgﬁ%ﬁgﬂ{%pa%ﬁg&sﬁgigﬁg}‘ Phoxybenzyl
and pi peronyl gf-@ypssop}&)}ql eylinddssbupd groupsnand mosnpreferably mmmmps

such as the vinyl, 2rmet hyl al lyl, 1- propenyl | sopropenyl, 1-butenyl,
2- butenyl, 3- butenyl Egntenyl 2penten?/ pentcnyl L4- pentenyl

1- hexenyl , 2- hexenyIWhG’e ¥, yepresentscasimple hstaoatam MBEP,%FWW
the vinyl, allyl, IaII I I ten roups
arc preferred, Xﬂh“é‘ é’FW‘I’ aﬂaué %%%@Fggf hcgl%ﬁggﬁfi@\éﬂ%‘ﬂﬂ% ?‘Pé@

hal ogenat eds al lgyly GRS niRAHeR Gtdeh BwhichX Bnd Wraeé Rtadhbd) sl guaiidind grodp), Car bon
atons) in e ealkyl part is as defined and exerrpllfledlnrelatlonto

St 9;agﬁm:wm?frzfgrzsgzimw%mgfmm -
: pageRagRAN, group1e, CHETOBP BEi do,Eroup): Frxampl

<'21ngh|2,0r2,0(2af w: bs}g 1 E‘%J {,ﬂ Ina wj‘%gﬁ ?djlgfkléﬁhai}?ﬂ ﬁﬁ;
t he al kyl part {sgpoé' Fqu ang fnpl #e%éig out t bﬁg%mgﬂoup as

up to 3 substi feans fo $@hﬁm§bmh§mom@¢ﬂwomfg@)mfumwhlfmnflrtoma&emm@eﬁmweﬂ
atons and phenyl groups I ch are unsubstituted or have at |east one

substitueni0 sebuzg@oanﬁ(qmul@bbshqt@rmxgs,dbe raTaingien being c@%emtqms e%m
for exanple a

PGT/ G998/ 037T5%€WFr094tJ b Cg?ﬁﬁt%ﬁt he ﬁr%ﬁyg?s{o oup 1's msu %:et gug;r

substituted, pagngy Miprefét thlat a1 3] 2&st areifréck atoris. OWRefeakere Grd pntt%rd-ﬂoﬂ:s
carbon atons or acyl am no group, for exanple the phenyl) tolyl and

benzami dophenyweprefspthat 3 op hereriyrpge Bows., Emnehs pésucheronpsineiude the pymrolyl,
have at | east one of . s tltuen def i ne and ly] f abo for
exanpl e the ph&stEzoIl, d?‘gqibl p?%’@’fﬁ @‘P’l ?’5 pr?én Z’ﬁo%’“ac‘g‘u ic and
acyclic tegpenyds lﬂﬁﬁiﬂysox&gfyl %m&gl tp?ﬁd{n! f:?f&flh}'l B?ﬁ!‘x‘ﬁdmi'l' ﬁéirﬁdblyl FH?.\Yﬁdﬂ'l)

ment hyl (eSpeci a aryl, pinanyl,

notcaryl, 10 nqn"onumal)m qar‘tmzolyhqummhmymwyﬂmyh @urp'hbnoyll umddzqhdlrm,rmpmdyl
roups: al kox met hyl. gr.o I n. whi he al kox art has from1l to 6,

grefgrabl y frgm )g: g&?’i)’éﬁ“%m °<1;1‘H81$T89psi tgelof be substituted by a

si ngl e unsubstituted al koxy group, such as the nethoxynethyl, ethoxynethyl,

propoxynet hyl, i soprgpenaivelynX! anddritiegeth@tvwiry the ntrah Rfohy & M%MWM

groups; 15 allphatlc acyl oxyal kyl groups, in which the acyl gro

preferably an attichedymayfoyme mragmcmmqgr}mwcarshympaﬁmpiys Ogﬁmhp

h f b t d
bt ef or abl y 20 £ olpieracyale SoupsORTude ifse sTms HEv DR FomL RO fiae A (ione or B
pr opi onyl oxy ”EWL- , of w\%?ﬂ(’)&r Y&k ![1# xrtrbé&péﬂdﬁr)@x sulphur hetero-atoms, the

pi val oyl oxymet hy yl oxye acet oxyet hyl,
1-i sobutyryl ox yaﬁin;iﬂcr bking oasbom)dmmy thnr thprel are 4 hetero~atoms, we prefer that all 4 are

2- met hyl - 1- pi val oyl oxypr op pi val oyl oxypropyl, 1-isobu onyeth

i sobut yryl oxypf¥fRaen a é"&c%i’? 65?”3 CLEROZALERRS, e PRETeR I F‘hé# °m¥'°8°"
1- pr opi onyl oxy I yr

1-butyryl oxyet ﬁ{(ﬁ{gr\gﬁf)@ ﬂ%&:}%/c aQ&%‘s’t |%Bt ed['ﬁif g%nacgf%xyéﬂskyl
groups, in2ghi @iaﬁxb&s%ﬂﬁch%@&ﬁs 1h§1u§d5 afear-pﬁoaylam eﬂi(-aa@adolggr Dumomm-l S nore

preferably an al kanoyl group having from2 to 25 6 carbon atons,

cycl oal kyl subshirzalylni -imidazelybirpyrazolyl, 24saiwazalyl Axwoxazelyl, ?ﬁ&o’@-?-‘klyl lﬂa\ﬂthas )

from1l to 6, preferabl fro on ato exyI
acet oxy) met hyl , 1 b féﬁ b&ef@?&?f@?h@f”q‘imf’gy’c% %ﬁé&ﬁﬁtt?@%%ﬁ%pﬂ
2-methyl -1 (cy | AeRida¥atid @46 RpRRiarinys AL i ahd morpholi

1- (cycl opent yl gggtgm)g?ﬁy : "%qyélpf'j(' S L Bt Caempholne. 15
1- (cycl opent yl gomipexy~r opyl and 2-methyl - 1- (cycl opent yl acet oxy~r opyl

groups; ‘

13



al koxycar bonyl oxyal kyl groups, especially 1-(al koxycarbonyl oxy) et hyl

groups, in which the al koxy part has from1 to 10, preferably frigniit G0
-and nore preferably from1l to 4, carbon atons, and the al kyl part has from
1-to 6, preferwblogajocguem 1 to 4) 5 carbon atons, such as the PCT/GB98/03775
1- met hoxycar bonyl oxyet hyl , 1- et hoxycar bonyl oxyet hyl , 1

pr opoxycar bonyl oxyet hyl , 1-isopropoxycarbonyl oxyet hyl ,

1- but oxycar bonyl oxyet hyl , 1-i sobut oxycar bonylgoxyet hyl ,

1- sec- but oxycar bonyl oxyet hyl , 1-t-but oxycarbonyl oxyet hyl, 1-(

1- et hyl propoxycar bonyl oxy) et hyl and 1-( 1, 1-di propyl but oxycar bonyl oxy) et hyl
groups, and ot her aWherxQaepriosmmd an dkoxygarbopylamino group,thealkhxy part ardierablydrad

al kyl 10 groups_have from 1 to 6) preferably.from1 to 4, carbon atons,
Such as the 2- nEeRyl 100 GaTORHGRS A HaY oA TRIEH, PEpRchied chain group. Examples of

2- (1 sopropoxyc ~ inm,&g% n . .

t - but oxycar bon%@g%@{%ﬁﬁmﬁﬁhﬁoxyca oné?}(c)li%ﬁe&f E@lﬁ%%@ﬂimmo, propoxy

et hoxycar bony| ogarbaything| i po@bﬁfﬁbﬁ?kﬂﬁﬁ@fbhmyhﬂ&@l&ﬁinoa?&ﬂ?'loxycarbonyl-
cycl oal kyl oxycar bonyl oxyal ky groqu, I n which 15 the cycl oal kyl group has
from3 to 16, paminerant hgxyloxysagbanylamine grayps, aftwieh we prefentbosegropps having
cyclic and is otionaIAg ubstituted by at. | east one (an referably only
one) al kyl grou%‘“ﬁalvﬁ"n ‘Yﬁ%ﬁtfmf’om @#Bﬁ{“&gﬁﬁ’%’(’m SONYITIPP EPYPr om t hose
al kyl groups exenplified above) and the al kyl part has from1l to 6, nore
preferably from 1 topffergislyRPRastione®of Kard Y $ir&eh8d HydrspehhesiR. Wépdrtiaiiauys
exenplified above) and is nost 20 preferably nethyl, "ethyl or propyl, for
exanpl e the 1- merefey thay ohe hehoth of XoandyY oopyesentsiajiydrogen atom. Particularly preferred

e b i A AR P A

1- cycl ohexyl%carm%@m&hpﬁ{/ od¢ ﬁ%ﬁ?ﬁﬂé Xfﬁﬂﬁ@rﬁg%%%;ﬁ/gﬁgfm atom and the

1-cycl opentyl carbo oxyet 1-cycl ohept yl oxycarbon

1- cycl ohept y| casthemmgpressins hy tmidinongroby bey earbamibylpaotyy.| Tie hosyprefessst hy!
1- met hyl cycl opent yl oxycar bonyl oxynet hyl , 2-nmet hyl - 1-81 ) )

net hyl cyci ohexysampaysds asthose sprppounds(of formula (1), (12) and (Ib) in which both X and Y

1- net hyl cycl ohexyl car. I = (]
Jret hyl cycl ohexﬁ%?ﬁ%ﬁ&?%’ﬁy%éﬁo(%% “‘%e %%%‘?tghoé’)%)? If(}:(aa}:gloir’])rﬁp(g%eg}s@dwdrogm atom
2- (cycl ohexyl cajdihl yieK vepPdseimty bn amidino group.

2- et hyl - 1- (1- net hyl cycl opent yl car bonyl oxy) propyl, 1-(1
met hyl cycl opent yl car bonyl oxy) propyl, 2-(

1- met hyl cycisopent yI cHidlength@f yhepgrops represerted by R apdRPythatis hiarfymoty (ia),abe | | ‘

2- (cycl opentyl car bonyl ox ropyl,. 1-( 1-nethyl W~ ~ ~~ ~ f~c2 WO

99r 31049 - 16 PGW@#Q%WG?Q“@"%%MM&W%‘&‘B&%WB’WM except that the preferred
1- (1- et hyl cycl QReQ r - e?éifl’*”g&tc%' led©

adamant yl car bonyl ox%é%ﬂ’ﬁw%é aga#ggtpsy rgi;(ycar Onyf&%ﬁ?ﬁ?éﬁ@’éﬂﬂﬂﬂi&w
1- adamant yl car hanyitenylat BydupdeprdBhied iR DAlal We ak kitk) 586 RAMSh WorRY 1ok, i¥§s0UPS
I n which the al koxy group has a singlé 5 cycl oal kyl substituent) th

cycl oal kyl subsreferredto testrich gachradicyiénetahainlp nomaedre them 54 bt prefe3abily 37%r 4¢ carbom
atons and :?g)[lo- or pol ic, for. ex

- CcycC , | e the )
cycl oprpy! bk hoASREr B CHRHHEOMpmation of BHRF)HERS FAFEMEH|FG SRHDE i |
cycl opent yl net I
1}/( cycl?l op?/opyl @E@;?g%%l oxy&‘e%%gﬁ%,%ﬁ Ql'ﬁ??&%@gﬁ& mm@&b@'ﬁ\\ﬂyﬁmﬁﬁ&m )
1- (cycl obut yl nehéthylene rdinyisteorithathiehe, tétranesticyl e penthrrethipieny, Hetamethylene,
car bonyl oxy) et hyl and 1-(cyc|ohexilnethoxycarbonyloxy et hyl groups;

t er penyl car bonyViBY§as: BYRPERRIENe. OufrdERY SRS BW-Bernylcas penky tenylepgpent-2renylene,

the terpenyl graupai nplijii.6dn 209 | 5. 3R b2 Le
t er penyl gnup) o?3e°>§<'¥%§ ,ZRE? @’N‘%’%ﬁ%@ﬁ@%&‘ﬁ@%ﬂﬁ%ﬁy‘rq@%“)%é?‘ ﬁw’fa c%ﬁ:lnk

1- (ment hyl Qar bogghsex YDHE W s préferabiyd ey, Gt lyqa;sme@mgtw 4. Similarly, the alkylene
nment hyl car bonyl oxynet hyl , 1-(3-pi nanyl oxycarbonyl 15 oxy)ethyl)

1- ( 3- pi nanyl cardraienglens giduplrepréseptddesyR O\ efetubiya GitiEthylent ortdtarethylene

pi nanyl car bonyl oxynet hyl groups; 5-al kyl or 5-phenyl [which may be
substituted by group.cWiieredRiisof trimstisylerieyprons, RE is deétrameihylenk groapndfhicecdersa.
above] (2-oxo-1, 3-di oxolcn-4-yl)al kyl groups in which each al kyl group
(whi ch may be tMestgmeferably, ®Vfi§ e tmethyleas gfouprand RCGs 6 tetmanesitieylen grofip.om 1 t o

(13



20 4, carbon atons, for exanple the 13 I 7o
(5- net hyl - 2- oxo- 1, 3-di oxol en-4-yl ) net hyl, (5-phenyl L e
. 2-0x0- 1, 3-di oxol en-4-yl ) et hyl, (5-isopropyl-2-oxo-1, 3-di oxol en-4-yl)-
met hyl , (5-t bwdwdsia®xo-1, 3-di oxol en-4-yl ) et hyl and PCT/GB98/03775
1- (5- et hyl - 2- oxo- 1, 3-di oxol en-4-yl )ethyl groups; and other groups,
especially groups which are easily renoved in vivo such as the 25
phthalidyl, indanyl and 2-oxo-4,5,6, 7-tetrahygro-1, 3- benzodi oxol en-4-yl
groups. O the above groups, we especially prefer those groups which can be
renoved easily in vivo, and nost preferably the aliphatic acyl oxyal kyl

onihal | dyl o oups. andiy S Rb e, RECROIERTIALPCINEE KR acdl B
substituted 2- Omarchn%wb@mhsanﬂmubrﬂﬁymlsuwwa@byRﬁ&@%b@&ﬁﬁnﬂﬁwer

we prefer that Rl, R4, R5, R6 and R~ are all hydrogen. It is generally
preferred that dldfmcg rabm Zl'hqslow&t alkykgronps priefesably\have fmmﬂupﬁmdnmatoms,sanﬂ

t th t f t hat d
P ot c. and p9 praleaingiofs HeaABK el ShemsTasoRTRy iU isoR ass P amry)
WI
gﬂegy?g} ;gl Er%;gl) o?n%%hl cﬁ&rﬂén%ﬂr n| ne” or t%@l@?ﬁé&ﬁ%ﬁ%ﬁgg% er&?g. %09{3
a | ower al kyl engro ahdme&ybgﬁduplbbmmm dAteydryl grogpsaarebl y

10 met hyl, groups Suc a | ower al kyl ene ?roup has or 4 ‘carbon atons |n a

strai ght chain mbpqysh@pvpmmmm prgfesebly have fmmétaﬂﬁmsqyr\aqnem

ot hyl et byl onc, more Prateryy nave £k 4 G Sarb s, of ??@%%ébemﬁﬁaéyﬁ@xg d
tetranet hyl ene, > ResHRBRibIAsCOPwRItH D] Qbhﬁiﬁrsfmsm%aﬁbas«haﬁyfﬁmm
yl enc and tetranethyl ene groups are generally preferred.

