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5 The present invention relates to the treatnent or prophylaxis of chronic
and acute neurodegenerative di seases or conditions, using certain
tricyclic neuroprotective conpounds. Chronic conditions include diseases
such as Al zheiner's Di sease, Parkinson's D sease, Huntington's Chorea and
Multiple Sclerosis. Acute conditions intlude the sequelae to acute

i schaem ¢ even uc art attack, stroke or head 10 injury. . T,
conpounds a@é?@@orégﬁilllﬁor the prevention or treatnent BP?OC a%glrg%s’%%used
by ischaem c stress of peripheral organs (i.e. any functional tissue in the
body except the brain and the spinal cord), such as the heart or the

ki dneys. In tissues affected by | ow oxygen states, such as prol onged
hypoxi a and ischaem a, _which may_ or ns t ke associated wth

hypogl ycaem a, neur onak=darage; SOV ar e ng—aet —+s—=encount er ed.

| schaem a typically occurs as a result of an acute event, for exanple heart
attack, stroke or traumatic head injury. During heart attack, the danage
incurred.is substantially limted to the heart tissues .and certai

{reat et s have: Thoeis et i o RERBEE A SRS SRR 81
neuronal dagR@endusdépbserhti RMisdases i lchditions0lisiiPe&tdi R Ryt RE ARiirssldReHva on
the brain. The severity of the ischaenm a 20 depends on the nature of the
stroke or i ejropopndpuChronipveanidiieing jncluderdesensss sueh as Allaheiger’s Dig9ey,3 1 04 9
addresses the,effects of ischaem a qn the Qrajn syuch as qccurs w.th stroke
pat! onts. or PSR S Liyase,Fupbagon oy Cheyee SMal Bl Suee T e Apiidsondiibrt

neur opr ot eClrckfle AAERLFel AN acuRbbdhabiiR dvents K6EH ddHEaRAUAAN YroklagFaiEd Caused by
acute ischaemc events such as stroke and head injury. 25 In contrast to

t he neut®nainjaandge compourrdsag: @so asefidSor the pfevaatinneon temimaentiof dareegnt s such
as heart attack, stroke .or head inj ronic

injury, the underlyin auses qf .c
neur odegenefRSEd/RY &F%ﬂ@a%étrwoga?f her Hgg,anw@n%hﬁﬂ%a?ﬂﬁmén esbégge (AD),

Par ki nson s SRS Srd PEla e aan sy CReERalidhne Wihijpl e Sol erost s (M)

and Anyotroph at er al rosi s are conpl ex arid appear to be
mul tifactorial. In
In tissues affected by low oxygen states, such as prolonged hypoxia and

ischaemia, which may or may not be associated with hypoglycaemia, neuronal damage,

15 to varying degrees, is encountered. Ischaemia typically occurs as a result of an acute
event, for example heart attack, stroke or traumatic head injury. During heart attack, the
damage incurred is substantially limited to the heart tissues, and certain treatments have
been developed. In stroke or traumatic head injury, neuronal damage results from the
effects of more long term ischaemia on the brain. The severity of the ischaemia

20  depends on the nature of the stroke or injury, but, invariably, there is brain damage.
W(099/31049 addresses the effects of ischaemia on the brain such as occurs with stroke
patients or as a result of head injury, and discloses certain neuroprotective agents and
their use in treating neuronal damage caused by acute ischaemic events such as stroke

and head injury.

25 In contrast to the neuronal damage occurring as a result of acute ischaemic
events such as heart attack, stroke or head injury, the underlying causes of chronic
neurodegenerative diseases or conditions, such as Alzheimer’s Disease (AD),
Parkinson’s Disease (PD), Huntington’s Chorea (HC), Multiple Sclerosis {MS) and
Amyotrophic Lateral Sclerosis (ALS), are complex and appear to be multifactorial. In

30  each case, necrotic and apoptotic neuronal cell death may result from one or more



30 each case, necrotic and apoptotic neuronal cell death may result from
one or nore 2 nechanisns including netabolic conprom se, excitotoxicity
and oxidative stress. A nunber of studies point towards oxidative stress
as a mpjor causative factor in a variety of chronic neurodegenerative

di seases including AD, PD and ALS (for exanple, see: Sayre et al., (2001);
Curr. Med. Chem 8(7), 721-38; Bains et al., (1997), Brain Res. 5 Rev., 25,
335-358; Alexi, et al 000 ogr ess i.n Neur obi.al 60,. , 409-470)
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reduci ng agents and/ antioxidants or by increased |evels of oxidant
speci es. 0(0fctalromenatro@snérasvd)damasesahtlndllngv’dbl, RI®» abdh & L& forexamefe, kaeghl y