Preferred cdnpognoups mby besulstiogehby onmermammfaubsmmwml | owi ng Corrpounds of
formula Ato DD NHOL HZNN~" N NH_ H ~2 ,~[~C2 J4 t1 (,L WO

99131049 H2N NH2 N HExamplEs gtzsulgantll\!chgtsEmclll\lldHcMI 2'H1 PCTI GB98/ 03775 -18 O

halogen atoms for example chiorine, fluorine or bromine atoms;
amino groups;

alkylamino groups, in which the alkyl part preferably has from 1 to 6 carbon
15 atoms, for example the methylamino, ethylamino, propylamino, butylamino,

t-butylamino, pentylamino and hexylamino groups;

dialkylamino groups, in which the alkyl part preferably has from 1 to 6 carbon
atoms, for example the dimethylamino, diethylamino, methylethylamino,

dipropylamino, dibutylamino, dipentylamino and dihexylamino groups;
20 Cyano groups;
hydroxy groups; ..

alkyl groups (except when the substituted group is alkyl), for example as

exemplified above in relation to Rl etc;

aryl groups, for example as exemplified above in relation to Rl etc,;

Y4



.HO 13 J4,V ~~C2 WO 99131049 -19 NHNH2 ~ OH2ZN ~ Nv HOH _ / OH

PGI/ GB98/ 03775 NH2Z N H NH NHZ H O H2ZN NN NHS O H H ~» N NH NHZ ~qO”I.-,II1:_Nm~ N
*Hv OH~1 NH2 NH 13 ~;."'~d 2n02 WO 99r 31049 -20. 5 NH NH2 H2N’~* H"'&z

H2N , H NH2 H &ovdimieey the Conpounds of fornula A, D, E F, G pg¢pPsfednsdfs
especially preferred, the Conpounds of formula A and D being nore
preferred, and the Conmpound of fornula A being nost preferred. The
conpounds of the present invention may be pr_eﬂqred by a variety of 10

carbamoy] groups;

alkylcarbamoyl! groups, in which the alkyl part preferably has from 1 to 6

carbon atoms, for example the methylcarbamoyl, ethylcarbamoyl,

propylcarbamoyl, butylcarbamoy], t-butylcarbamoyl, pentylcarbamoy] and
5 hexylcarbamoy! groups; and .

dialkylcarbamoy! groups, in which the alkyl part prefc;'ably has from 1to 6
carbon atoms, for example the dimethylcarbamoyl, diethylcarbamoysl,
methylethylcarbamoyl, dipropylcarbamoyl, dibutylcarbamoyl,
dipentylcarbamoy] and dihexylcarbamoy! groups.

10 Examples of such substituted groups include: halogen-substituted methyl
groups, preferably having three halogen atoms, such as the trichloromethyl and
trifluoromethyl groups; halogen-substituted phenyl groups, such as the -, m- and p-
chlorophenyl, o-, m- and p- fluorophenyl, o-, m- and p- bromophenyl, 2,3-dichloro-
phenyl, 2,3-difluorophenyl, 3,4-dichlorophenyl, 3,4-difluorophenyl, 2,4,6-trichloro-

15  phenyl and 2,4,6-trifluorophenyl groups; amino-substituted alkyl groups, such as the
aminomethyl, 2-aminoethyl, 3-aminopropyl and 4-aminobuty] groi)ps; alkylamino-
substituted alkyl groups (in which the alkyl part of the alkylamino group preferably has
from 1 to 4 carbon atoms), such as the methylaminomethyl, 2-methylaminoethyl,
3-methylaminopropyl, 4-methylaminobutyl, ethylaminomethyl, 2-ethylaminoethyl,

20  3-cthylaminopropyl, 4-ethylaminobutyl, propylaminomethyl, 2-propylaminoethyl,
3-prepylaminopropyl, 4-propylaminobutyl, butylaminomethyl, 2-butylaminoethyl,
3-butylaminopropyl and 4-butylaminobuty] groups; dialkylamino-substituted alky!
groups (in which each alkyl part of the dialkylamino group preferably has from 1 to 4
carbon atoms), such as the N.N-dimethylaminomethyl, 2-N.N-dimethylaminoethyl,

25  3-N,N-dimethylaminopropyl, 4-N,N-dimethylaminobutyl, N,N-diéthylaminomethyl,
2-N,N-diethylaminoethyl, 3-N,N-diethylaminopropyl, 4-N,N-ethylaminobutyl,
N,N-propylaminomethyl, 2-N,N-propylaminoethy], 3-N,N-propylaminopropyl,
4-N,ﬁ-propy)aminobuty], N,N-butylaminomethyl, 2-N,N-butylaminoethy]},
3-N,N-butylaminopropy! and 4N,N-butyla1;ﬁnobuty] groups; aryl- (particularly phenyl



processes which, in thenselves, are well-known in the art. Alternatively
they may be prepared by the foll owing procedure: Wang resin (0.D3 f'tr'rd)l}){'CES
-swol I en in anhydrous tetrahydrofuran ( 1.0 m) and 15 carbonyl diim dazole
(4 equival ent wo®sidasmol ) is added portion-wi se. The resul ti nGpdHEBIBTIS
stirred at anbient tenperature for 16 hours and then filtered, after which
it Is washed with tetrahydrofuran, ethanol and dichl oronethanc. The resin
is then dried in vacuo. The resin is re-swol iﬁn i n anhydrous

di chl oronet hane (1.0 m) and 1,3 di am nopropafie ( 10 equivalents, 0.3 mmuol)
I s added portion-wise. The resulting mxture is stirred for 2 hours and
then filtered, mfnaphﬂwh)i aubStimteﬂsallv_\dmsmw MIW,EP?@M’M B-phehlylipropyl or

(di nmet hyl f or mani d t hanol hI or t hane d then d | n vaceeo
ry, ,tnla#¥ P]e“nyqe ﬁﬂ? g‘%@ﬂé—@&ms“f

cqui val ent s, 0 5“*%%”@?%’%%‘35%%&“@ ol care%"‘fmﬁilﬁ"%*'d' e (5

2, 4- di ni t mhenz cilryighrbampll-sdbistitutelicalkyl geoups\(itl which thealltyl paredfithe aihﬂcmbmyle

is stirred under an inert atnmosphere for 2 hours and then washed
(di net hyl f oSma ruroup prafenghlydias fromjildndrsmoniaioras), sied ag themethyloathameyimetioyle
resul ting reS|

tri phcnyl phosp %}agna%%@% n 3 gﬂﬁédrou et rg'h%%%&agﬁa(‘%‘?ﬁqh&? cgﬂgl

(4 equival ents, %o& gﬁ;gé,ﬂnéﬁ)q %ﬁ%amc@;&ﬁﬂl Tés addedﬁ&hg\?\n ethyl-

Di et hyl azodi car ate (4 equival énts, 0.12 rrrml se and the
m xture stin~ ecbafrbetmd)ablhtgu psopyﬂntrhamqyﬂmnthm Dtmpylcahatmplsﬁgﬂ 3-propylcarbamoyl-

Vacuo, The' T oo1BroPE: m“t PO DY BRI GHRANRRDY 2 B poamay ety
| _ vepeamayietyl,
For 1 hour - hper oy ‘@‘%"3? Ry le SRy roud, Jhikh by |1 €

met hanol , di chlwbemtdaamle)] g@dnq;st(hﬁnmdhbml:alkylﬁn\dm&malﬁbkwﬁio l upgai n
swol len in di chI oronethanc (1.0 m) and di-t-butyl dicarbonate

equi val ents, 0.@efamily hasBom INodk Gaskan atams) Wﬁdb#ﬂﬂﬂlm%ﬁma@Y@Ml )

filt ngﬁdanlhﬁﬂ%%ﬂ“fw%%& e i e SRS L
dried in vacuo.cafbanlf\8bit9h umLﬁeth?ﬁmbymgnnz-?:?{ﬂmiethﬁwmoylemyl
hydr at el di et hyl f ot mam d); é or hour t hen wash

(di met hyl fdrsnarﬁ-mabl -diethy mojipronyhréo iy 1ethydgarkamepyliputeld N.N-propyicarbamaepd- AA

(i Saprmyl ot by BHRG 2 Eﬂﬁémfﬁ%@f’ A omear b diPtrst A mrayb s
25 di et hyl for r@ﬁwﬁ?ﬁ?@?p g}g)mﬁy\darmﬁommez ﬂqg-%dxﬂ&:wﬁoymyﬂ 3-NRebutyl-

whole is then stirre hours and then filtered and wa

(di et hyl f or mandadiegmoppropploand ANIMHbutydeasbdmeydhutplgroups; g@rbmqy-whsumtcd alkyl
~~'~~J 2002

groups, such as the carboxymethyl, 2-carboxyethyl, 3-carboxypropyl and
20  4-carboxybutyl groups and esters thereof; and o-, m- and p- aminophenyl,
methylaminophenyl, ethylaminophenyl, propylaminophenyl, butylaminophenyl,
N,N-dimethylaminophenyl, N,N-diethylaminophenyl, N,N-dipropylaminophenyl,
N, N-dibutylaminophenyl, biphenylyl, carbamoylphenyl, methylcarbamoylphenyl,
ethylcarbamoylphenyl, propylcarbamoylphenyl, butylcarbamoylpheny), N.N-dimethy]-
25  carbamoylphenyl, N,N-diethylcarbap}oylphcnyl, N,N-dipropylcarbamoylphenyl,
N,N-dibutylcarbamoylphenyl and carboxypheny! groups and esters of the
carboxypheny! groups. _

Examples of ester groups include:

alkyl groups having from 1 to 20 carbon atoms, more preferably from 1 to 6
30 carbon atoms, such as those exemplified above and higher alkyl groups as are well



WO 99131049 PGI/ GB98/03Tf5 To the resin is added 20% o ey .

pi peridi nel di nethyl formamde (1.0 ml) and the m xture is sti rredi 3f ¢ o K12
-hour and then filtered and washed (di nmet hyl f or mam dc, et hanol)

di chl or onet hanwp)oemibéser which it is driod in vacuo. Boc AA (4 epdrushos/osds
0. 12 mmol)) TBTU (4 equivalents, 0. 12 mml), and 5 diisopropyl et hyl am ne
(8 equivalents, 0.48 mvol) are dissolved in dinethylfonmamde (1.0 nl) and
the mxture is added to the resin. The whol e ths then sti~d for 12 hours and
then filtered and washed (diriiethylformam de) methanol, dichloronethane),
after which it is dried in vacuo. 50%FA/ 45%di chI or opet ha /2.5% 320/ 2. 5%
triisopropyl sil ¥newn in thean, such asdhebepty-o¢ryh panyledsexl, Qﬁée"c)'ﬁéﬂﬁf%yﬂ (ReBtadecyl,

(10 m) and t n8cpRrh iR i ikboh B e A pBEBERA B BRG] SRLE

yellow oil is tpufyligrdups; Wi th anhydrous diethyl ether (3x2 m) to yield the
requi red conpound. preparation of the conpounds of the invention, as well
as neuroprotective 15 activity is illustrated in the acconpanying
non-1initing exanpl GXCIOﬂhyltB‘m%R? P@maoﬁr@gﬁ ﬁecarhﬂnlmmforawmh theicyplopropyl,
used: zo 25 Argar | n| n q tox sopropyl carbodi i m de;
EDTet hane- 1,2- dF¥f°© Y§IP: aCP'BcS’ ty dr oxybenzotri azol e;
Lysl ysi ne; -ODSoct adecyl si | aneOmr nit h| ne; Phephenyl al ani ne;

Pmc~-2,2,5,7, 8- pent &%@‘ﬁ%ﬁcﬂﬁﬁ%@?&ﬁhﬁoﬂﬁh@%&ﬁ@ﬁ@ 2fd eyl
per formance |IC]UI d chr t ography; 13 ~4"~' ~ C~~2 WD 99131049 -23 TFA

trifluonacetf cpagisy cﬁl&@%ﬁoﬁiﬂlﬁﬂﬂﬁﬂp&qvﬂﬁ@ from-64p Jé catbofatorns)iwhicli Mayrbe
PCT/ GB98/ 03775 5 0. 152 of
N - FI uor enyl met ﬁ‘ébé?&ﬁ?%%fdw@mm{‘&d apsd A Bbstad,hast Jaast ope of substituents a defined

phenoxy) et hanoa @3% Qgﬂ% rgng{%;;gg,g\@% At 5
m of a 20%v/vm§o ut |o]nﬂlgy§f)?°¢2irq) I'ne 1n met?a mam eé‘{fQé resin %s
filtered, ang tbeh drilR@l groupdincindeticlbenzyl| phﬁneﬂ:ylz(l%hdayleﬁgl (B-plsenyipropyl, 2-
pi peridine in dinethyltformam de for a further-30 m nutes. At the end of

this time, the pbglyr*pmaxl { inephthylmethy), Jcaaphtbyimethyl. (7.1 -naphgdlsthyl, 3¢ 10 ni

T of et hyl encreEM T beteiaR R Brip R e Rl gty e S Rl nifophiehyi-
di ssol ved i n netfilyaeamtiydne@gl, 0%, 6drimehyibenzyd u-bidiiobeizyl 22-nfirobenzhdx-mol )

was added. After 10 m nutés at room tenperature, N4-(4'- enzoyl oxycar bony|

(1' - phenoxy) et hitrebantydc3-nittoberizyhd-methoxyaperl andmjperensi grotipse (0. 1032 g)
0.031 mml) was added 15 followed by DIC (24 nm, 0.155 rrm)l) The m xture

hangari ot Bt the PkehfRISTRIRE A 2116 AR, o Hast Uit a2 c°
(1x10 nmi), met hajeeyldliyiol ﬁiobcnymtsbprbpagl qhbm&nydez%:ateﬁﬂ Bib)médyerl -pentaayl, Bader

vacuum Fnoc renoval was carried out as abov

N Ar g( Pnt) - Né- (ncntmﬂz%ycmryod,aﬁmynﬂ( h-hcmyhéxlwc@xlh%rhmhd-hwﬂ)mm t

20 b b di edhcl |
Cri Dsopr opyl o | SRS fralied Br HREpnc P LRYE RS 2imeRuRh T-ghheh b BTy .
2.5 m) for 5 hauﬂeﬁ yidrotifR it ﬁﬁwamwyﬂm Z-ﬂﬁt}{yl%?ﬁ gf&ﬁ@uaﬂg%si prefdrrddi on

through a Pasteur pipette containing a tight plug gl ass wool and washed
wi th nethyl ene chloride (4x4 m). The sol vent was renoved in vacuo, the

resi due di s3®l ved i haqumd(aikxhgyom haviag fom & o 6 nrefermblyiframet to4, catbmr (25
m) to give a white preci e whi.ch par at ed cent.r . The
super nat ant was W@aﬁ"ﬁ‘@%g z{llﬁgpggllfas %-g’ﬁg B89, grempliied;in ¢ ﬂ'%@ﬁh?o@’s
m). The solid PFbup 8950V, HRIRE BBl%EerpMoﬁﬁBTcBloEHE%d&ﬁcﬁﬁi@nﬁﬁ@oxﬂb&ﬁ@%&ﬁas the
repeated tw ce. The product was drssolved in water before freeze-drying.

The pr oduct 08.22-61rhior¢e<thyd, 2-hafoethyl-&)g_2-chlo:(obﬂayk@dﬂﬁr&thyr 2%rémbethy! orfa-t

b8 ~ 9 5 91D (B~ 70 (+S~ ZIIAL (~H-
) (zH~) b bzlﬂgﬁwg %)51512bf°(719%y1 ngx 2 ETQUPE:-.. s§ z 7L ((H~ ).