toxic free-radicals di n eact i ecies 1 ch as the
super oxi de 2Hoff “(’”@Zj) Ti h ?‘6)@1 ég)cﬁl B%)“S Al (3855?%5 At r ogen
speci es r r f i [ n eroxi de or
per oxi des( R’s\@ljkzvhdzeaség%gssoé(lfﬂ%lpélttal (%Qmﬁﬁﬂ%cpﬁg?%k?cﬁq:ﬂo? Pt h is caused
by excessive activation of glutamate receptors by glutamte and

gl ut anmat er gi ¢ agOrxidstiee srechoasird\Vhh thadoohd] dalaexcbdtatar yxidativee veritSaadi ds
(EAAs). A nunper, of tudi es al so suggest that ative stress nmay act as a

medi at or mﬂféb@éldﬁﬂt’% fenge peghapsme éreeptﬁﬁa@th@éﬁrt dassPf iedicingagspise, it
h b t
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and that t hateribiiesaferg ehecaotioheof lmg&l\yemledrebyacﬂi:amIlmdﬁtﬁﬂgl&atrlmmtpwesh
ant i oxi dants 20 Metabolic conmprom se may be caused b r oke

asphy>r<] B We@w@aéﬁpﬁw&ﬁanl@eﬂ% }ﬁquwéawl ¥ ragical ¢4 é?thndquaﬁtwe
dep! ot ?Qnriﬁ o el s, MR AR, QuBd IO PR Rl 89,

cause an i ngdredide suth amr@xlﬁdﬂ&t(romoﬁ)reactl ve oxygen and nitrogen free-
radi cals, leading to oxidative stress. 25 Thus, not only is oxidative

stress by free-radicals understood to be a primary
Excitotoxic cell death is caused by excessive activation of glutamate receptors
by glutamate and glutamatergic agonists such as NMDA and other excitatory amino
15 acids (EAAS). A number of studies also suggest that oxidative stress may act as a
mediator in excitotoxically induced neuronal cell death. For example, it has been
shown for both NMDA and kainate (a non-NMDA receptor agonist) that activation of
EAA receptors increases free-radical damage to lipids, and that this damage can be

prevented by simultaneous treatment with antioxidants.

20 Metabolic compromise may be caused by stroke, asphyxiation, hypoglycaemia
and certain poisons interfering with mitochondrial respiration. Mitochondrial
dysfunction and resulting depletion of ATP and loss of intracellular calcium buffering
capacity can cause an increase in the production of reactive oxygen and nitrogen free-

radicals, leading to oxidative stress.

25 Thus, not only is oxidative stress by free-radicals understood to be a primary
factor of neuronal cell death in a number of chronic neurodegenerative diseases, but it
may also mediate excitotoxic stimuli and metabolic compromise. Furthermore, the
reverse interaction may also occur, as oxidative stress by free-radicals may initiate

excitotoxic pathways and cause metabolic impairment.



factor of neuronal cell death in a nunber of chronic neurodegenerative

di seases, but it may also nediate excitotoxic stinuli and netabolic
conprom se. Furthernore, the reverse interaction may also occur, as
oxidative stress by free-radicals may initiate excitotoxic pathways and
cause netabolic inpairment. 3 W have now found that certain tricyclic
conpounds may be used to treat chronic aBd acute neurodegenerative di seases

or conditions and for therreventi on,or, treatnent of damage caused by

i schaeni ¢ st r essWsrhaye ppyrernd that ¢paam trigyelis comporadsyaay be ussd to fgatki dneys. .
5 Thus, the ' ' ' fonk: la (1)
and - phar macRor any ot BEbOEREAY O Sedor g Honf BIPRY itprBlenyGh B

manuf act ur etredtmant dfeldimagerenised By ischentit e@ésyeii perdphepd opdunk axicls aotheheart e or
chroni ¢ neurodegenerative diseases or conditions and for protection

agai nst i scHial gng¥rage to tissues of peripheral organs. The conpounds
used have the formula (1): 4 RERRX6 1 RZ (1) | R7 NR 10 Rin :
whi ch: represe >

represent a hydrg%lzshﬁ]eg{roslr%gt Q‘L‘a@tg"{ﬁ‘g}‘l é@d?sgﬁ ‘;’rh‘%"fg‘:r%’f\;m%ggf? g@@?\t@%&dgr oup

of fornul a pkddhatRiticdlly Zceppbleseln sdasarotpreof for Gietdhtufadse.ofa group of
formula >CH2 or a direct bond; Rl represents a hydrogen atom and R2
represent s @egigamendar de dieptreent ar poRlylaxis ahapite orchigie sRyrogessuprative

diseases or conditions and for protection against ischaemic damage to tissues of

peripheral organs. The compounds used have the formula (1):

M

10

in which;

X represents a group of formula >CRIR? or, when RS does not represent a hydrogen

atom, a group of formula >80,

Y represents a group of formula >CRIR?;

15 Z represents a group of formula >C=0, a group of formula >CHj, or a direct bond;

RI represents a hydrogen atom and RZ represents a hydrogen atom, a carboxy group or

a hydroxy group;

or

R! and R? together represent an oxo group, an ethylenedioxy group or a hydroxyimino