“(LH- 1" ib “(=H) 6'Sb "(ZHX G Gb (H) ss~(o:Q ~S6) 08 (u H2)
Zb I-bS tas(u” Hblub§§mtéd‘ §Ralky groupsHywiieh e 478yl part i as défihked and exemplified

above, and the silyl group has up to 3 substituents selected from alkyl groups having
from 1 to 6 carbon atoms and phenyl groups which are unsubstituted or have at least one

substituent selected from substituents « defined and exemplified above, for example a

"



8 2Z-0' "(~ Hb) b0'-Z2 "(H—-e~IdIE8~S9Ff "I "H) 8G ~(QZQ ~ 03) Hy t
-rR . (~d3, 1, +HtY~I) "9ib ". (H+hl) ' ZO (+S~ Z/1~11 Sl (zH)1RQ $Z2| zﬂﬂz)
.'9Z2 "(=H~ S$'9Z "(zH~ | 82 "(LH) 80 (~H) 1'6 "(tH) b'" Ib "~ } 5
(=H-) 8' Gb “wob9mifebb T (H-) 9'SS T (Hi ~I (Z-HN15--H d 9'6S t  (pdPdBesl3T’s |
-(2Q "zl-B~l SG ~9 (u H9) ' T-89" i "(u Hb) GG i-86" t "(u HI)
8L'Z-S6'Z "(u "Hb) zO -8Z" "(HOE~IdIE g~ "9'9!" "~ "HIl ) 98 ~ (O=Q
“zF~1 00 ) Hg O I SIS~'Idl~iw Q~Ifl0dL1lUQ;yi~n~dsu
“(1rCuoqgi sa~Cxo~ng-1) ui 0-a aoui 3 pue (I ~Caoqi so~ O(Oi ng -~)S~C |-a aocud
“(aa~&' -a aocu3 " (~~Cagc~~xQ~ng-i)aJ(?-~ aoru3d " (i ~uog~a~Cxo~nq
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os~q,l, S Zi '"(~d3.1. %i'0/~i ~Mqgi ~M ~j pra~i s=aost 8ortnta " SQO

ovi 701 P v o 1 phepybERubE SRS pit et s Gubpinletafdintidf 751100

4H, 1.72- ldastlon alityl froiy1140 4(dafbon atd
210 SW% l\/HNa+TFk§ré&r£Wyl~m~artS| n~r | sarllg mﬁl?vz nQoun84(2) PGT/ Glggg?(‘) Tf%mgH

(360 M 3z, DzO0)grosp,dar ¢xample thephgng)) ta_l)ylsandlbpnwrudfyphesymém, aft, J 7.9),
3.09-2.84 S (8H n), 1.90-1.74 (4H, n), 1.73-1.S0 (6H n), 1.40-1.27 (ZH,
m MZ (ES ) 274.
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1H, t, J 6.6,

15, 3 0,5 ol il o s S P, By e
(MEtHHTFA) " . N Mnsyllgmﬂpsl oerm dine fCom ound 31 8H (360 , DzO0): 3 88
(IH, t, .1 6.6) On alpha-CH)) 3.23 (2H, afl, J 7 S), 3.10-2.80 (8H, m,

(1 Pty z8A) (4H15mHPL‘@°£FS\Iﬂﬂlq(%I’O3§ ’?@%ﬂrﬁ%‘ﬁ&f g;’:? OB&%@%E‘?SR m& R,
et orred. br ocAnenthIRepSEE Al In MRS tniri, WAy I CAPR Riany I G T Reafl, £ e

preferred proc sent invention

ori gi nal rd#ct anirpinaiyl, Mbumyemmﬂxdnyl aampheny’ asd siorbommenyl greupspund of
formula G

alkoxymethy] groups, in which the alkoxy part has from 1 to 6, preferably from 1
to 4, carbon atoms and may itself be substituted by a single unsubstituted alkoxy group,
such as the methoxymethyl, ethoxymethyl, propoxymethyl, isopropoxymethyl,
butoxymethy] and methoxyethoxymethyl groups;

15 aliphatic acyloxyalkyl groups, in which the acyl group is preferably an alkanoyl
group and is more preferably an alkanoy! group having from 2 to 6 carbon atoms, and
the alkyl part has from 1 to 6, and preferably from 1 to 4, carbon atoms such as the
acetoxymethyl, propionyloxymethyl, butyryloxymethyl, isobutyryloxymethyl, pivaloyl-
oxymethyl, 1-pivaloyloxyethyl, 1-acetoxyethyl, 1-isobutyryloxyethyl, 1-pivaloyloxy-

20  propyl, 2-methyl-1-pivaloyloxypropyl, 2-pivaloyloxypropyl, 1-isobutyryloxyethyl, 1-
isobutyryloxypropyl, 1-acetoxypropyl, 1-acetoxy-2-methylpropyl, 1-propionyloxyethyl,
1-propionyloxypropyl, 2-acetoxypropyl and 1-butyryloxyethyl groups;

cycloalkyl-substituted aliphatic acyloxyalky! groups, in which the acyl group is
preferably an alkanoyl group and is more preferably an alkanoy! group having from 2 to
25 6 carbon atoms, the cycloalky] substituent has from 3 to 7 carbon atoms, and the alkyl
part has from 1 to 6, preferably from 1 to 4, carbon atoms, such as the (cyclohexyl-
acetoxy)methyl, 1-(cyclohexylacetoxy)ethyl, 1-(cyclohexylacetoxy)propyl, 2-methyl-1-
(cyclohexylacetoxy)propyl, (cyclopentylacetoxy)methyl, 1-(cyclopentylacetoxy)ethyl,

(13



wang resin (0.03 mmol, SO ng) was swollen in anhydrous tetrahydrofuran (1.0
m ) and carbonyl diimdazole (4 equivalents, 0.12 mol) 19 ng) pas g,'aqldﬁgl.
-The 13 J~~';~ 2002 WO 991 31049 PC?/ GH98/ 037T5 -26 resulting m Xt Uf'é ’Wé{g
then stirred awcesvmiest tenperature for 16 hours, after which itpcasp
filtered and washed with tetrahydrofuran, ethanol and dichl ororrtgt hane’.m%ﬁg
resin was then dried in vacuo. The resin was re-swol |l en in anhydrous

di chl oronethane (1.0 m), and S 1, 4-di am nobu]téane ( 10 equivalents, 0.3
mmol ) 25 ng) were added. The resulting m xtufe® was stirred for 2 hours and
then filtered and washed (di nethylformam dc, nethanol, dichloronethane),
after-which it Jegydopentylanetosy)pmpyland 2-seithyl+lacycgpentylaestexy)propy] groups;
anhydrous dichloronmethane (1.0 m), and 2,fi-lutidine (5 equivalents, 0.15

2.0 0 it 1 obens e oy PemSH S ey oty L aGbskiieyoxyr rompn
(ci ot 1 1 or o i SR 8o bak(}t fof] TR kg eiably frop 146 %, BR{mblfietipally

resul ting resinfiyms1tdhe caber dtems) andahé ylitybpet hastfron ¥ do 6f preferatily froth kg 4,and
tri phenyl phosphi ne (4 equivalents, 0.12 mmul, 32 ).. Dde-protected
ani noal cohol 5 ( 4 carbopatams sueh 25 the 1amethexycarbonyloxyethiyy t-ethexxearbenylonysthylykd

s added dr opuPEPOAERPHD MRS RoRpr YAt B, L hudSqipmdRylin,
11t red_and s bgd e yTaHRH k54T Uk ok pebonylnd 0L AURBATBERIrboh 19495

then dried in vacuo. THe resin was then swolTen in diichloronethane (170

m )E and pr o%l ath'ygl,_d -(lS:ItBlempfbrﬁedrbtnm?ct)xwetef_ mﬁﬂ!—?l,]l-&ipn?yll:ﬂex;gdrhagylo‘iy):ﬂayl

m xture was then stirred for our after ich.i i |[tered and washe

(di et hyl f or maniBERYPS ma,lkwarf’eméﬂgﬂmw& Hhﬂhlyéﬁi’ﬁ%h oxy apdalkyl The
; : | Gttt ' . |

resin was 39?' n s'ha{e fbm fjft?@lp%ml 24 ndgtoé‘h%:ﬁﬁﬂtg@%gstug}; PEE}% 2-methyl-1-

di carbonate (107equi val ent's, am nopyridine

(Smol % 25 0. 00 {iSoprapbxycarbdnylpky)peopyl2i(isshropoxycirbenylbxy)propylydsopedpoxyed f or
16 hours. The resin was thmfiltered and washed (dinethylformam de,
net hanol , di chl 6AERBYIREYESthYh trhutoxxearbenydexymethd cmethoxycarbppyloxymetoy] and 49

PCT/ GB98/ 03775 -27.T ' t stirred in 2% hydrazi ne
hydr at e/ di net hyleé'g?(*é%@éﬁﬁ%%rh 6 8t 1 hour and then washed
(di net hyl far mam de, nethanol) dichl oronethane), after which it was dried in

vacuo. Fnoc- Phe- OH cdcleslitieatbonyioxylkyl 2ndeptloalitPlonydarbohidilyalky Eroups i hich
5 0.12 mmol, 39 ng) and diisopropyl et hyl am ne g8 % 0.48 mmol, 62 ng) were
di ssol ved i AS anMerysipalkyl geaumhas Sorni i Ho preferably; ffom 34e 7; easben atomseisypano- or

added to the r eibﬂr- c;m?c and is optionally substituted by at least one (and preferably only one) alkyl

group having from 1 to 4 carbon atoms (e.g. selected from those alkyl groups
exemplified above) and the alkyl part has from 1 to 6, more preferably from 1 to 4,
carbon atoms (e.g. selected from those alkyl groups exemplified above) and is most

20  preferably methyl, ethyl or propyl, for example the 1-methylcyclohexylcarbonyloxy-
methyl], 1-methylcyclohexyloxycarbonyloxymethyl, cyclopentyloxycarbonyloxymethyl,
cyclopentylcarbonyloxymethyl, 1-cyclohexyloxycarbonyloxyethyl, 1-cyclohexyl-
carbonyloxyethyl, 1-cyclopentyloxycarbonyloxyethyl, l-cyclopchtylcarbonyloxyemyl,
1-cycloheptyloxycarbonyloxyethyl, 1-cycloheptylcarbonyloxyethyl, 1-methylcyclo-

25  pentylcarbonyloxymethyl, 1-methylcyclopentyloxycarbonyloxymethyl, 2-methyl-1-(1-
methylcyclohexyicarbonyloxy)propyl, 1-(1-methylcyclohexylcarbonyloxy)propyl, 2-(1-
methylcyclohexylcarbonyloxy)propyl, 1-(cyclohexylcarbonyloxy)propyl, 2-(cyclohexy}-
carbonyloxy)propyl, 2-methyl-1-(1-methylcyclopentylcarbonyloxy)propyl, 1-(1-
methylcyclopentylcarbonyloxy)propyl, 2-(1-methylcyclopentylcarbonyloxy)propyl, 1-

30 (cyclopentylcarbonyloxy)propyl, 2—(cyclopcntylcarbonyloxy).propyl, 1-(1-methyl-



whol e was then stirred for 12 hours, and then filtered and washed

(di met hyl f or mam de, net hanol, dichl ormethane) and dried in vacud.3Th"{ %cz
.resin was added 20% pi peri di ne/ di met hyl fot mam de (1.0 m) and the 10
m xture was stiygemiger 0.5 hour. It was then filtered and washegr/crosn3Trs
(di met hyl f or mam de, MECH, dichl oronet hane) and then dried in vacuo.

Boc- Arg(Phe-OH (4 equivalents, 0.12 nmmol, 63 ng), TBTU (4 equivalents, 0.12
mmol, 39 ng), and diisopropyl ethylam ne (8 equgval ents, 0.48 mol, 62 ny)
wer e dissolved in di rrethylforrram'de (1 O mM) and the m xture was added to

th The 15 I 12.h f I d

washed: (i met hyi BEIREROMACRREIY AR efer ytwe%rﬁ'ax 8&5@@6‘
509 FA/ 45 /. o Ofddhah

\\//\ggugdded to theog}egl?,hﬁgﬁgﬁiﬁgﬂ?naéﬁﬂgms E{Ib ir'iggﬁ?prl 1 hou he re l@(}

was filtered ancetipidndd -adaniandylcarbonydostettryhgroups;. 0 nl ) and the fi Itrate was
concentrated in vacuo. The 20 resulti ng vi scous yellow oil was triturated

wi t h anhydrous diethyl e 3x2 m ield the ti.t c rroound as its
tetrakis TFA salt (1°)§Pﬁjik3$ Wcarbm éylmw%'@z@s EoYhas agingie

ﬁﬁgagggréangg’ \II\I\A otaﬁé& %%svgucht ﬁ%ﬁj%e pr ot ecté‘aa%\m %ﬁwyﬂoﬁ%

N-1- (4, 4-di met hyo 72cﬁ'bdnthmsyﬂidahmbrpbiydeyﬁkefdiﬁkﬂrﬁﬁfltﬂﬁﬁﬂ@iiﬁnﬁﬂiﬁxya

solution of 3-am no- 1-propanol ;ﬂ 20 mmol ) in ethanol was added

ﬁ acetj yl dg(r;gd?mrhonyl%mgeﬂw | anyipxymeting, mtopmtnygactboms

eated to or n SO u on ,WwWas C e .n cuo
to yield a red c‘?ag'/‘é‘t"é( 1‘?)'& ln%ggoxy ?RYA?’%“??&)X F’R Z ﬁ\"ﬁ?’d
an off white Solaﬁdﬁnﬁ&h&,ﬂ PByciSburittie cﬂibﬂ?cﬁdnrﬂ%tﬁ)(rpl AcyelbpentyThethoxy-

syringe was fill uorcnyl net hoxytar bo

benzoyl oxy caobonarichylqxyystiopdyand tiNapclehéxyimethexyopridybayetieyl gratipsr (~31 ny,
0.263 mml/g) and treated 3 tines with 20%p| peridinc in dinethylformm de

ind GG 15 (w2 rEPEHROPRUGRIAIRY 2 Fery S Her iﬁbﬂaé”efneso&zxﬁcﬂ‘ﬂ%
D1 O/ HCBL act | var' e b O By #%W&%E&%E’Z‘? A L el

hours with occasixample the il F(mengjylonycapdnyloxy)etiys, ll-mquenibaﬂ)Mx)t)éthyl
couplings was conplete. After treat rrg'nt wi th 20% pi perjidine_in

di met hyl f onmami d@eqthylgxycashony m&ghylﬁgwalﬂxmﬁhﬂh91@&!%&4%6@9%1-
m) and CHZCi@ <4a&%>étt}1, P‘-(ﬁ-%%%yi%x%ﬁ%ﬁ?)eﬂ%@ ShRSI6ARRORY ok yREtng WRF3-

coupled to

pinanylcarbonyloxymethyl groups;

5-alkyl or 5-phenyl [which may be substituted by at least one of substituents o,
defined and exemplified above] (2-oxo-1,3-dioxolen-4-yl)alkyl groups in which each
alkyl group (which may be the same or different) has from 1 to 6, preferably from 1 to

20 4, carbon atoms, for example the (5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl, (5-phenyl-
2-oxo0-1,3-dioxolen-4-yl)methyl, (5-isopropyl-2-oxo-1,3-dioxolen-4-yl)- methyl, (5-t-
buty.1-2-oxo-1,3-dioxolcn-4-yl)methyl and 1-(5-methyl-2-o0x0-1,3-dioxolen-4-yl)ethyl
groups; and

other groups, especially groups which are easily removed in vivo such as the

25  phthalidyl, indanyl and 2-ox0-4,5,6,7-tetrahydro-1,3-benzodioxolen-4-yl groups.

Of the above groups, we especially prefer those groups which can be removed
easily in vivo, and most preferably the aliphatic acyloxyalkyl groups, alkoxycarbonyl-
oxyalkyl groups, cycloalkylcarbonyloxyalky] groups, phthalidyl groups and (5-



sanpl e. Coupling was achi eved using 3 equivalents (0.025 muvol) of the
carboxylic acid wwth DIC | HOBt activation in CHCh / dinethylf r,,nnlmdg;rm 1
'm | 1 drop). After 5 hours with occasional stirring, ninhydrin Bestd (0

showed t hat theyocomnapdong was conpl ete. 25 After washing with
di met hyl for mami de (2x2 m) and CH-Cl= (4ic2 m)) the 13 ~~~1 SO0 BB
99131049 PGTI GB98/ 03775 -29 conpound was deprotected-cl eaved fromthe solid
support, the resin being pre-swollen in CHClz (1 m) prior to treatnent
with TFA-HBO (95:5, 0.4 m) for 1.5 hours. THe-resin sanple was washed with
TFA-CH=Cls (1:1, 2 m) and then the wash filtered into a vial. The sol vent
was reduced in \gpiituRd3-64ee1 Bakibrbkh A erotpd. in S water, frozen and

| yophi li sed. The conmpound was anal ysed by ES M5 and gave the desired

nol ecul ar ion as the major peak. M Z: (ES+) 448.4 10 Hypoxi c neuronal
damage was studi ed USiRgewir SO PiefedithatRIDRICRATRS and RZareall hytrggerd Pringle A
K. et al. (1996 Stroke 22 2124-2130)]. Cultures were prepared according to
the nethod of Stoppini et al ( 1991 J. Neurosci. Meth. ~ 173-182) from 8-10
day old Wstar rat pupis geBeraily poaferredstharthe graupiZ ismot preserit, i3t mtis @nputovhiere it is
Cul tures were maintajpned.i.n vitraq for .14 days 7C, 5% 15 duti ng,whi ch
t he medi um ( 5 0UPFESTRTIED a8 eﬁ%ﬁymilmﬂméw? %&%‘l‘%‘*ﬂé’é“%@‘%‘&%&%al t
sol uti on (HBSS) féra }hﬁ!ﬁfr i i refeidh t kL

gl ut am ne, 5§rrg/"p s g%l coseogﬂrﬁgl#éakfsﬂr?g?ggﬁg)a%mugpchange’gﬁgeeﬁngﬂa%gi/écm%
Hypoxi a was i ndidstidiry phemilaaning tyrokine; teyptephian ior pheryigiycine; dfewchi¢lSphenytatanine
(75% MFrM 25 % HBSS,1 mMglutamine, 5 ng/m glucose, 1.5% fungizone)
saturated with M@B@@Nﬂ%@@ﬁifﬁlﬁ t hus oxygen-free), and placing cultures
in an air-tight chanmber in which the atnosphere was al so saturated with

N~/ CO~. After 180 m nutes hypoxja, cultures re replated . in _nqnnoxi ¢ SF
medi um and repl aced i#ﬁﬁé"?”ﬁ’bﬂ%g‘f‘&? 0220';,@&!@‘55‘%85%5&4& » PIgtraepl

Yo
| t 1 t h -1 1 H H H . n ||'
Cultures o ner 8 gt "SRR KA 65 B B Al % gt
(1996 Trend3oPhanaaception2Ny substituled by 1 O£ hlkyy preferabBomets], groupd. Examples be

fluorescent exclusion dye prapidiumiodide (PI, 5 ~'g/m) which is normally
excl uded from heuth gspupeincindeithn methylens, ethylens, memyl@gyisgz;d-.@-@s Aamethybr anes

and becones 1.3 .3.:~3 C0 VWO I - | 037275 hi ahl

f1 uor escent \AhePW&W&“&“’B&%"N&g%ﬁgf’gg’}?‘ggﬁﬁgéé%gg‘“ﬁ%ﬁ?%@a ﬁsi ng
the "IJIH | magc phypmeth§leht prsubs, OfHidtome B¥mMbyRAc Basbamealyldnegrodps g i onal
Institutes for Health and available fromthe I ntennet by anonymous ftp from

"nv. ni ~h_. ni hgo generally pesffiéryed. t he area of the CAl, CA3 and dentate gyros
(DG cell lTayers was nmeasured froma transm ssion inmage. 24 hours after the

ol oa i nver 080,11 vor CTeeed coBpERE BRR ArFRAG-VER A8} HGhi i BRERE

The area of Phflfggrge @cted®: above background in the neuronal cell |ayers was
determ ned using the density slice function of Inmage. Cellular damage is
expressed as the percentage area of the cell body layers in which PI

fl uorescence was Qdinmdeid of faimbuds AAft er i magi ng, cultures were fixed

overni ght in 4% paraf or mal dehyde and stained with thionin. Data are
expressed as the neantsem Data fromthe non-drug groups was pool ed before
anal ysis. Statistical NH gnificance was déterm ned usi ng one-way anal ysis of
vari ance ( ANOVA) fol}l\jﬁd by post-hoc nofj-paired Student's t-tests. As only

—
o

cells 15 within the

re ti quxiywvﬂz
all of the HyN N N~

b !




phar macol ogi cal data was cal cul ated for this regi on al one. CXganotyplc

hi ppocanmpal slice cultures were prepared and maintai ned as desct 3bed;lakifdt .