20 group;



or Rl and R2 together represent an oxo group, an ethyl enedi oxy group or a
hydroxyimno 20 group; 4 R3 represents a hydrogen atomor a | ower al kyl
group; R4 represents two hydrogen atonms, or an oxo or hydroxyim no group;
R5 represents a hydrogen atom a |ower alkyl group or a halogen atom R6
represents a hydrogen atom a |ower al koxy group or a carboxy group; 5 R7
and R8 are the sane as or different fromeach other and each represents a
hydrogen atom a |ower alkyl group or a halogen atom and salts and esters
when t he cdﬁbamndaueamaﬂmgeaammrmcxm“gr@mplgfbpiain of the conpounds of
formula (1) are new conpounds per se. In the conpounds of the present
invention, Z may be a direct bond, in which 10 case it forns part of a

5- menmber ed RY reprdseste dwo bydroBenatuivesy @xdnixbroo pdrospimiad giowg; het er ocycl i ¢
ring, or it my be a group of fornmula >CH2 or >C=0, in which case it forns
part of a 6-penbered ring. Wiere R3, R5, R7 or R8 represents a |ower alkyl
group, thisk rdsenta asiydeiggh atoor, a lbweradkd gratmedns tldgen agproup having from |
to 10, preferably froml to 6, carbon atons. 15 Exanples of such groups

i ncl ude the gethyl, et hyl, propyl, isopropyl, butyl, sec-butyl, t-butyl,
pentyl, i soperdppdsentaadyydroggh atops, mdowerd dkexy grodp et hgdrbexypgroup:4- met hyl pent yl |
3- nethyl pentyl, 2-nmethylpentyl, |-nethylpentyl, 3,3-dinethylbutyl,

2, 2-di met hyl but yl 1, 1-di met hyl butyl, 1, 2-di et hyl butyl,

1, 3- di et hyR amcg/R,s age tBe dameahet ditfesent from eacthgthbuand each espyésentisadiydsogen
heptyl, octyl, nonyl and decyl groups, of which the nmethyl, 20 ethyl,
propyl, but Pmaﬁg“%gﬁgw?égwﬁﬁga%?&g%F@PHFred, the methyl and ethyl groups
being nore preferred, and the nethyl group being nost preferred. Were R5,
R7 or RS I eRidesRiA &idieWhGE hetloRfRouhdit iRy Beibdky kiddp! ne. chl ori ne,

brom ne or iodine atom of which the uorine and chlorine atons are
preferred.
Certain of the compounds of formula (1} are new compounds per se.

In the compounds of the present invention, Z may be a direct bond, in which
10 case it forms part of a 5-membered ring fused to a 5-membered nitrogen-containing

heterocyclic ring, or it may be a group of formula >CH5 or >C=0, in which case it

forms part of a 6-membered ring.

Where R3, RS, R7 orR® represents a lower alkyl group, this may be a straight or
branched chain alkyl group having from 1 to 10, preferably from 1 to 6, carbon atoms.
15 Examples of such groups include the methyl, ethyl, propyl, isopropyl, butyl, sec-butyl,
t-butyl, pentyl, isopentyl, neopentyl, 2-methylbutyl, 1-ethylpropyl, 4-methylpentyl, 3-
methylpentyl, 2-methylpentyl, [-methylpentyl, 3,3-dimethylbutyl, 2,2-dimethylbutyl,
1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-dimethylbutyl, 2-
ethylbutyl, hexyl, isohexyl, heptyl, octyl, nonyl and decyl groups, of which the methyl,
20  ethyl, propyl, butyl and hexy! groups are preferred, the methyl and ethyl groups being

more preferred, and the methyl group being most preferred.

Where RS, R7 or R® represents a halogen atom, this may be a fluorine, chlorine,

bromine or iodine atom, of which the fluorine and chlorine atoms are preferred.

Where RO represents a lower alkoxy group, this may be a straight or branched

25  chain alkoxy group having from 1 to 10, preferably from 1 to 6, carbon atoms.



Where R6 represents a | ower al koxy group, this may be a straight or
branched 25 chain al koxy group having froml to 10, preferably froml to
6, carbon atonms. 5 Exanples of such groups include the nethoxy, ethoxy,
propoxy, i sopropoxy, butoxy, sec-butoxy, t-butoxy, pentyl oxy,

i sopentyl oxy, neopentyl oxy, 2-nethyl butoxy, 1- ethyl propoxy,

4- met hyl pent yl oxy, 3-net hyl pentyl oxy, 2-%ethyl pentyl oxy, 1-

nmet hyl pentyl oxy, 3,3-di net hyl butoxy, 2.2-di net hyl but oxy,

1, 1- di met hyPBmAsaLl sycipensups weltudy s pekgxys £Ihexy RIERHYE é@?lmw butoxy,