- NVDA was prepared as a 50 mM stock solution in distilled water, and dil uted
as 20 requir edwo99ss¥o49redi um Neurotoxicity was induced by pl acipgr,@ubmgﬁ
in SF nmediumcontaining either 10 E,~Mor 30 ~M NVDA for 180 m nutes. After
this time) cultures were replated in SF-nmedi um and mai ntained for 24 hours
in the incubator. Either 300 ~M L-ArgSp or vaBicle (SF nediun) was added to
the culture medium pre-, during and post-N vmA exposure. Throughout the
duration of the experinment, 5 ~g/m Pl was 25 included in the nedium After
24 hours, neur on@donthaiidier fummlgd®: er m ned by PI fluorescence inmagi ng and
gquantified as described previously. Adult male Wstar rats (250-300 g) were
initially anaesthetised with 4% hal ot hane 13 ~l ~; v 2002 WO 99l 31049

PGTI GB98/ 03775 -31 and subsequently anagsthesia was nmaintained with 1.5%
hal ot hane m xed in 7% NCO in O-. The fegoral artery was cannul ated for

cont i nuous bIoodSﬁifssure recording. Th fenDraI vein was al so cannul at ed
to allowinjecti t . i yeﬁtg&ﬂ)xﬁhyi ;3/3Q\5/pu?e§T£;y
stabilise and were théf injecfed with 0.25M.3 m ~of a lbhg/n1 sol ut™on
of L-ArgSp. Followi ng injection of the conp und rats mere conti nuously
nonitored for 60 minutes. After thi NBjne, Hinaest hesia was term nated and
tats allowed to waken. In these studies, neasurenent was taken of the mean
arterial blood pressure (MABP) i nduced follomﬁng an intravenous injection
of 1 ng/kg L-ArgSp into the fenoral vein of anaesthetised male Wstar rats.
MABP was cal cul ated i mediately prior 10 to injection of L-ArgSp
(pre'i”jeCtiO”).EﬂimﬁﬁmigEgﬂﬂﬁhgﬁd 10 mi nutes post-injection. Data arc
presented as nmean tsem o our observations. Aninmals were anaesthetised as
descri bed above) and a therm stor ind®rted into the left tenporal nuscle
for recording of body tenperature. A|florsal midline skin incision 15 was
made in the neck and using mcrosyrggly, the vertebral arteries were
identified and o po e I
The incision was sed, animals allowed’to recover frdt1anaesthesia and
returned to their cages for 24 hoyrs. Aftler this tine, ganimls were

[ e-anaest hetised and the common cMHgtid & teries (CCAs)Hexposed. Animals
were divided into two groups. Goup 1 received 0.25-0.3 m of a 20 | ng/mn
solution of L-ArgSp (final dose 1 ng/kg) while group 2 received 0.25-0.3 nl
of sterile distjlled ter. Sanples were prepared i ndependently and

random sed prio¢9¥EQW$ﬁ@§§PE§kﬁgninals were injected 15 mnutes prior to
occlusion of the CCAs with mcrovascular clips for 15 minutes. After this
tinme, the skin was thsed, and ani ma alhgmed Ho recover. After 24 hoots

animals were termn y anaest heti se 5 trnnscardlally perfused with 1
% par af or mal dehyde d the brains re ved}?nd p|ocessed for histology. A
bl i nded observe ] e e

CAl, CA3 fields cell |

cell layer fron1haenaté%ylln and eosin I5tai ndd corlonal secti ops.
2~~2 WD 991 31049 -32 RESULTS PCT/ GB98/ 3775 After Ha days in’%itro,
organot ypi ¢ hi ppocanpal slice cultures ret{{ned nmuch of the structure and
nor phol ogy of the in vivo hi ppocanpus. imically, clearly identifiable 5
pyram dal (CAl1 and.CA3/4) and dentate gjros dgranule cell layers were
visible in thionin stained sections. NewoO appeared healthy) with | arge,

| i ghtly-staisned nucl ei surrounded by intenSely-staining cytoplasm (Figure 1
). 24 hours after 3 hours hypoxia, Pl fluorescence was detectable in the
CAl region of the pyramidal cell layer (35.6 t 1.43% danage, n=108), with
little (but not 10 statistically significant) Pl labelling in either the

3, ~U~~~

CA3 pyram dal cells (7.1t1.3% or dentate granule cells (3.9 2.9%. Little-

Pl fluorescence was observed in untreated controls maintained in serumfree
medi um for 24 hours. After thionin-staining, control cultures were

i ndi stinguishable fromuntreated slices) with |arge, healthy appearing
neurones. In contrast, in cultures exposed to 180 m nutes hypoxia the CA3
pyram dal 15 cells.and dentate granule cells appeared normal, but cells in
CAl had snmall, darkly staining, pyknotic nuclei with little visible
cytoplasmindi cating neuronal death - as shown in Figure 1. Figure 1 shows
Pl fluorescence inmages of untreated control culture (A) or culture 24 hours
after a 3 hours hypoxia (B). No PI fluorescence is detectable in the
untreated culture, but intense staining is present in the CA 1 pyram dal
cell layer of 20 the hypoxia-treated culture. (C+D) Corresponding

thlonln st ai ned sectlons of CAI reglon of the cultures shomn |n A+B (C)

o L 1 - 1 o, N 1 I N T I N o, =

NH,

(X3



After incubation with 300 ~M L-ArgSp for 24 hours, no increase in P
fl uorescence above baseline was observed. Addition of 300 ~M L-4A¢gbp 3@3230
.mnutes prior to hypoxia, during the hypoxic episode and the 24 hoWw'
recovery periweégbasoqe 13 J—~—~J 2002 WO 99f 31049 PCT/ GB98/ 03775 pCFA=B9ISN3TTS
conpl etely neuroprotective. Pl fluorescence was detectable in 0.20.02%
of CAl (n=12, p < 0.001 vs hypoxia controls). In thionin stained slices, the
neurons were indistinguishable fron1those<i}gunreated or control cultures.

When the addition of the L-ArgSp was del ayed until inmediately
post-hypoxia, a 5 significant neuroprotective effect was still observed.
Thi s was conce t (0.3-300 E~M, with the ECSp |vying

bet ween 3 and = e damage observed in the CAL subfield in these

cul tures was~reduced (see Figure 1, Table 1 - shown bel ow) denonstrating
that delaying the agdition of the compound did not significantly reduce the
neur oprot ecti ve effgacy. 13 JANNER002HWO 991 31049 -34 TABLE 1

PGT/ GH98/ 03?75 Co dn% Damage % Ipr ot edt i onCont r ol Hypoxi al10835. 6

1. 43(A) L- ArgSp¥B00. r oY NG (AN ATSp A0 e, o2
3.5***72.2(2l') D ArgSpy;(300pM §32. 6 ﬁ L- LysSpNESOOM 1627.0
~3.7*24.2(2Z) D LysSp (3001436 3t nSp (300Mj31230.6 f

3.814.0(Z3) DO nSp (300M1136.71 t 3.20L-Arg (300M 1138.S 4.00D Arg

(300M 1032.7 7.08.1Sperm di ne (300~ 12 ~34.2 5.4 ~3.9 Table 1
represents the quantification of the ‘pefcentage area of the CAL pyram da
cell layer in whi ch Pl fluorescence méﬁ det ect abl e 24 hours after 3~ hours
of hypoxia (%5 Danmage CAl). Data fromall of the cultures exposed to
hypoxi a al one were pool ed (control hypoxia). The percentage neuroprotection

was cal cul at ed 0 ge control hypoxi a-% damage drug treated)/ %
damage control . ta are expressed as the neant sen) n =
nunber of cultures, *p<0.05, **<0.01, ***p<0.001 vs hypoxia control. 1~

.~~."; 1 2002 WD 99f {4,049 PGI/ GH98/ 03775 -35 To determ ne whet her both the
sperm di nc and argi fli nc conponentshpof Bhe LOArgSp were essential for the
generation of the roprotective ef f edt, al sa assessed the effects of
post - hypoxi ¢ ad#Xi on A ~ ,gf\m\pe/\@/t%r
,sperm dine nor L-argin ? a reduct”on i n danmage 5
(see Table 1 ). These t isynecessary g o have a conpound
havi ng the structure as defined ﬁf:%g,\ such as a conpound prepared by

ne i ndi vi dual
ata indicate

y prpduce
hat

conjugating L-arginine with sper dlme\> for the neunpntective eff racy.
This result is in ctontrast to theXfnoNngs of WD 91/00853 wherein it is
claimed that spermdine directly bl ocks# cal ci um conductances. Wth our
present work, we have shown that purified sperm dine has no 10
neuroprotecﬁlvdlnﬁﬁmnﬂsﬁﬂmnnﬂtﬁassay At this stage, we believe that the
di~"erence is attributable to the fact that in WO 91 /00853 no purification
was attenpted with the spenni dine and so one can only postulate that the
sperm di ne used wasYfnpure. Wien the arginine residue was replaced with the
rel at ed carbanoyuegAFSs | ysi ne or"™®5 ofnithPne, the neur oprotective

efficacy of they SpWﬁﬁ,
| thefl oFN300

neuroprotective efficafy S
L-1ysinyl spcrm dine (LHLysSp) i medi|at el postlhypOX|a ptoduced a smal |l but
in tht CAl regi 8n (see Table 1).

significant reduction in Pl fluores®nc
fspernidine (L-OnBp) produced |ess

Post - hypoxi ¢ addition of 300 ~M L-on
of a significant 20 reduction in damage,



Substitution of the L-carbanoyl acids with their respective D-enantiongrs
produced a profound reduction of the neuroprotecti ve efficacy b6 thd 002
-conpounds relative to the L-enantioners, as addition of 300 ~M D- ArgSp,
D-LysSp or D QuoSpafmast 25 hypoxia did not result in any observedt/©B98n3TIs
reduction of Pl fluorescence (see Table 1 supra). In addition, cells of the
CA 1 subf eld appeared wi th shrunken, darkly-staining) pyknotic nucl ei

i ndi cati ng neuronal death. These results cleaply denonstrate that we have
found that L optical activity is inportant for neuroprotective eff cacy.
Hence, ~ ~ Ju .;~J 2002 WD 99r 31049 PG t/ GB98103775 -36 highly preferred
conpounds of thgoffpeandof forwmid Hon have L optical activity. Furthernore,
and in direct contrast to the teachings of WD 91/00853) we found that
substituting |lysine for arginine (conpound A and B) reduces the

neur oprotective actimm but does not reverse it. 5 Figure 2 presents an

hi st ogram denonstrat ng t he conceni®at i®bn- dePendent neuroprotective effect
of L-ArgSp (0.3-30 when added i medi at e

is expressed as Hhe peﬁ% ;
was neasured 24 hours fgpllowing thre
(***p < 0.001, **p < 0.01, *p < 0.5
control. n=14 0.3 ~-M n =7 3 E,tM n=14 ~M n=16 300 ~. 24 hours after
180 m nutes exposure to 10M NVDA, PI fl #scence was detectable in the CAL
subfield of the pyram dal cell |ayer,--but not other areas of the 15
cultures. Increasing the concentration of NVDA to 30~tM produced a nore
severe insult, Qopdposndinf formakal: neur onal damage occurring in both the CA
and CA3 regions of the pyram dal cell layer, but with sparing of the
granule cells of the dentate gyrus. Addition of 300pM L-ArgSp to the nedium
t hr oughout the experiGrent did not reduc® the damage produced by either 10M
or 30M NVDA. Figure ﬂ shows a hi stogran{20 denonstrating the | ack of

ncuroprotective effigacy st W&qte ur i ci LtHHy
is eNpresstd as e pertent age area

when added post -HINDA.
CA3 (h tchedlbars) i n whijlch PI fluorescence

e

ypoxi a (% Danmage 10 CAT).
rol shypoxia (agontrol). n= 108

of either CAl (solid bar|s) or
was neasured 24 hours affer 180 mi nuBz exBosure to NMBA (neantsem n=8
for each group). 25 vii~,BloQd flow studies The results of these studies
are presented in the Table 2 presented bel ow 13 ~' ~; . J 2002 WD 99l 31049
-37 TABLE 2 $GT/ GHO8f3lrees, tie Fommrerndshfiipmmuelada iy EoF eGi Hjand d iamespedally 3. 930

sees72.2 t 5 1-9.610 m.nuytes -79. 2 6.5-0.9 e.bl ood pressure .recardi ngs
were nmade 60 ni R %?dgh%lﬁm%‘i"é‘?? Pi(.){?,mfl%éaf'%ﬁ&ey’%@%erpocféﬁé&l’ra&g lﬁ%@"mp"g“d
wakened, were i gefdmnaRl A beinkHsse preferfddnut €s post-drug adm nistration. 5 The
smal | reduction in MABP produced by L-ArgSp was not statistically

significant. No effect on either body tenperature or heart rate occurred in
these ani mal s fol | owhigoraBennds of thetresenionventiongmay bepepased hy 2wareiofg, no

1 effects of fur%%es%gmgl%gfjinqﬂcr}mpc?ves, are well-known in the art. Alternatively, they may be
10  prepared by the following procedure:

Wang resin (0.03 mmol) is swollen in anhydrous tetrahydrofuran (1.0 ml) and
carbényl diimidazole (4 equivalents, 0.12 mmol) is added portion-wise. The resulting
mixture is stirred at ambient temperature for 16 hours and then filtered, after which it is
washed with tetrahydrofuran, ethanol and dichloromethane. The resin is then dried in

15 vacuo.

The resin is re-swollen in anhydrous dichloromethane (1.0 ml) and 1,3-
diaminopropane (10 equivalents, 0.3 mmol) is added portion-wise. The resulting
mixture is stirred for 2 hours and then filtered, after which it is washed

(dimethylformamide, methanol, dichloromethane) and then dried in vacuo.

(13



ani mal s was observed. A further five rats have been allowed to recover for
three days followi ng administration of 1 nglkg L-ArgSp and no | drig-tér @2
-behavi oural def cits 10 have been observed in these animals. viiil -Arg~R
re~dLCes neur omelesgmamge fol | owi n~, gl obal forebrain ischaem a i PCT/GB9803775
Fifteen mnutes gl obal forebrain ischaema is a particularly severe insult,
produci ng neuronal damage throughout the hippocanpal formation. Wen
assessed 24 hours after ischaem a, aninmals whijch received vehicle alone
showed a neuronal loss in 15 CAl, CA3 and the dentate gyros with severity
bei ng regionally dependent (CA1 > CA3 > DG . In animals treated with 1

ng/ kg L-ArgSp 15 m Mhkeesipis apain re-swolles in athydfous didhersinethahé €1.0enly @il | 0ss
was significantly attenuated, particul arlﬁ in the extrenely vul nerabl e CAl

region. This daRé-lusidineddrenpwalents, &:il§gmmaol) isgdded, folewed by, the qarefuladditian of

denonstrating t rcent age neu e

hi st ol ogi cal I y) B(‘O‘/@'ﬁ“&g’ BEFtesH] °6’P{L%’§9‘°ﬁ’§° @2?% éﬁ‘ ﬂgtz H‘é‘°§eﬁ?‘5f’é”‘8&¥? Bstirmsg,
of both vehicle h&2T6r2 Réts knd¥he® b ah
bars). 1 ~ ~I uhdéHnifert 36dsPh 8 a2 Hois bnd\HGh el iRt ?f@%" Snéhgi,
*P<0. 0S vs vghi dichidromathade)emdtdnet $7 vatawoa r epr esent s neansem n=5 eontm,
n=7 L-ArgSp). Using solid phase chem stry t echni ques we have synt hesi sed)

anong others) 5 arginyl spcrm di.nc. e sho at t d.in
particul ar the L-endff %Pgrﬁﬂgé%@%?'gﬁﬂhﬁ W“ﬁ%?gﬁﬁ?wae&@h‘@acy,
even if the addi H,gﬁ,? ﬁ{""

term nati on of th#ﬂ%ﬁy%om C ccqgr%g Eaé&ata rmnsHozltﬁcZJdt atB E%h% t‘rpounds
of the present ieguiealens0. Mlaimdiy)mradded aridbdissodved-witinétirring.d Diethplazadicarbons/iite
i nked to the above-nentioned second conponent 10 via an am de _bond - such
as_conj ugat ed sb‘bF‘Iﬁ‘mlF@s-aﬂin mmgl}yis added drapwissand themixgure stirred ford2dpurs and
PG R L A D
t he conmpound of jtibared Bswddtiol Nvention, in particular L-ArgSp, is nediated
through a receptor site which requires the presence of both the first and

the second conponents in the same nolecule. 15 Substitution of L-arginine
with L-1ysine (L-Ly3BpYyesinisdhen s{\’mlke in dichigrerapthang (1,0 mi)i and propydarhine (5

conpounds. However the |V|t un ot a a

that for L-ArgSH? ’s@g% Q#PEGe%‘ugm‘ ‘?ﬂﬂfﬁt’?@#c!t‘ﬁb‘ﬂ‘&‘ﬁt’g“‘%éé"@
desirable for Omﬂefealana%ued oantaemytfmtanqaa%em&ﬂ tdléiﬁéfbnﬁﬂ%@ﬁ:ﬁtd@lh@#&ﬁed?&n
take its place relatively successfully. 20 Itis currently bel i eved

therefore that aaduwoghly preferred feature for activity is the relative
spatial positioning of the termnal positive charge on the gu~nidini um or

anmoni um i on and t he. al carb

relative | ength of ?Her%Pdles a?%’al%@ﬂa%g{élgelofégéetgﬁc 90%#9ﬁ%§%%gt'gﬁy P’%ﬁ‘a’toﬂaw
going from Arg {10 égivAléntIUB MAsbIFaHIAe N-ainhdiiflaimiiRdpyRdine (' fiv1 %! 6.00BPiimd]) Of
exhibiting a bi-functional binding 25 ability. Also, in a highly preferred

enmbodi nent of t Bee 3sded.ehbe isthemmixsure sntrcéticp'el&rtpumaxhetmsnm than fidtersdtapd

appears to be stereospec iri rba aci,d, to belntheL
1321 -3 2002 WS E sty Forgtaftds. chelfirot 2R e e R dney e Hpee
activity. Both D-ArgSp and D-LysSp were inactive relative to their
correspondi pg L- enarrhe ¥R & then stirred in 2% hydrazine hydrate/dimethylformamide (1.0 ml) for

1 hour then washed (dimethylformamide, methanol, dichloromethane) and dried in

D

yacuo.

Fmoc AA (4 equivalents, 0.12 tnmol), TBTU (4 equivalents, 0. 12 mmol), and
diisopropylethylamine (8 equivalents, 0.48 mmol) are dissolved in anhydrous
25  dimethylformamide (1.0 ml) and the mixture added to the resin. The whole is then
stirred for 12 hours and then filtered and washed (dimethylformamide, methano),

dichleromethane) and dnied in vacuo.



The bl ood fl ow data show that the conpounds of the present invention, in
particul ar the Conmpound of formula A have a | ess adverse effect1(§n ;t}i.lomz
flow than 5 FTX. The procedures of Exanple 5 were repeated, but u if‘1§' v

di fferent dosewodfsateddor esh batch of Conpound A (pdp). The resul perigdsAsREN
in the follow ng Table 3. Conpoundn% Darmage CA1% Pr ot ecti onNone ntro

~i ypoxi a) 5023. 92. 70. 3~t M Conpound A pdp820. 2g. 415. 51pM Conpound A

pdp820. 1g, 2~ 15. 93~M Conpound A pdpl56. 53, 0*%542. 8] O~t M Conpound A

pdp78. 83. 9*63. 230Et M Conmpound A pdp87. 34. 2*65. 9300pM Conpound A
pdpl68. 03. 0**~ 66.5 10 *p<0.05, **p<0.01 - The procedures of Exanple 5 were

repeated, but usingTy@d fRsin iS adTA\ 2096 pipefidinedirhétByiféraianade ¢1.6.mly and the mixture
substitution at the a-ami no group. The results are shown in the foll ow ng

Tabl e 4. 13 Jis'stifred 6@x20. §\bogoangitberofiltered paiwasied (dipwersyl ormamidel metiBmoh g e

CA1% Pr ot ecti onNone oxi.a)2527.53. 2- 30Q~M NaCBZ- Conpound A

prell9. 34. 3**66%112{3118!'}7(&‘%&&% tﬁ%&éﬂ!ﬂ‘z@m. 3**54. 9None

(Hypoxi a) 572| . 32. 4- 0. 3~M NaCBZ- Conpound A post816. 67. 222. 13~. ~M

NaCaz- Compound A pOgbd Al dialesis - 19VhBHBER FOTH QB atbms, 0. 12

post 1414. 84. 530. 538%pM e Conpotind A pos ’149%3?7557?7Nohe 12 mmol), and
(Hypoxi a) 3320. 3diisépripyidthyamiret (§eqtivaients)0l 48 numal) ark@istéived 48 dithéthylformamide

Naacet yl - Conpound_ A_post 2016. 33. 118, 5None (Hypqxi a).4926. 84. 1- 300pM
Nabenzyl - ConpouieP ﬂl)(ﬁ@ttBB?’HW“?S‘.‘efi\gM%@; Qﬁ‘eﬁé@?@ﬁ thesystirred for 12 hours

benzyl oxycar bon - i a
conpound (PyrAla @ﬁ?ﬁ%%@ﬁ%&a@%@ﬂ%ﬁ%%gﬁéﬁ%# ﬁ:‘é‘gﬁﬂg&
pyri dyl al ani ne. wiieB if ie deilel 317 $dcios hown 13 J! ~'";J 2002 WD 99131049 -41 in
the follow ng Table 5. PCl'/GHI981i 03?75 Conpoundn% Damage CA1%

Protecti onNone (Hypoxia)4028. 42. 3-300~M PyrAl a3, 4 post . _729.93.'7-5.3 It
can be seen that th5%%Egmmchia@nmm&fi%az%&emxsmopylsm.(lsnn)es

procedures of Exanple 5 were repeated) but usi n]g ei ther Compound | (in
whi ch the aiOgi nadded ¢ thegnsin andthe mixture iy stiseed for T Boury Jiheiresiy 1shiltered and washed

in which the argihi.n | i . 4) ... The
results are sho‘&htﬂﬁhcﬁ%ém?ggﬁ %Q@M%ggkﬁggfgﬁ%%ﬁﬁ% %ﬁ%’géﬁ%}élmg ‘
Pr ot ect i onNonc ikbtueyeRov623s BitutcdOOM Saividesis didthylemief {x20Mm1) 45 59638 theM

GLln3, 4 post819.86.514.7 * p < 0.05, It can be seen that, whereas Conpound |

exerts a signi ficquined gamepaaddi ve effect) GIn3, 4 has no such effect 13 ~; ~
~~ 2002 WD 991 31049 PCT/ GH98/ 037?75 -42 ExanDl The procedures of Exanple 5

were repeated, but gﬁgﬂgjﬂg QF{he(EB Bgﬁn}&; O@ﬂ%riggm%%ggguﬁo&e-gﬂ;{yggﬁg 1d ;n%uto

Compound A but in whi cisate hyl'ene grou a nber
of carbon afsonBadtiRitils Muekrdted inSth aéedhipangihg nbhainkififig bkfnFlee HNAYR exBmble?,
the follow ng Table 7. Conpoundn% Damage CA1% Pr ot ecti onNone

(Hypoxi a) 1527. 7the follyope/mblrepi@tions ate peest 8, 12. 13. 5**56. 3300pM Ar g4, 4

post 726. 72.13. 6

Arg arginine;
Boc t-butoxycarbonyl;
DIC di-isopropylcarbodiimide;
20 EDT ethane-1,2-diol;
) Fmoc N-fluorenyimethoxycarbonyl; .
HOBt hydroxybenzotriazole; )
Lys lysine; -
ODS octadecylsilane
© 25 Om ornithine;
Phe phenylalanine;
Pmc NG-Z,Z,S ,7,8-pentamethylchroman-6-ylsulphonyl;

RP-HPLC reverse phase high performance liquid chromatography;



** p <0.01 It can be seen that, whereas Conpound A exerts a significant
protective effect, Arg4,4 has no such effect. 10 CONCLL1S10N OF EXAlVﬁ’Lﬁzl n
-sumation, a nunber of sperm di ne (pol yam ne) based corrpounds

synt hesi sed uswg®9di10a9vel solid phase approach and eval uat ed fOPci‘mlyﬁ/osﬂs
protective effects agai nst hypoxi a-i nduced neuronal damage in hippocanpal
slice cultures. The neuroprotectivc effects of 300 ~M L-argi nyl sperm di ne
were dramatic with conplete 15 protection bgﬁ'[ ng observed when added.

pre- hypoxi a. Wien added post hypoxia) protection was observed in a
concentrati on-dependent_manner with substantial protection ( > 70% at 300
~ Mwith an EC 50 of fridw 3-30 pM wiflaareaceic 868 ni di nc and L

ornithyl sperm di ne were al so protective, although to a | esser extent than

the arginyl spermdine. Significantigg mmms of all three
conmpounds were 20 substantially less aCtive (17 at a i n providing

neur opntective activity than the L 13 J~~~~ 2002 WO 99I 31049 -43
enantioners. PGI/ GB98J03775 The amal ganaifxamplé 1sol i d phase/ conbi natori al
chem stry and in vitro nodels of neuronal damage (c.g. ischaem a rel ated
damage) pnvi de an excel I ent rreans to synt he5| se and I nvestigate | arge
nunbers of pot pli-Arginy it 8 2 ROIIRIBALY Thi s approach presents
the possibility of the generatlon of corrpounds whi ch may profoundly

i nfl uence the treatnent of eu Io i.cal e such as that
occurring alter st Pdé@SOf]Yg% T’E %32( ~benzoylpxyqarbonyl-fl -

substantially pure conpound, havi.n "ener forrrul 1) PGI/ 3898/ 03775 O
Ra C*H Cl --N RBENgNY FM)J‘]%\{RE‘R%N&% W%%Péé‘)éﬁ la?“a i e?a
group, a cyano 6‘/06795 u%%@%&&’iﬁeﬁ&% ?%Na%xd@eﬁfe xﬁ%lﬁl Lﬁl?ﬂx%ﬁ”e

or different, and eac may represent ydrogen atom a | ower group,

or a sinple hetreated agdimwitng ml of ag0y%rdvolation bbgpuﬁdanemdxhaaﬁwfoﬁnhm&tg%ra
atomto which they are attached, form.a nitrogen-contai ning heterocyclic

group; 10 Ra r &pthesdRmainutest Apthsiend of this umenthy resimwas ﬁltwyd andweshed) Jethgl ene

group havi fro .subst,i tuted

oy T rom 1 16 o8By 1§ &F BithechfaBiide, 836610 phd GREN Gice, Bibe e
with 10 m] of methylene chloride. Fmoc-Arg(Pmc)OH (0.1027 g, 0.154 mmol) was
dissolved in methylene chloride (9 ml), and then HOBt (0.021 g, 0.155 mmol) was

(

e

added. After 10 minutes at room temperature, N4-(4'-Benzoyloxycarbonyl (1'-phenoxy)

ethanoamido resin)-N8-t-butoxycarbonylspermidine (0.1032 g, 0.031 mmol) was added

15 followed by DIC (24 ml, 0.155 mmol). The mixture was gently stirred at room
temperature for 20 hours. Following a negative ninhydrin test the resin was filtered and
washed with methylene chioride (1x10 ml), methanol (1x5 ml), methylene chloride
(2x10 ml) then dried under vacuum. Fmoc removal was carried out as above. N1-
Arg(Pmc)-N4-(4'-Bcnzoyloxycarbonyl-(l'-phcnoxy) ethanoamido resin)-N8-t-

20 butoxycarbonylspermidine was deprotected/cleaved using TFA-phenol-water-
triisopropylsilane-ethane-1,2-dithiol (EDT) (81.5: 5: 5: 1: 2.5 by volume; 2.5 ml) for 5
hours at room temperature. The resin was removed by filtration through a Pasteur
pipette containing a tight plug of glas-s.wool and washed with methylene chloride

(4x4 ml). The solvent was removed in vacuo, the residue dissolvcd- in CH3CN (1 ml)

25  and poured into cold diethyl ether (25 ml) to give a white precipitate which was
separated by centrifugation. The supernatant was decanted and the solid resuspended in
diethyl ether (25 ml). The solid was again separated by centrifugation and the procedure

repeated twice. The product was dissolved in water before freeze-drying. The product

(13



Rb and R each represents an al kyl ene or al kenyl ene group having 3 or 4
carbon atons in a straight chain, each being optionally substituf@d}y 2009r
-2 al kyl groups 15 each having from1 to 3 carbon atons, the total nunber of
carbon atons iwosgsm4strai ght chains of Rb and R being 7, R2 angi~-épet/srede
sanme as or different fromeach other and each represents a hydrogen atomn
or a group of formula R, RCO, ROCO, or RNHCO, where R represents a | ower
al kyl group or an aryl group, said alkyl oraryl group 20 being optionally
substituted by one or nore of the substituents a, defined below . 13 JLN

2002 WO 991 31049 PCT/ GB98/ 03775 -45 the chi ar ho tom.indi cated by the
asterisk is i n(l%ﬂ@%ﬁﬂﬁlqmdmﬁzsibiwnﬁkm%g serraucallyyidh e

nisOorl; RI r s ydrogen atomor a |l ower al kyl group or an aryl
group, said al Féﬁﬁpé§gﬁ9$ group being optionally substituted by one or
nore of the substituents a, defined below, Wrepresents a hydrogen atom or
an al kyl or aryl group; and substituents Exagniglegel ected from hal ogen
atons, am no groups, al kylam no groups, dial kylam no groups, cyano groups,
hydr oxy groups, al kyl groups (except when the 10 substituted group is

al kyl), aryl gCoumpm i CFA, Zgra 3 al kyl car banoyl groups,

di al kyl car banoyi groups and carboxy groups and esters thereof; and

pharmaceutically acceptable salts thereof. 2. ounds accordin o, Claim
i ng. the T or mIPesK GompomsAashers BIERERInS: RAILEDSS RAREsT Sme FRSe TSl

la) 15 wherei b 8 ] [ .
(Corrit)ounds accopﬁﬁgﬁﬁ%oﬁ?’afﬁfof%ﬁhav r?gétxxgarpgx?}qnhﬁgi'o f ?‘g')mml@' %%5@‘%6@ WO
99/ 31049 - 46 PGHoRAMGRTVindFin6-DEO(Bboutoxy Ghingl), espebtifelyNH Ro-NH (1) x ~
Zn ~ ()Y 2 YRS R3 R1 R- wherein: _._ X Y, Z n and Rl are as defined
in daiml;, x is an integer froml to 5 5 vyis3or4d R4, R5, R6 and R~ may be
the same or di ffer&QMA’rﬁﬁJEMﬁéﬁfﬁents a hydrogen atomor a lower alkyl
group; and

n!.] ! : - ] 3 ’- [C ! ﬂ [[ l !]