2,3-dineth VA . ' | | oxy,
octylgxy, ﬁ%ﬁ??@% ’%né8%£¥bﬁg§§§é?%%%§¥&§¢%aﬂ¥%ﬁm@ﬁézIﬁé%#ggggg%%héiy,
propoxy, buitioxjropocy, denythedgnytaxyp3-natieyl paneflexy, @dmethplpensldxyxy- and et hoxy
groups being nore preferred, and the nethox roup being nost preferred. O
The compoureNEpeatioxy: béawnetslbuin oh2-diseuuicy b hmpaleiownbae in 10
whi ch: re hO r f a
hydrogeé ataﬁ@?%ﬁﬁﬁ ?&’& ?’gbdriglggifﬁgi&%{pﬁggfdgge%nﬁ%@g%mg-eﬁ]ﬁ%é ’élrg%ag&%r a

car boxy gr dsghexplox R heptydo? of;@l]ﬁlyhmnyld)@raﬁldﬁemlo@ﬂ%@&ps,@f aifrhahe an
et hyl enedi oxy group; Y represents a group of fornmula >CRI. R2 where Rl
repr esent s BEHY¥: SHORY ATOP N BURRY anbhexylrxyasouns age PiETtgehcaeghexorang

car boxy groyp; represen a_hvdr g R4 resen dr ogen
atons. o "ty BelieRaEbR Ao I b A BBk FRRR T el
hydrogen atom a Cl - C4 al koxy group or a carboxy group; and R7 20 and R8

are the sane as Of thdicbmpoaits of ti@preaahintitin, d8pagrclurygRefestdtsina hydr ogen
atomor a Cl - C4 alkyl group; and salts and esters thereof. Specific

exanpl e ofWiislipounds of the present invention are given in the follow ng
Tabl e 1:

X represents a group of formula >CRIR? where R! represents a hydrogen atom and R?

represents a hydrogen atom, a hydroxy group or a carboxy group, or R! and R? together

represent an 0xo group or an ethylenedioxy group;

Y represents a group of formula >CRIR2 where R! represents a hydrogen atom and R?

15  represents a hydrogen atom or a carboxy group;
R3 represents a hydrogen atom;
R4 represents two hydrogen atoms or an oxo group;
R represents a hydrogen atom;

RS represents a hydrogen atom, a C| — C4 alkoxy group or a carboxy group; and R’

20  and RS are the same as or different from each other and each represents a hydrogen

atom or a Cj — C4 alkyl group;
and salts and esters thereof.

Specific examples of compounds of the present invention are given in the

following Table 1:
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N HIn the above Table 1, those conpounds marked with an asteri sk are per
se new conpounds and also forma part of the present invention. The nost
preferred conpounds of the present invention are those conpounds nunbered
4, 6, 7, 8, 10, 14, 5 15, 16, 17, 20, 21, 22 and 23 in the above Tabl e.
When the conpounds of the present invention contain a carboxy group, for
exanpl e when Rl or R6 represents a carbdky group, the conpounds of the

i nvention can form est eFs—whi-ch—+ay—be prepared—by—eenventi onal
esterification techniquega There is no partsgcular restrijction on the
nature of the ester, provided that, where@ %?10 resulting conpound is to
be used nedically, the c¢onpound is pha tically accegptable, that is it
is not |ess active, or unaccept ve, nor nore toxic, or
unacceptably nore toxic, than the p onpound. However, where the
conpound is to be used|for nop-ned | Nses, e.g. as anlinternediate in
the preparation of otherq conppunds, eveh this restrictign does not apply,
and there is then no restriction on the 15 nature of the |esters which may
be fornmed. Exanples of 2 ter groups includgy alkyl groups having froml to
20 carbon atonms, nore préferably froml to_#0 carbon atonms, such as those
exenplified in relation|to R3, Rﬁj R7 or and hi gher alkyl groups as are
well known in the art, such as|thé™d siik tridecyl, pentadecyl,

oct adecyl, 20 nonadecyl| and i cosyl oups; 10 cycloal kyl groups having
from3 to 7 carbon atomg, for exanpl € the cyclopropyl, cyclobutyl,

cycl opentyl, cycl ohexyl |and cy¢l oheptyl ‘groups; aral kyl groups, in which
the al kyl part has fromi4—+te-3carbon-atons—andthearylpart is a

carbocyclic aromatic group having from6 to 14 carbon atons, which nay be 5

Egﬁi;: tuted or upsHbAdvEYLBR 1, BRATRbAFoRds Skl i hst 8L QURS pbiiehidde the

compounds and also form a part of the present invention. The most preferred
compounds of the present invention are those compounds numbered 4, 6, 7, 8, 10, 14,

5 15,16,17,20, 21, 22 and 23 in the above Table.