10 8H (300 MHz, D,0): 3.86 (1H, t, J-6.6, Arg alpha-CH), 3.28-3.02 (4H, m), 2.95-2.78
(6H, m), 1.98-1.70 (4H, m), 1.68-1.40 (6H, m)

5C (75 MHz, D,0): 173.1 (COOH), 159.6 (NH=C(NH-2)NH), 55.6 (CH), 49.6 (CH,),
47.8 (CH,), 42. 9 (CH,), 41.4 (CH,), 39.1 (CH,), 30.8 (CH,), 28 1 (CH,), 26.5 (CH,), -
26.3 (CH,), 25.4 (CH,)

15  M/Z: (ES+) 302.3 (M+H)", 416.3 (M+H+TFA)".

Nl'n ! . l . I. [C ! le

5H (360 MHz, D,0): 3.78 (1H, t, J-6.5 Arg alpha-CH), 3.32-3.04 (4H, m), 3.03-2.83
(6H, m), 1.87-1.69 (4H, m), 1.68-1.55 (4H, m), 1.54-1.42 (2H, m)

a

8C (95 MHz, D,0): 53.8 (CH), 47.7 (CH,), 45.9 (CH,), 41.1 (CH,), 39.5 (CH,), 37.2
20 (CH,), 29.0 (CH,), 26.2 (CH,), 24.6 (CH,), 24 4 (CH,), 23 5 (CH,) _

M/Z: (ES+) 302.3 (M+H)", 416.3 (M+H+TFAY)".
Il"l l . l . r [c I [[ l B]

8H (360 MHz, D,0): 3.84 (1H, t, J-6.6, Lys alpha-CH), 3.23 (2H, aft, J 7.5), 3.09-2.80



-the chiral carbon atomindicated by the asterisk is in the ~ configuration.
4. Conpounds according to any one of the preceding Cains, in whixhi? gggz

[

-represents an 10 aromatic amino acid residue in the ]~-configuration.
Nnn-t oxi ¢ conwowadsedof formula (1) as defined in Caiml. 6. NearigBoso377s
conpounds of formula (la) as defined in Claim2. 7. Non-toxic conpounds of
formula (Ib) as defined in daim3. 8 A conpound according to Caim1l
which is: 1 ~ JU~I 2002 WO 99r31049 NH PN i -47 PC T/ GB98/ 03775 9. A
conpound according to Claim1 which is: OHN NH2 N5 10. A conpound

according to | i e g Ay gaN ording to Caiml
whi ch i s: (Wg%§%4@4ﬁgm?§ﬁﬁ&m?), kg%gpn’ggl%qggcordi ng to daim
1 which is: NH NHZ H 13 JUN 2002 PCT/ G198/ 03775 H2ZN ~ NHZ N H H 13. A
conpound accvIMZL:NESH 274 iM+H)NU10IB (MHNMNTFAPR. ~ O ~N ~ N NHZ "N NH H H

IP'D'I * l . l. [C ' z2]

§H (360 MHz, D,0): 3.84 (1H, t, J-6.5, Lys alpha-CH), 3.23 (2H, aft, J 7.5), 3.09-2.84
5 (8H,m), 1.90-1.74 (4H, m), 1.73-1.50 (6H, m), 1.40-1.27 (2H, m)

M/Z: (ES+) 274.3 (M+H)", 388.4 (I;;+H+‘I'FA)’.
N'J-Ornithy] idine IC L of

§H (360 MHz, D,0): 3.94 (1H, t, J-6.6, Om alpha-CH), 3.31 (2H, aft, J 7.5), 3.18-2.89
(8H. m), 2.08-1.80 (4H, m), 1.78-1.52 (6H, m)

10 MJZ: (ES+) 260.3 (M+H)", 374.3 (M+H+TFAY".

8H (360 MHz, D,0O): 3.88 (1H, t, J-6.6, Om alpha-CH), 3.23 (2H, aft, J 7.5), 3.10-2.80
(8H, m), 1.98-1.78 (4H, m), 1.75-1.50 (6H, m)

M/Z: (ES+) 260.3 (M+H)", 374.3 (M+H+TFA)".
15 HPLC ANALYSIS

The compounds of the present invention were analysed by HPLC. The results
showed that the compounds when made by the preferred process of the present invention

were substantially free of original reactants.

20 Arginine-L-phenvlalanine- idine: C L of f e

‘Wang resin (0.03 mmol, S0 mg) was swollen in anhydrous tetrahydrofuran
(1.0 ml) and carbonyl diimidazole (;1 equivalents, 0.12 mmol, 19 mg) was added. The

131



5 H 14. A conpound according to Caim1 which is: 1 ~ JUN 2442 -49 NH
NHZ HOI1iZN NN~NHHNHZ NH 15. A conpound according to Cla ?éﬁ ?ngq'l
-is: NHNHZ ~ 0 HZN ~ N~-N NH H H NHZ 16. A conpound according t

which is: 5 0 wo/9931049NH2 H2ZN H NH2 H H 17. The use of corrpoundpacmyghm5
to any one of the preceding Cains for the manufacture of a nedi canent for
treating a mammal to protect said mammal fromthe neuronal damage caused by
an ischaem c event 18. Use of a non-toxic cogpound as clained in any one of
Clains 1 to 16 for the manufacture of a medicanent for the treatnment of a

manmal to protect said mamual .fromthe neuronal da sed by an.. . .

i schacni ¢ eventeSultipe FXTUTe a5 then SHTsE atam '%?t(l}(:t @%ﬁ?m#ﬁ‘ﬁmhftoxi c

conmpound to s t

CAul A A AL %Agﬁ%fn g%%ﬁgdAwaﬁ et gdrofitea oy edd! *@C&aﬂmﬁﬁ?‘@l\ﬁ‘%’&"&\‘ W\

(YE. AY. A@ AF; Gvé$ Beh dried AFdycub3R. AN AS AN( A@@A f.AN. AF, . Afy. AlR ANY. A;

. Aa. AN?, . A. AhYr. A(. A AFa2 . AU p: GB8745 8C

T7(T#. #. 790|~>7°8|??????????????7?????>°>°>9797979797708 8 ﬁ<x<|<|<|<|||H
mefhspe (LO S5, <] <| 5| -

PR Sl ih—#wb@ﬁkﬁba@ﬁ@%@%@%i’? W@ﬁ%ﬁ%@é@ﬁfiﬁﬁéﬁ}ﬁﬁﬁiiii

- 3 Ct45 C mixture was stirred for 2 hours and then filtered and washed (dimethylformamide,
Lt (t#. #. 222| 227222222222222725>~>555555>53>>5>>>>>>SSSSX XX XXX X 2~22222222?2722727

2p?722222222727 ietaapl; dichloromethpng),-afterwinich 8 wWos drind inMacup.<x| <x| <xx>xx>8x<8x<

8x<8x<xx<xx<x|<x|>x|<xx<xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx>xxxx>xx<xx<xx<xx

XX XX >XX>XXXX8X>8, 89>8 <BPSXPISX PEXXN>KX >X X >xx> >XP< XXXXXX

XXXXXXXX?XX??XXP?X SP rﬁp %%Bb %§%§b §§3§Bé§ §@§§ E&Q%@if@ XXX]| ??

???????????8’>'>faaaea*ae?faamaaa?wyﬁa?mmgma%aaeﬁa?ae&?ef&w&%ﬂx'>x'>x
0:

9<xx7xxx79xx7xxx~7>>>>>9?p79?p

44 4#. #. 770 >°W¢f&+ﬂpmvpmwmfwwmnpm ¢quivatems; 07) 2mmol 32 ingk xR |
RERERE! xxx>x>x>x>x>x>| >! >>>><<<<<<<<<<<<<<<<<§;}_ <<>>>> >>>>>><<<?????????<
2222222222272 7BPFYIEINap SRS WBo% AR Iner, 3ENOsPReTS S0z Lk @E‘Z‘F‘H’ Mashed <>~~| <<<>~

el LT bl tbbhdriies, methans, m~mo+dr.hda?£,%md>&?ea>a%aa,>0>>>>>>>u

CC( CH. #. ~| ~>p| | ?2~~| ’>>’>| >| >| ’><~’><’>’><><<<<<~'><| ?27<| ?| ~2<~2?<| ?2>?2~2~2" | >222?2° 2?2

T1( 1%, #. 7777~ pbenyinhosphins 6 s valenss. 0y KDyl 3 me) Dde prosestadamiposlsshol 4.

A <<<<<<<<f5<<<§qszfﬁ?ﬁ?m51%?éb>xﬁ jWere adde é’xé’sofve@?v?xﬁ?&i%’%ﬁ”ﬁ"&hj<°| ~~?-

~m e P e K~ X KX LXK <&<<>X<~X<’X<<< <<<8<X< < <X<X<X<X<X<X<X<X<X<X< X<X <X|

<XX <X X <X X <X X <xazodicarboxlylaty (4<gguivialentsy B{lzmmp] R&inpg)|was|addéd dnopwiseanfithq <| | <| |
222727272277
S| x<x<l x<|x<| Jm>)ltLr>el\l' % Xé ?‘c):(roﬁoliohrs" and then filtered and washed (dimethylformamide,

methanol, dichloromethane). It was then dnied in vacuo.

The resin was then swollen in dichloromethane (1.0 ml), and propylamine (5
20  equivalents, 0.15 mmol, 13 mg) was added. The mixture was then stirred for 1 hour
after which it was filtered and washed (dimethylformamide, methanol,

dichloromethane) and then dried in vacuo.

The resin was again swollen in dichloromethane (1.0 ml), and dibutyl dicarbonate
(10 equivalents, 0.3 mmol, 33 mg) and N,N-dimethylaminopyridine (5mol%,
25 0.0015 mmol, 0.2 mg) were added, and the mixture was stirred for 16 hours. The resin
was then filtered and washed (dimethylformamide, methanol, dichloromethane), and

then dried in vacuo.

(]



#3789r ek ( x&<KSu) } wgkd*XRU] cal] cal] ca
WV] cal] cal] cal] caUl] cal] cal] caU] caU] cal] caU] cal] ca] cal] cal] ca] cap];caxtjil]czadogRa
-JcRa] caU caUca]c aJc a]Jc aUc a), 2@
6=AMUK{ upj e_ZTwpldbaadseal] ca] cal] ca] caU] ca] cal] ca] cal] ca] caU] ca] pedlcivkasidkC
aJ caU] ca] c aU] caU] ca] caU] caU caU] cal] calU ca U/]ca W]cadc e w
AJPUt {| vgkf " ZTQ cal] cal] cal] ca] cal] ca] cal] cal] cal] cal] cal] caU] cal] cal] cal] c
aU] caU] cal] cal] cal] caU] ca WV] cal] ca] cal] caljgal] cal] ca] cant w0| &s
#r Ekv{vpke [ VU] ] ca] ca] cal] ca] cal] ca] c"a] ca] ca] ca] cal] ca] ca] ca] ca] ca]ca] ca] ca
] calca] ca] ca]ca]ca] calca]calcaljcalc"aUc"alc"allcq¥ >Y| wl ga\Vke [ VU] ]]ca]
cal] ca] cal] ca] c2a] Tred fesinlwathersiiriddan Resbydratific bydrarldimbeyibaadfde (0GP ca
] calcalca]calcalcaljcalcalca Ifn-\T@
120 H JU LI g! k! for $d98ssiikihen washsdi(dinmvathylfaroiamifie; apatkdnod |dichloramettiape), afitrca] ca
] caU] caUc a]c
a] c"a] ca] ca] ca‘]’b‘ﬂ‘é‘a‘]’%‘}%’é’]’ﬁé’fﬁ‘ﬁ] ca]calca]cal]calcal ((9))))*I***1, , ./102222
3l 337456_667a778@88} xsni d_ZUU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cau
caljc ajca]ca]ca A Craikdot AR q—hqq}gﬁémﬁg
] <]<<* <]z<<]:] :? ::L@E%%%%%BpBBC} xr mhc YSi dU] ca%ga] cal ca] ca] calj] ca] caj ca
] caU] cal] caU] da] 2 midain3 2 mig) and fiisoprapy)ethylbmiried & % O4B8onmol, 62 mg) were dlssolvcd

3555 we ol ifha%@y%md%@@EﬁaﬁwwwH faaemsinaba) o
39ROk kel B8 PR R 1 Bfm o et ptafempifa

ca] ca] ca] ca] cahehinsl] dichieRinmathar) sl addinhastd.cal CaU] CaU] cajc
aJjcal]ca]calcalcalcaljca "T T6TT UU\/V\X/V\Y/\Y/WD(XX ZyZ[ JIRNN\\NT](]8];

1 D] S] *}wr | ga\ Wi d™ Xi dU] c] cal caU] al cal ca] c

a] ca] ca] ca] cal] cale ew]zevafe &P® I@e/pcraftbz\l]fma}mdwcaqlbmq@a] caUc

n AAC bl
bl || N fBo; AT i eirea fordr ﬁ‘]@g?‘ DRk B and washed Gimethy formenide,
] caU] ca] calj] Cfmtmi ,@ichloromethane) and then dried in vacuo. _

a) ca] ca] ca] cal] ca] ca] ca] ca! mMmRnnnnnnn#osoopqgpj qqr " rrrsusst uZvvwUwwWKxMK[ X} Xs

2;?’(;;/]] ga][ \C/]a] g]a&] 2 ca] ca haI C J ca] ca! ca] cg cna;ﬂofz%]i(;ag])céﬁ}&ae]qc‘a‘]ac;;ﬂ cal ca]

TR AT ok ek LT L

ca] cal] ca &j Tdiasnadlh BihtRyliimmaidd a0 ff)\dndakd mptdieallsadabd torthe résis " The

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca cal] ca] ¢ alU] ca] cal] ca] cal] ca

U\/] ca 15  whole was then surrcd for 12 hours and then filtered and washed (dimethylformamide,
e va 0 el s bl aaidheahaa f ok i tRlaatlaay oa call cal calcale auc

a] caD] ca] caD] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca. 68: >@l PRTXZ\ " dgnor { upj d*YS] d*

U U ca] cal] cal Ca@omm%b%wg%}%@&% répiSitdde ¢ 2J0Gn!) was
aU] ca] cay] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caQx 9x~ysnhc’\XS] ] caV] ca] ca] cau

]calc aUl c a] cadded o the fesirl i the mixture was stirred for 1 hour. The resin was filtered and

el ol e eadaal sl el ol atalesleal el cal el 4,

20  resulting viscous yellow oil was triturated with anhydrous diethyl ether (3x2 ml) to
yield the title compound as its tetrakis TFA salt (1 9mg, 700/0):

Analysis:
LCMS

90% (ELS detection). M/z 449 (ES™).

25 NMR:



UV] cal] cal] cal] ca] c

a) caV] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] caV] ca] ca] ca] caV] ca] c;a]_@a] ?ﬂﬂzca
-]caA\ " *-0 B9l {uoi c] Wgkd™Xhc”U] cal] cal] cal] calU] cal] cal] cal] ca] é

U] cMa] c*al] calweparsidkea] ¢ a] cal] ca] cal] ca] ca] ¢ aU] ca] cal] ca U\/].f@m;gad,ﬂ;qg
W]cal /9 cGstu"b

“d}xsnid_ZT] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca]
ca] ca] ca] cal] cal cal] cal] cal] ca W] cal] caU.sq

dt 58X[j 0 7: Gzupke [Vid_ZT] U] ca] ca] cal] ca] ca] ca] ca] ca] ca U] c™a] ca] ca]ca

U] c”a] ca] ca] caV] ca] calU] ca]c™a U c”ra]cMa]ca]calcaUcalc a]Jc

8 A g g o 2 ol

U c”a] ca] tdoy| CV Nt ?~xsni c*YT] ] ca] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] cal] caV]
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dimethylformamide (1 ml/ 1 drop). After 4 hours with occasional stirring, ninhydrin

tests indicated that the couplings was complete. After treatment with 20% piperidine in
20 dimethylformamide (2 mi, 2x30 mn) ax_ld washing with dimethylformamide (2x2 ml)
and CH,C, (4x2 ml) Di(Boc)-protected guanidino carboxylic acid was coupled to the
sample. Coupling was achieved using 3 equivalents (0.025 mmol) cf the carboxylic
acid with DIC / HOB activation in CH,Cl, / dimethylformamide (I ml/ 1 drop). After 5
hours with occasional stirring, ninhydrin tests showed that the coupling was complete.

25 After washing with dimethylformamide (2x2 ml) and CH,Cl, (42 ml), the
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10 Hypoxic neuronal damage was studied using organotypic hippocampal slice
cultures [Pringle A. K. et al. (1996 Stroke 27 2124-2130)].

Cultures were prepared according to the method of Stoppini ef al (1991 J.
Neurosci. Meth. 37 173-182) from 8-10 day old Wistar rat pups (Bioresources Unit,
University of Southampton). Cultures were maintained in vitro for 14 days (37°C, 5%
15 CO,) during which the medium (50% minimum essential medium (MEM), 25 % Hank's
balanced salt solution (HBSS), 25 % heat-inactivated horse serum, supplemented with
1 mM glutamine, 5 mg/ml glucose and 1.5% fungizone) was changed every 3 days.
Hypoxia was induced by replacing culture medium with serum-free (SF) medium (75%
MEM, 25 % HBSS, 1 mM glutamine, 5 mg/ml glucose, 1.5% fungizone) saturated with
20 95% N;l5% CO, (and thus oxygen-free), and placing cultures in an air-tight chamber in
which the atmosphere was also saturated with N,/CO,. After 180 minutes hypoxia,
cultures were replated in normoxic SF medium and replaced in the incubator for 24
hours. Compounds were added to cultures either pre-, during and post-hypoxia (herein
abbreviated to “pdp”) or just in the post-hypoxic recovery period (“post”) [Johnson, T.
25 D. (1996 Trends Pharmacol. Sci. 22-27)]. Cell damage was evaluated using the
fluoreseent exclusion dye propidium iodide (PI, 5 pg/ml) which is normally excluded

from healthy cells, but enters cells with damaged plasma membranes and becomes
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109%h& () -5\ Td E%Emssxon image. 24 hours after the commencement of hypoxia, a fluorescence
image was captured using a standard Leica inverted fluorescence microscope fitted with
arhodamine filter set. The area of PI fluorescence above background in the neuronal
cell layers was determined using the density slice function of Image. Cellular damage is
expressed as the percentage area of the cell body layers in which PI fluorescence was
10  detectable. After imaging, cultures were fixed overnight in 4% paraformaldehyde and

stained with thionin.

Data are expressed as the meantsem. Data from the non-drug groups was pooled
before analysis. Statistical significance was determined using one-way analysis of
variance (ANOVA) followed by post-hoc non-paired Student's t-tests. As only cells

15  within the CAl region were susceptible to hypoxia-induced damage, all of the

pharmacological data was calculated for this region alone.
Protocol for studving NMDA -mediated icit

Organotypic hippocampal slice cultures were prepared and maintained as described

above. NMDA was prepared as a 50 mM stock solution in distilled water, and diluted as
20  required in SF medium. Neurotoxicity was induced by placing cultures in SF medium

containing either 10 uM or 30 uM NMDA for 180 minutes. After this time, cultures

were rc.plated in SF-medium and maintained for 24 hours in the incubator. Either

300 uM L-ArgSp or vehicle (SF medium) was added to the culture medium pre-, during

and post-NMDA exposure. Throughout the duration of the expcﬁrﬂent, 5 ug/ml Pl was
25  included in the medium. After 24 hours, neuronal damage was determined by Pl

fluorescence imaging and quantified as described previously.
Blood Flow Studies

Adult male Wistar rats (250;300 g) were initially anaesthetised with 4% halothane
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10%& () - 5* Disoiuition owgg@p %o@ng injection of the compound, rats were continuously

monitored for 60 minutes. After this time, anaesthesia was terminated and rats allowed

to waken. In these studies, measurement was taken of the mean arterial blood pressure

(MABP) induced following an intravenous injection of 1 mg/kg L-ArgSp into the

femoral vein of anaesthetised male Wistar rats. MABP was calculated immediately prior
10  to injection of L-ArgSp (pre-injection) and 30 seconds and 10 minutes post-injection.

Data are presented as mean tsem of four observations.
Global Forebrain Isct .

- Animals were anaesthetised as described above, and a thermistor inserted into the

left temporal muscle for recording of body temperature. A dorsal midline skin incision

15  was made in the neck and using microsurgery, the vertebral arteries were identified and
occluded using a monopolar electrode at the level of C 1. The incision was closed,
animals allowed to recover from anaesthesia and returned to their cages for 24 hours.
After this time, animals were re-anaesthetised and the common carotid arteries (CCAs)
exposed. Animals were divided into two groups. Group 1 received 0.25-0.3 ml of a

20 1 mg/ml solution of L-ArgSp (final dose 1 mg/kg) while group 2 received 0.25-0.3 ml of
sterile distilled water. Samples were prepared independently and randomised prior to
injection. Animals were injected 15 minutes prior to occlusion of the CCAs with
microvascular clips for 15 minutes. After this time, the skin was closed, and animals
allowed to recover. After 24 hours animals were terminally anaesthetised and

25  transcardially perfused with 1% parat-‘;r.maldchyde and the brains removed and
processed for histology. A blinded observer determined the number of live and dead
neurones in the CA1, CA3 fields of the pyramidal cell layer, and the dentate gyrus

granule cell layer from haematoxylin and eosin stained coronal sections.
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After 14 days in vitro, organotypic hippocampal slice cultures retained much of the
structure and morphology of the in vivo hippocampus. Specifically, clearly identifiable
5 pyramidal (CAl and CA3/4) and dentate gyrus granule cell layers were visible in thionin
stained sections. Neurons appeared healthy, with large, lightly-étained nuclei
surrounded by intensely-staining cytoplasm (Figure 1).

24 hours after 3 hours hypoxia, PI fluorescence was detectable in the CA1 region

of the pyramidal cell layer (35.6 + 1.43% damage, n= 108), with little (but not

10  statistically significant) PI labelling in either the CA3 pyramidal cells (7.1+£1.3%) or
dentate granule cells (3.9 £ 2.9%). Little PI fluorescence was observed in untreated
controls maintained in serum-free medium for 24 hours. Afier thionin-staining, control
cultures were indistinguishable from untreated slices, with large, healthy appearing
neurones. In contrast, in cultures exposed to 180 minutes hypoxia the CA3 pyramidal

15 cells a‘nd dentate granule cells appeared normal, but cells in CA1 had small, darkly-
staining, pyknotic nuclei with little visible cytoplasm indicating neuronal death - as
shown in Figure 1. Figure 1 shows PI fluorescence images of untreated control culture
(A) or culture 24 hours after a 3 hours hypoxia (B). No PI fluorescence is detectable in
the untreated culture, but intense staining is present in the CA1 pyramidal cell layer of

20 the hypoxia-treated culture. (C+D) Corresponding thionin-stained sections of CA1
region of the cultures shown in A+B. (C) Neurones contain lightly-stained nucleus
surrounded by darkly-staining cytoplasm (white arrow). (D) In contrast, neurones in the
hypoxia-treated cultures appear as small, darkly-staining pyknotic nuclei (black arrow).
On this Figure, the scale bars are: A, B: 1 mm; C, D: 100 pm.

25 (i Effects of L-Arginyl idine (C LA)

After incubation with 300 uM L-ArgSp for 24 hours, no increase in PI
fluorescence above baseline was observed. Addition of 300 pM L-ArgSp for 30 minutes
prior to hypoxia, during the hypoxic episode and the 24 hour recovery period was
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10968 () - (n=12, p < 0.001 vs hypoxia controls). In thionin stained slices, the neurons were
indistinguishable from those of untreated or control cultures.

When the addition of the L-ArgSp was delayed until immediately post-hypoxia, a
5  significant neuroprotective effect was still observed. This was concentration dependent
(0.3-300 uM), with the ECg lying between 3 and 30 uM. The_ damage observed in the
CA1 subfield in these cultures was reduced (see Figure 1, Table 1 - shown below)
demonstrating that delaying the addition of the compound did not significantly reduce

the neuroprotective efficacy.

(Y3
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Compound n % Damage CAl % Protection
Control Hypoxia 108 356+1.43
(A) L-ArgSp (300uM) pre 12 0.2 £ 0.02%** 99.4
(A) L-ArgSp (300uM) 116 9.9+ 3.5%%* 722
(Z1) D-ArgSp (300uM) 8 326+4.1 8.4
(B) L-LysSp (300uM) 16 27.0+£3.7* 24.2
(Z2) D-LysSp (300uM) 14 36.3+3.5 0
(C) L-OmSp (300uM) 12 30.6+3.8 14.0
(Z3) D-OmSp (300uM) 11 36.71 £3.2 0
L-Arg (300uM) 11 38.5+4.0 0
D-Arg (300uM) 10 327+7.0 8.1
Spermidine (300uM) 12 342+54 3.9

Table 1 represents the quantification of the percentage area of the CAl pyramidal
cell layer in which PI fluorescence was detectable 24 hours after 3 hours of hypoxia (%
5 Damage CAl). Data from all of the cultures exposed to hypoxia alone were pooled
(control hypoxia). The percentage neuroprotection was calculated as the (((% damage
contro] hypoxia-% damage drug treated)/% damage control hypoxia)*100). Data are
expressed as the mean * sem, n = number of cultures, *p<0.05, **<0.01, ***p<0.001 vs

hypoxia control.

o
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To determine whether both the spermidine and arginine components of the L-

ArgSp were essential for the generation of the neuroprotective effect, we also assessed

the effects of post-hypoxic addition of 300 pM spermidine and 300 uM L-arginine.

Neither spermidine nor L-arginine individually produced a reduction in damage
5 (see Table 1). These data indicate that it is necessary to have a compound having the
structure as defined above - such as a compound prepared by conjugating L-arginine
with spermidine - for the neuroprotéctive efficacy. This result is in contrast to the
findings of WO 91/00853 wherein it is claimed that spermidine directly blocks calcium
conductances. With our present work, we have shown that purified spermidine has no
10  neuroprotective effects in our assay. At this stage, we believe that the difference is
attributdble to the fact that in WO 91/00853 no purification was attempted with the

spermidine and so one can only postulate that the spermidine used was impure.

i) Effect of changing the cart | acid side chai

When the arginine residue was replaced with the related carbamoyl acids lysine or
15 ornithine, the neuroprotective efficacy of the resulting compounds was less than L-
ArgSp. Nevertheless, neuroprotective efficacy was still observed. Addition of 300 uM
L-lysinylspermidine (L-LysSp) immediately post hypoxia produced a small but
significant reduction in PI fluorescence in the CA1 region (see Table 1). Post-hypoxic
addition of 300 uM L-omithylspermidine (L-OmSp) produced less of a significant

20 reduction in damage.

) S ificity of the N ive Eff
Substitution of the L-carbamoyl acids with their respective D-enantiomers
produced a profound reduction of the ﬁéuroprotcctive efficacy of the compounds relative
to the L-enantiomers, as addition of 300 uM D-ArgSp, D-LysSp or D-OmSp post-
25  hypoxia did not resuit in any observable reduction of PI fluorescence (see Table 1
supra). In addition, cells of the CA1 subfield appeared with shrunken, darkly-staining,
pyknoti;: nuclei indicating neuronal death. These results clearly demonstrate that we

have found that L optical activity is important for neuroprotective efficacy. Hence,

"
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highly preferred compounds of the present invention have L optical activity.
Furthermore, and in direct contrast to the teachings of WO 91/00853, we found that
substituting lysine for arginine (compound A and B) reduces the neuroprotective action

but does not reverse it.
5 y)Histogram

Figure 2 presents an histogram demonstrating the concentration-dependent
neuroprotective effect of L-ArgSp kb.3-300 uM) when added immediately post-hypoxia.
Neuronal damage is expressed as the percentage of the area of CAl in which PI
fluorescence was measured 24 hours following three hours of hypoxia (% Damage

10 CAT). (***p <0.001, **p < 0.01, *p < 0.5 vs control hypoxia (control).
n= 108 control. n= 14 0.3 uM, n =7 3 pM, n= 14 30 uM, n= 16 300 uM).

24 hours after 180 minutes exposure to 10uM NMDA, P1 fluorescence was

detectable in the CA1 subfield of the pyramidal cel] layer, but not other areas of the

15  cultures. Increasing the concentration of NMDA to 30uM produced a more severe
insult, with significant neuronal damage occurring in both the CA1 and CA3 regions of
the pyramidal cell Jayer, but with sparing of the granule cells of the dentate gyrus.
Addition of 300uM L-ArgSp to the medium throughout the experiment did not reduce
the damage produced by either 10uM or 30uM NMDA. Figure 3 shows a histogram

20  demonstrating the lack of neuroprotective efficacy of L-ArgSp against NMDA-mediated
neurotoxicity when added post-NMDA. Neuronal damage is expressed as the percentage
area of either CA1 (solid bars) or CA3 (hatched bars) in which PI fluorescence was

measured 24 hours after 180 minutes éxposure to NMDA. (meantsem, n=8 for each

group).
25  vii) Blood flow studies

The results of these studies are presented in the Table 2 presented below.

(1%
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TABLE 2
Time MABP (mmHg) % Change
pre-injection 799+3.9
30 secs 722451 -9.6
10 minutes - | 79.226.5 -0.9

The blood pressure recordings were made 60 minutes after injection, immediately
before the rat was wakened, were identical to those 10 minutes post-drug administration.

5  The small reduction in MABP produced by L-ArgSp was not statistically significant. y
No effect on either body temperature or heart rate occurred in these animals following
administration of L-ArgSp. Following wakening, no ill effects of the compound on the
animals was observed. A further five rats have been allowed to recover for three days
following administration of 1 mg/kg L-ArgSp and no long-term behavioural deficits

10  have been observed in these animals.

Fifteen minutes global forebrain ischaemia is a particularly severe insult,

producing neuronal damage throughout the hippocampal formation. When assessed 24
hours after ischaemia, animals which received vehicle alone showed a neuronal loss in

15 CAl, CA3 and the dentate gyrus with severity being regionally dependent (CA1 > CA3

11

>DG@G). In animals treated with 1 mg/kg L-ArgSp 15 minutes prior.to induction of
ischaemia, the neuronal loss was sigrii;'lcantly attenuated, particularly in the extremely
vulnerable CA1 region. This data is described in Figure 4 which presents a histogram
demonstrating the percentage of live neurones (as determined histologically) (% Live

20 Neurones) in CAl, CA3 and the dentate gyrus (DG) of both vehicle-treated (solid bars)
and L-ArgSp-treated animals (hatched bars).
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(**P<0.01, *P<0.05 vs vehicle-treated controls; data represents meantsem, n=5 control,

n=7 L-ArgSp).

EXAMPLE DISCUSSION

Using solid phase chemistry techniques we have synthesised, among others,
5 arginylspermidine. We have shown that this compound, in particular the L-enantiomer,
possesses significant neuroprotective efficacy, even if the addition of the compound was

delayed until after the termination of the hypoxic episode.

The data demonstrate that the compounds of the present invention must comprise
the above-mentioned first component linked to the above-mentioned second component
10  via an amide bond - such as conjugated spermidine and L-Arg - to have neuroprotective
efficacy. In this regard, no efficacy was detected using spermidine and L-Arg on their
own. One conclusion that could, therefore, be drawn is that the action of the compound
of the present invention, in particular L-ArgSp, is mediated through a receptor site which

requires the presence of both the first and the second components in the same molecule.

15 Substitution of L-arginine with L-lysine (L-LysSp) or ornithine (L-OmSp) still
yields active compounds. However, the activities of these compounds are not as great as
that for L-ArgSp. This suggests that the guanidinium functionality is desirable for
optimal activity but that other positively charged groups can take its place relatively

successfully.

20 It is currently believed therefore that a highly preferred feature for activity is the
relative spatial positioning of the terminal positive charge on the guanidinium or
ammonium ion and the alpha-carbamoyl group. This is suggested by the relative length
of the side chains and their reduction in overall length in going from Arg to Lys to Om
and suggests that the compounds are capable of exhibiting a bi-functional binding

25  ability.

Also, in a highly preferred embodiment of the present invention, it appears that the

binding site appears to be stcreospéciﬁc, requiring the carbamoyl acid to be in the L-

w
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configuration for optimal activity. Both D-ArgSp and D-LysSp were inactive relative to

their corresponding L-enantiomers.

The blood flow data show that the compounds of the present invention, in
particular the Compound of formula A, have a less adverse effect on blood flow than

5 FIX.

Example 6

The procedures of Example 5 were repeated, but using different doses of a fresh
batch of Compound A (pdp). The results are shown in the following Table 3.

TABLE 3
Compound n % Damage CAl % Protection
None (Control Hypoxia) 50 23.9+2.7
. 0.3uM Compound A pdp 8 20.2+8.4 15.5
1M Compound A pdp 8 20.1+8.2 - 159
3uM Compound A pdp 15 6.5+3.0** 72.8
10puM Compound A pdp 7 8.8+3.9* 63.2
30uM Compound A pdp 8 7.3+4.2* 65.9
300uM Compound A pdp 16 8.04+3.0** " 66.5
10 *p<0.05, **p<0.01 --
Example 7

The procedures of Example 5 were repeated, but using various compounds derived
from Compound A by substitution at the a-amino group. The results are shown in the

following Table 4.
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300uM Nabenzyl-Compound A post 8 6.4+4.9** 76.1

*p<0.05, **p<0.01 -~
CBZ = benzyloxycarbony!