When the compounds of the present invention contain a carboxy group, for

example when Rl or RS represents a carboxy group, the compounds of the invention
can form esters, which may be prepared by conventional esterification techniques.
There is no particular restriction on the nature of the ester, provided that, where the

10 resulting compound is to be used medically, the compound is pharmaceutically
acceptable, that is it is not less active, or unacceptably less active, nor more toxic, or
unacceptably more toxic, than the parent compound. However, where the compound is
to be used for non-medical uses, e.g. as an intermediate in the preparation of other
compounds, even this restriction does not apply, and there is then no restriction on the

I5  nature of the esters which may be formed.
Examples of ester groups include:

alkyl groups having from 1 to 20 carbon atoms, more preferably from 1 to 10 carbon

atoms, such as those exemplified in relation to R3, RS, R7 or R8 and higher alkyl
groups as are well known in the art, such as the dodecyl, tridecyl, pentadecyl, octadecyl,

20 nonadecyl! and icosyl groups;



phenet hyl, 1-phenyl ethyl, 3-phenyl propyl, 2-phenyl propyl, 1-naphthyl nethyl,
2- napht hyl net hyl, 2-(I-naphthyl)ethyl, 2-(2-naphthyl)ethyl, benzhydryl
(i.e. diphenylnmethyl), tiphenylnmethyl, bis -nitrophenyl)nethyl,

9-anthryl nethy), 2,4,6- trinmethyl benzyl, 4-bronobenzyl, 2-nitrobenzyl,

4-ni trobenzyl, 3-nitrobenzyl, 4 10 net hoxybenzyl and pi peronyl groups;

al kenyl groups having from2 to 6 carbongatons, such as the vinyl, allyl,
2-methylallyl, 1-propenyl and isopropenyl groups; hal ogenated al kyl groups
havi ng f r onsytlaatkyd groypehaying fipnt ¥ nd ¢arben atomgaioboxansple the, cyslopropyhs t he

2,2,2-trichloreethyl . 2-hal ocethyl (e.g. 2-chloroethyl, 2-fluoroethyl,
2- br onoet hy‘fyc"O%gb&rcyﬁl-qp@a%Ltcﬁf}f)g{?xé?‘f?@fciqh(g%ggwps’and 2,2,2-tri bronoet hyl
groups; substituted silylalkyl groups, for exanple the 2-tri(Cl -

C4) al kyl si | dhyhytousd, @ RAich (RSBREH i Bas Frofn 1 id TeArBYh Slohk! M e argr P#dis
substituted and Unsubstituted phenyl groups, for exanple the phenyl, tolyl

and benzani chubtroanlit arpnatip groupthayingsfram dtte d4 sadbon aniss whiahtreay phenacy!l
groups, for_ exanpl.e t he phenacyl group.itsel r the p-bronpphenacyl
oroup: " oy ol MBS By BFBUGERS BrartP G St Sl oot PR AR her 1
l'inalyl, ph plg}feh' I . - t h pyb, caryl,
pi nanyl , boe(rﬂyel\ﬁ%th%lé??;%ew%m@ﬁ?r pi ngﬁt%yWoﬁgger?mﬁgnﬁiﬂg}]yylhfngﬂéugbrgrb?henyI and
nor bonenyl maphthysmetBgl, ik orephtby Hethylg2 ¢2msphthyl)ethylcberizhedral lexy part has
from1l to 6, preferably froml to 4, carbon atons and itself be
subst i t ut eddip raﬁrg?tﬁzg ér'aﬁwﬁ@ﬁtﬁwhpg@-m@aﬁw 1, el lmeighe s

met hoxymet hyd t X , 41 Xy byt oxynet hyl
and net hoxy%&%%%%?xgla %?@Bﬁg{ﬁ??wgﬁ%ﬁglt ﬁcrﬁlg@{/eﬁg)gilglrﬂga&%zr%byps, in which
t he acyl0 grmathokgheprdfand pipeyoramh gedupggnoyl group and is nore preferably an
al kanoyl group having from2 to 6 carbon atons, and the alkyl part has

froml to 6, an referably from] to 4, carbon ato u s the
alkenyﬁj gr%ups ﬁa\%ng ¥rom fto é carbon atoms, sucQ as therﬁny , zﬁglﬁ-metmylallyl,

|-propeny! and isopropeny| groups;

halogenated alkyl groups having from 1 to 6, preferably from 1 to 4, carbon atoms, such
as the 2,2,2-trichloroethyl, 2-haloethyl (e.g. 2-chloroethyl, 2-fluoroethyl, 2-bromoethyl
15 or 2-iodoethyl), 2,2-dibromoethyl and 2,2,2-tribromoethyl groups;

substituted silylalkyl groups, for example the 2-tri{Cj - Cylalkylsilylethyl groups,

especially a 2-trimethylsilylethyl group;

substituted and unsubstituted phenyl groups, for example the phenyl, tolyl and

benzamidophenyl groups;