Example 8

5 The procedures of Example'5 were repeated, but using a compound (PyrAla3,4) in
which the arginine of Compound A is replaced by pyridylalanine. The results are shown
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S10%X#y & () - ! #3xthe Soctdtirk'dt Bhdxiples Wetdikfefed bif dshifither Compound I (in

which the arginine of Compound A is replaced by citrulline) or a compound in which the

arginine of Compound A is replaced by glutamine (GIn3,4). The results are shown in

the foliowing Table 6.
10 TABLE 6
Compound n % Damage CAl % Protection
None (Hypoxia) 16 23.2+4.9 -
= 300puM Compound I post 7 10.9+5.7* 53
300puM Gin3,4 post 8 19.8+6.5 '_ 14.7
*p<0.05, B

It can be seen that, whereas Compound I exerts a significant protective effect,
GIn3,4 has no such effect.

(13
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the total number of carbon atoms in RP and RC is 8 (Arg4,4). The results are shown in
5 the following Table 7.

- TABLE 1
Compound n % Damage CAl % Protection
None (Hypoxia) 15 27.743.1 -
;iOOuM Compound A post 8 12.143.5** 56.3
300uM Argd,4 post 7 26.7+2.1 3.6

** p < 0.01

It can be seen that, whereas Compound A exerts a significant protective effect,

Arg4 .4 has no such effect.
10  CONCLUSION OF EXAMPLES

In summation, a number of spermidine (polyamine) based compounds were
synthesised using a novel solid phase approach and evaluated for their protective effects
against hypoxia-induced neuronal damage in hippocampal slice cultures. The
neuroprotective effects of 300 uM L-arginyispermidine were dramatic with complete

15 protection being observed when added pre-hypoxia. When added post hypoxia,
protection was observed in a concentration-dependent manner with substantial protection
(> 70%) at 300 uM with an EC 50 of from 3-30 uM. L-lysinylspermidine and L-
ornithylspermidine were also protective, although to a lesser extent than the
arginylspermidine. Significantly, the D-enantiomers of all three compounds were

20  substantially less active (if at all) in providing neuroprotective activity than the L-
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F#10% Qbs& ()- FISM 10%@s& ()- HT{Z9, 410s@Bs F&@ 10%@Bs& () -
Ff 9Z10%Qbs&' ()-! F 3@10%s& ()- "~ 3@10%B& ()- FI1:!10%Bs& () -
F&L010% Bs&' () - XbA410s@s F F 1 10%#& ()- F39B10%t& ()- F 10%t& () -
F F10%t& () - Fod0%t& ()- 10s@s10s@sX~">A410sQbs
210%& ()-210%4&' ()-210%& ()-210%& ()- F\I 10%& ()- F3
3" 10%#& () - 4d@410sQbs #3Y1210%#& () - 210%+&' () - 210%#& () - 210%t&' () - #3Y1
[ 7A410s s
210%4&' () - #3Y1210%+& () - 210%t&' () - 210%+& () - 210%+& () - (/ OCF{ _?A410s(Bs
210%#& ()-210%t& () - #3Y1210%& () - 210%t&' () - 210%¢& () - FPUVI nw_?A410sQbs
210%t&' () - 210%¢t& () - 210%#& () - #3Y1210%+& () - 210%#& ()-W } _?A410sQbs
210%t&' () - 210%+& () - 210%#& () - 210%+&' () - #3Y1210%+& () -~ <A410sQBs
#3Y1210%4& () - 210%#&' () - 210%¢#& () - 210%t&' () - #3Y1|[: 10sQbs | s310%¢+& () -
| FO40%t&' ()- 10#10#10# | @ 8! 10%t& () -G
| 1y2- 109%+& () - m210%+& () -~">| [ : 10sQbs

S1109%& ()-& ! 10%4&' () - & ! 10%#& ()- & ! 10%t& () - & | 39F10%t&' () - | 10%t& () -

“<|[:10s@bs  #3Q ! 1 10%#& ()-& ! 10%#& ()-& ! 10%#&' ()-& ! 10%+& () - &#3Q | +



8 =>Y D[:10
#37110%1&’ () - l E&#3QSIQ$I 10968 ()-& ! 109%& ()-& ! 109%& ()-& ! 10%& ()3 ¥ 2002

I {_?|[:10sQBs
11098 () - SWOLDWB184Y( ) - &#3Q | T 10%#& () - & | 10%#& () - & | 10%+& (BCTHGB9S/3TTS

_ |[.105Q’55
#110%& ()-& ! 10%& ()-& ! 10%& ()-&#3Q ! 1 10%#& ()-& ! 10%t& ()- &
-44-

_?|[:10s@@®s

F110%& ()-& | 10%& ()-& | 10%:& ()-& ! 10%:& () - &#3Q ! 1 10%& () - &
<|[:10sQ@bs

#3QF |71 10%¢8 CLAIMSL0%HE ()-& ! 10%& ()- & | 10%& () - &#3Q | 14=BCR D| [ : 10sQ8s

#371 10061&' () - &#3Q | 1 10%#&' ()- & | 10%4&' () - & | 10%H&' () - & | 10%¢&’ () - GRUN af 2

: 10s@s . .

Wi 10egn () - &34 fosppstapsially,puse compgypdihaving the general formylaMooger (1.8 2([: 1050

$s

B 11008 ()-& | 10%4&' ()- & | 10%1& @) - &#3Q | *1 10%#&' ()- & ! 10%4& ()-& 2| [: 10sQ

$s

#110%H& ()- & ! 10%#& 48 &! 0% Ez’c#&' <[[:10sQ
$s  #3Q ! 1 10%& Q- 10%‘?&( 10 %‘L?Rﬂ OW#%?T'T@?,Q T 0sQBs
10X#QLOX#10X# s<! 10964& () 0UXHE! () 0UXHE&' () -

3100X#& ()- 1 10%& ()-& ONRR]; TG 10s®s 1 109%E) & ()-N  %r10%E) & () -
109%F) & ()- FL0%)& ()- L310%)& ()- $10%E)& ()- 9 ;: HUV e h {_?TG 10sQbs
X! 10%) & () - NX! 10%E) & () - N#3_M X! 10%) & (gpy NX! 10%) & () - NX! 10%) & () - Nh

wherein:
S Q represents an amidino group, a cyano group or a group of formula XYN-, where

X and Y are the same or different, and each may represent a hydrogen atom, a
lower alkyl group, or a simple hetero-atom containing group or, together with
the nitrogen atom to which they are attached, form a nitrogen-containing

- heterocyclic group;

10 R@ represents a straight or branched chain alkylene or alkenylene group having
from 1 to 6 carbon atoms and each optionally being substituted by from 1 to 4 alkyl

groups each having from 1 to 3 carbon atoms;

RP and RS each represents an alkylene or alkenylene group having 3 or 4 carbon
atoms in a straight chain, each being optionally substituted by 1 or 2 alkyl groups

15 each having from 1 to 3 carbon atoms, the total number of carbon atoms in said

straight chains of RP and R being 7;

R2 and R3 are the same as or different from each other and each represents a
hydrogen atom, or a group of formula R, RCO-, ROCO-, or RNHCO-, where

R represents a lower alkyl group or an aryl group, said alky! or aryl group
20 being optionally substituted by one or more of the substituents a, defined

below;

“
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X! 109E) & () - NX! 10‘%E)& ()-NX'10%E) & () - N#3_M X 10%) & () - NX! 10‘%E)k° 5 %
A=TG 10s@s D) 109%) & ()-N s10%) & ()- 109%) & () -

XI'10%) & () - NtvaMos1a9E) & ()-N _; TG 10s@s #3G+ ( 109%X) & () - ( PEAI6B%%03)7s
(109 & ()- ( 10%) & ()- 3&10%X) & ()-*-689N DTG 10s@s #3( 109X) & () -
#3GH (1090 & ()- ( 1090 & ()- ( 109%) & ()- ( 109 & () -

NPZ] Apr{_?TG 10s@s #( 109%X) & ()- ( 10%X) & (s #3G+ ( 109%) & () - (
10 & ()- ( 109X & ()- r{_>TG 10s@s # 6f109%X) & ()- 3 109%) & () - Z(
109%) & () - #3G+ ( 109%) & ()- ( 10%) & ()- *}vU410s Ly!109%) & () -

j &1 10%ama&’ () -: &kieldHip4l Garbdn amm/mme&u)mc 446iskIXInl X)L, configuration;
s810%) & () - (*CLN[}] =vU410s ! 10%X) & fO%Q&()- I10%()&() YZ

109 & ()- S :109%) & () -9 93! 10%) & () 3£h| x{_?v410s !10%) & () -

1 10%K) & ()- ! 10%x) & i§ pn aromatic amino acid residue;

nisOorl;

Rl represents a hydrogen atom or a lower alkyl group or an aryl group, said alky! or
5 aryl group being optionally substituted by one or more of the substituents a,
defined below;

W represents a hydrogen atom or an alkyl or aryl group; and

substituents a are selected from: halogen atoms, amino groups, alkylamino groups,
dialkylamino groups, cyano groups, hydroxy groups, alkyl groups (except when the

10 substituted group is alkyl), aryl groups, carbamoy! groups, alkylcarbamoyl groups,
dialkylcarbamoy! groups and carboxy groups and esters thereof;

and pharmaceutically acceptable salts thereof.

2. Compounds according to Claim 1, having the formula (Ia):

0
I I b c
Q—R*—C*H—C Z;,—N—R NH—R —NH,
SO

- (1a)
15  wherein Q, R, RP, RCR2 R3, Z, n, and R! are as in Claim 1.

3. Compounds according to Claim 1, having the formula (Ib):

“w



110%0 & ()- #3_+1 11099 & ()- " <VUAL0S #3_+ 110900 & ()- 1 10%) & (35 o 90
1 109%) & ()- | 109) & ()- #3 +1 EvU410s #3110%K) & ()- #3_+11109%) & ¢) U
1109 & ()- 1109) & ()- !109) & ()- OKf|[:vU410s 9- 1109%R) & ()-(

f+109R2) & ()- ,wods@jaadb()- 9&10%2) & ()-' y$10%R) & () - PCT/GB98/03775
"3100R) & ()-GQI|[: vU410s &710%R) & ()-( &5 10%R) & ()- &34!10%R) & ()- 2z
109R) & ()-' &0S 109R)& ()- 9,/z109R) & ()-6vU410s F109R#& ()- SFLO9RH#& () -
0d0%R#& ()- 102)102)102)' : 110%) & ()- &L9,109%R) & ()-j|[: vU410s

@ 109R4& ()- 100@#& ()-  109@#& ()- &L09THZ ()- ' Fob 109@#& () -

1092#& () - guvwxvU410s F 10% ?$ & ()- &310% ?$ & ()- Y%0% ?$ & ()-
102#102#102# 109R#8&' ()- ! 10%@#& ()- o] [:vU410s 3"10% ?$ & ()- ~10% ?$
& ()- S&S109m?$n& ()- $3109R?$ & ()-' ©10% ?$ & ()- RI0% ?$ & ()-og

/| [:vU410s -"10% ?$ &'()-| +510% ?$ ”

X~——N——(C)x— C*H—C~—Z;~—N——(C)y—NH—R"—NHj
Yy ©®r ]I\IR2R3 llll R’
(b)
wherein:
X, Y, Z,n and R! are as defined in Claim 1;
X is an integer from 1 to 5;

5 yis3or4

R4, R, RS and R7 may be the same or different and each represents a hydrogen
atom or a lower alkyl] group; and

the chiral carbon atom indicated by the asterisk is in the L configuration.

4. Compounds according to any one of the preceding Claims, in which Z represents an

10  aromatic amino acid residue in the L-configuration.
5. Nnn-toxic compounds of formula (I) as defined in Claim 1.
6. Non-toxic compounds of formula (1a) as defined in Claim 2.

7. Non-toxic compounds of formula (Ib) as defined in Claim 3.

8. A compound according to Claim 1 which is:

(1}
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& ()-/1U [NA410s10 ?$ 10 ?$ 10 ?$ L9<10% ?$ & ()- 8!10% ?$ & ()- 96S10% ?$
& ()-' F410%?$ & ()-F Y110% ?$ & ()-*3|[:NA410s10 f&#10% & ()-m
S410% & ()- IWesssBs(ge 3! 10% & ()-' .3110%" & ()- W10% & ()- per/GB9sn3TTs
$v\ zY8NA410s1 910% & ()- - LSHIOW & ()- - 10% & ()- - 10% & ()- -
L10% & ()- -!DF&#10%Q Q & ()-m: |[:NA410s1 1110% & ()- .Z10% & ()- |
'MLO%& ()-f | ' MIOWS& ()-f F 9%610% & ()- J.

NH 0
HZNJI\N/\/\I("\N/\/\N/\/\/NH‘?
! L h

9. A compound according to Claim 1 which is:

0]

HpN L /\/\ /\/\/NHZ

T N

NH, H 1'1

5 10. A compound according to Claim 1 which is:
O
L /\/\ /\/\/NHZ
H)N N N

- NH, J—x IL

11. A compound according to Claim 1 which is:
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%40% & ()- 10"10"10" F Y4z10% & () - FOIKIUN [ vW410s  Z10% & (

+ 109 & ()- SS10% & ()-3 109 & ()- Y 10%8) S& ()- 0Y 10%

;& ()-U T d"'WoOpIMOdd0s *10% & ()- Y3(10% & ()- & 10% & ()- SHEDURSs/G37%
S 151099 & ()- 2?1 (109 & () - G #Utt#t#H####vU410s 310YRXH&EE () -

% 0%RX#&&' () -10)10)10) 2109 & ()- 010% & ()- s-109% & () - #######| [ - vU410s
0s109BXH&E' () - Y% 109%&XH&EE () - | 10YEXH&E ()g48.10%RXHEE () - | 109RX#&&' () - |
F1O098X#&&' () - ##H#H#&S($/ $| [ : vU410s L& " O%?X#?& ()- s*10%RX#&& () -

WOYR&E () - 910% X#. & ()- 109BRXH#&& () -

1098X#&& () -13$] $ $$C$d$p$u$ ]<1

"310% # & ()-108&11ES
L& " 10%&&&' () - u$~ '5
0" s10%& ()- 7s. 3 A
' YCLF%$10%0D&' (2 10%& O)-- ' LF‘V&Sl
D 10%#h& () - 1% %% Y9% %% %z Y810s I
$10%t&' () - 410aaF10aagf0aal 10%ma& () -
109%#& ()- 9 109 ()-9 h9 10%#& ()-9 L9LO%R
L910%& () - z9008808&zY82zY810s |  10%t&' (
910%t& ()-G 910%& ()-G!/910%&' () - GRS R
*109%& ()- *"S 10%0$D& ()- "S 10%t& 'S 10W& ()-

(S10%#& ()-& U ' (\(|[:2Y810s ! ,, 109%:&4)- 510%& ()- FAy#10%& ()-

2f #1098& () - - @10%#& ()- - @10%& ()- Nornal" Headi ng 13]c" " Headi ng
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13. A compound according to Claim 1 which is:
NH
/‘k NH, }'1 o
HN N N NH
H :
0 H H
L
N
\

14. A compound according to Claim'l“which is:

,#flo%#‘&'()--

. $ 7 )
FY%%109%& ( WRR& () -
|) 7 owi()--

0%a ()-'tya/a/a/a/é’b@[ zY810s !
#+& () -z yL910%t& ()-z

310%t& ()- - 910%& ()-G ~

%&| [1zY810s | ,, 109%t& ()-

@4D 0/ \ _NH,
stu yz -
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NH, H o
J\T/\/\T/\/\/Nﬂz
H H

15. A compound according to Claim 1 which is:

NH

HoN

T—Z

NH

/lk NH, H 0
H,N N N NH
2 l N/\/\N/\/\/ 2
H | |
o H H

16. A compound according to Claim 1 which is:

0

i

C NH
/\N T/\/\T/\/\/ 2
H H

I,-l NH;

17. The use of compound according to any one of the preceding Claims for the
manufacture of 2 medicament for treating a mamumal to protect said mammal from the

neuronal damage caused by an ischacmic event.

18. Use of a non-toxic compound as claimed in any one of Claims 1 to 16 for the
manufacture of a medicament for the treatment of 2 mammal to protect said mammal from the
neuwronal damage caused by an ischaecmic event, by administration of an effective amount of

said non-toxic compound to said mammal before, after or during an ischaemic event.