20 substituted and unsubstituted phenacyl groups, for example the phenacy| group itself or

the p-bromophenacyl group;

cyclic and acyclic terpenyl groups, for example the geranyl, neryl, linalyl, phytyl,
menthyl (especially m- and p- menthyl), thujyl, caryl, pinanyl, bornyl, norcaryl,

norpinanyl, norbornyl, menthenyl, campheny! and norbornenyl groups;

25  alkoxymethyl groups, in which the alkoxy part has from 1 to 6, preferably from | to 4,
carbon atoms and may itself be substituted by a single unsubstituted alkoxy group, such
as the methoxymethyl, ethoxymethyl, propoxymethyl, isopropoxymethyl, butoxymethyl

and methoxyethoxymethyl groups;



acet oxymet hyl , propi ony)oxynet hyl, butyryl oxynethyl, isobutyryloxynmethyl, 5

pi val oyl oxynet hyl , |- pival oyl oxyethyl, 1-acetoxyethyl,

| -i sobutyryl oxyethyl, |- pival oyl oxypropyl, 2-nethyl- | -pival oyl oxypropyl,
2- pi val oyl oxypropyl, | - isobutyryloxyethyl, I|-isobutyryloxypropyl, |

-acet oxypropyl, I|-ace toxy-2-nethylpropyl, | -propionyloxyethyl, I

- propi onyl oxypropyl, 2-acetoxypropyl andj|l -butyryloxyethyl groups; 10
cycl oal kyl -substituted aliphatic acyl oxyal kyl groups, in which the acyl
group is ptliwhatiaadyoxyalkyl Reonsiin yihnlghaaey | igsoupds ereferablyaasikanan sipwmnoy |

havi f. h l,oal kyl | has f
3 Vo 7" cor i AFBRepleforaPl R HRlp AT v N SR B o o L el B V7 o 1

to 4, carboglkAtfREhas Sleah] &s6,ldMa prefybRhexi |1 ac al exberitbis sudh as the
- (cycl ohexyl acet oxy) ethyl, 1 -(cycl ohexyl acet oxy) propyl, 2 15 methyl -1

- (cycl ohexytcgtoaymxiiybriopnibny leyoheshen byly detymeyhst inghutynyloxyegtybpent yi -
t thyl, |- I t.yl t I d, 2- | 5
eyl opont Db pguy G B T ARG door SyAmsthvhilaups.
especi al l'y aivéIayllssewr@?ﬂpQwelmyqyl)-sivbwmo&pwpﬂ, 25iedlo@dxy &Sy, 1-
| - met hoxycar bonyl oxyethyl , I - et hoxycar bonyl oxyet hyl ,’l - pr opoxycar bonyl oxy- 20
et hyl, I -i sephupyioxyeathybyisebupetyhoxlypiopiplit exstoaypropyll brgeokyL;methylpropyl,
| -i sobut bonyl |, - - but bonyl hyl ,
1L Doty ERRI AN Mot B KSEERTRORIAS) By
[-(1,1-dipr Mb@utoxycarbonyloxy)ethyl groups, and ot her

al koxycar bonyl al’kyl groups, in which both the al koxy and al kyl groups have
from | to 6, preferably fromlIto 4, carbon atons, such as the

2- et hyl0 | - ¢ickmpydpobsyindsd elaphatio ptydsyyaticyd grdups, in which the acyl group is
ot B L ORI ol S RE SR BF Y R B aving from 2 0

et hoxycar bogyh 8%y MY ihe HEBHRS su%mbaﬁlhléyhsafjoea%aeﬁméﬁsaﬁ'sm the alkyl
cycl oal kyl oxycar bonyl oxya I t he

yl groups, for exanple
1- met hyl cycpahkmsyftaad bobypreieyatdy fipin 1 to 4, carbon atoms, such as the
1- met hyl cycl ohex

cycl opent yl ﬁslgﬁ)‘%gar i %L%gy%g%gé?ﬁt‘%%%mﬂoﬁﬁwgfﬁf Rgstox)peop¥l: dnexyl o

Xy 15  methyl-1-(cyclohexylacetoxy)propyl, cyclopentylacetoxymethyl, 1-(cyclopentyl-
acetoxy)ethyl, I-(cyclopentylacetoxy)propyl and 2-methyl-1-(cyclopentylacetoxy)-
propyl, groups;

alkoxycarbonyloxyalkyl groups, especially 1-(alkoxycarbonyloxy)ethyl groups, such as
the 1-methoxycarbonyloxyethyl, 1-ethoxycarbonyloxyethyl, |-propoxycarbonyloxy-

20  ethyl, l1-isopropoxycarbonyloxyethyl, 1-butoxycarbonyloxyethyl, [-isobutoxycarbonyl-
oxyethyl, 1-sec-butoxycarbonyloxyethyl, 1-t-butoxycarbonyloxyethyl, 1-(1-ethyl-
propoxycarbonyloxy)ethyl and 1-(1,I-dipropylbutoxycarbonyloxy)ethyl groups, and
other alkoxycarbonylalkyl groups, in which both the alkoxy and alkyl groups have from
1 to 6, preferably from 1 to 4, carbon atoms, such as the 2-methyl-1-(isopropoxy-

25  carbonyloxy)propyl, 2-(isopropoxycarbonyloxy)propyl, isopropoxycarbonyloxymethyl,
t-butoxycarbonyloxymethyl, methoxycarbonyloxymethy! and ethoxycarbonyloxymethyl

groups;

cycloalkylcarbonyloxyalky! and cycloalkyloxycarbonyloxyalkyl groups, for example

the 1-methylcyclohexylcarbonyloxymethyl, i-methylcyclohexyloxycarbonyloxymethyl,
30 cyclopentyloxycarbonyloxymethyl, cyclopentylcarbonyloxymethyl, 1-(cyclohexyloxy-

carbonyloxy)ethyl, 1-(cyclohexylcarbonyloxy)ethyl, 1-(cyclopentyloxycarbonyloxy)-



car bonyl oxy) et hyl, 1-(cycl ohexyl carbonyl oxy) et hyl, |

-(cycl opentyl oxycar bonyl oxy) 12 ethyl, 1-(cyclopentyl carbonyl oxy)ethyl,
1- (cycl ohept yl oxycar bonyl oxy) et hyl, 1- (cycl oheptyl carbonyl oxy) et hyl,

1- net hyl cycl opentyl car bonyl oxynet hyl , 1-nethyl -

cycl opent yl oxycar bonyl oxynet hyl ,

2-met hyl -1-(1- nethylcyclohexylcarbonyloxmy propyl,

I -(1-nmethyl cycl ohex ar bonyl oxy) pr opyl 1 nethylcyclohexylcarbonyl 5
oxy) propyl , etzyl( by@{cérmnwl@abmmgaﬂwl pth- (;pyloﬂ-neptyloxycarbonyloxy)ethy
2- (cyclohex

net hyl cycl o %@ﬁ?@? gﬂﬁ{ﬁﬂ@g @?%V 55Wetﬂeltc?¥°%‘m%gwl%‘ﬁé‘}ﬁtwl I-methy!-

car bonyl oxygyRidpeMtyloxdcdrbon ﬁﬂétﬁ)wctmwml G%%Pbﬁ'y@%ﬁé@]&%ﬂnyldxy)
- (cycl opentyl - car bonyl oxy) propyl, 2-(cycl opentyl carbonyl oxy) propyl, |

- (1- et hyl clyropy:ipéqﬂt ymethdeydbahrexy lsanppeyloyy)prdpyl, (2|- 1-methylcyclohexylcarbonyl-

IR B A RS R e i S G

|-adaﬁantylﬁ@ﬁ?PPXIﬂ%&ﬁ&h&&oE&ﬁH@&%oﬁMGkﬂﬁkﬁMﬂQRKQﬁMﬁ?k?QB%r@ﬁya|ky|
groups, for exanple the cycl opropyl net hoXy- car bonyl oxymet
cyc:oﬁuty:nefﬁnwyuamgonylbxymm?ﬂyfwﬂ?onbpfnnwknvhho&% léa?hmnmybxynethyl,
cycl ohexyl met hox on - (cycl opropy X

faz bon?/l oxyzaéE(PMO"y rPE%}IC?EWﬂ, eﬁ%%@é&fgﬂ;& ﬂxbn@mﬁ%%‘:y‘:%pemyl'

-(cycl open (oF:1y y-
I-(cyclohexi%(ﬂpkggg%gﬂbgnyﬁgijﬁetﬁﬁk %fgupsymxgé”%gﬂf“%gﬁﬁt#yioxyalkyI and

t er penyl(ox ycabdnyxymeytall kadamgniyigashonfy tix y e thiyp | leadahrantylexycarbonyloxyethyl
(rment hyl oxycay bonyl oxy)ﬁéhyl | - (nent hyl car bonyl oxy) et hyl ,

ment hyl oxy il ?WﬁwﬁmﬁﬁﬁﬁﬁvPéarbonyloxynethyl
| - ( 3- pi nanyl oxycar bonyl oxy)ethyl, 1-(3 20 plnanylcarbonyloxy)ethyl

3- pi nanyl ox I ~pina _oups;
3By nany! OxuE AL RSy R AR BN RN B0
t he (5- rret hgdrbor@{@oymethyl @cdibntgdxheuheﬂyqaﬂjomrylolxym;:th@ﬁcpd:iepgﬂtylﬂwdm

1, 3-di oxol en- 4- yl)neth - i sopropyl - 2- oxo-1, 3-di oxol en-4-yl) et hyl ,
(5-1t - but yI -¢arbsayl qum&étwéx%ﬂc&hﬁmlmejh%fwbory@xaﬁwhyl 1-(cyclopropylméthoxy-

I - (5-mejdyl cagb%?ofy)éhﬂ' P)fg)lc%bufy%l h%&?é’arb(gl ?&k@?ethﬁnfi(cyclopentylmethoxy-

carbonyloxy)ethyl and 1-(cyclohexylmethoxycarbonyloxy)ethy! groups;

terpenylcarbonyloxyalkyl and terpenyloxycarbonyloxyalkyl groups, for example the 1-
(menthyloxycarbonyloxy)ethyl, 1-(menthylcarbonyloxy)ethyl, menthyloxycarbonyl-
oxymethyl, menthylcarbonyloxymethyl, 1-(3-pinanyloxycarbonyloxy)ethyl, 1-(3-

20  pinanylcarbonyloxy)ethyl, 3-pinanyloxycarbonyloxymethyl and 3-pinanylcarbonyl-

oxymethyl groups;

5-alkyl- or 5-phenyl- (2-oxo0-1,3-dioxolen-4-yl)alky! groups, for example the (5-methyl-

2-0x0-1,3-dioxolen-4-yl)methyl, (5-phenyl-2-0x0-1,3-dioxolen-4-yl)methyl, (5-

isopropyl-2-oxo-1,3-dioxolen-4-ylymethyl, (5-t-butyl-2-0x0-1,3-dioxolen-4-yl)methyl
25  and I-(5-methyl-2-0x0-1,3-dioxolen-4-yl)ethyl groups; and

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

indanyl and 2-0x0-4,5,6,7-tetrahydro-1,3-benzodioxolen-4-yl groups.

Also, if the compounds of the present invention contain a carboxy group, they
can be converted into salts with a base by conventional methods. There is no particular

30 restriction on the nature of such salts, provided that, where the compounds are to be



ot her groups, especially groups which are easily renoved in vivo such as
the phthalidyl, indanyl and

2-0x0-4,5, 6, 7-tetrahydro-1, 3- benzodi oxol en-4-yl groups. Also, if the
conmpounds of the present invention contain a carboxy group, they can be
converted into salts with a base by conventional nethods. There is no
particular 30 restriction on the nature3of such salts, provided that,
where the conmpounds are to be 13 wused nedically, the compounds are

phar maceut itég) mpdigalbe phatnrepoundsiarg pharmgsenticat ly accepiablio tem e eriwhesethgsed f or
non- nedi cal _uses, . e. as Lnter jate in_the.pr rafi f_at-her
Conpounds. R4 pe BodTor hENFIeHEE! F5E <if ob 9P vREERARE L¥Pe pithaftff

restricti onf oftfer EbRpHaHddf &eRfthit Retridibh Jodhidt Apprayaddahé@naedn nExesmmdtidn of
such salts include: salts 5 with an alkali netal, such as sodi um PotaSS|um
t

or |ithi umongh¢ natuigi affihesaltalvidughi may bafarmed nExamples ot suchsalsainclude:galte al ci um

salts w_th anoth nmetal, such as magnesi um qr.. al um ni niumsalts;
or gani ¢ SbasBiban glsall el syeh & sl e G i et e o it
triethyl ammnga) dichsQaReMm! RFhRAIM;GHE FIR¥NOE M&aREudi £)RAMRGHN @M ne; and
salts with a basic am no acid, such as Iysine or arginine. W 10 prefer

t he phar macéwmingmh] ammociept sabth;eorgaiit base Falts, sunimas arsdk vath mebylamisent

i nvention can al so .be converted .to salts with id by conventi onal
et hods, | THBmety iR, sisthy lAmiSE, dlsnroRAmIEE, SEORRYINIIGOE of such salts,

provided thatyclgHagy m?aﬁ@gmgﬁgﬂ?a Blsf &[ﬁnegciu,safihqewsﬁ?édasr%hfae papounds

are pharmacéutica ﬁ? accept a However, where the ‘conpound 1s to be used
for nor0l 5 prefdi thelphamexrcutically aasecpeabld salter nedi ate in the preparation of
ot her conpounds, even this restriction does not apply, and there is then

no restriction the nature. of the salts which may be forned. anpl es of
such salts incl :°°§%H°P§éjwftthe RECHREY HIveRdpryean a?%’stﬁ?e‘iﬂ“éiﬁlt‘iﬂ tﬁfak%ﬁ’gﬁ P03 ci ds

(such as h ' ' r Q.6 A6 aAVEe [eTMeT | '
hydr ooht or 1 ey et fthBas, THkORTB Tt ot IR Fatu A sl i o
acid or 20 mpbad@hai, evhaed e combbendsiatdtolbewsed melighidy)lthhampovads gkg, such as
nmet hanesul phonic acid, trifluoronethanesul phonic acid or ethanesul phonic
aci d; sal t Pharmacentisally aceppgahle Hewener, where the compound is to be used for non-

15  medical uses, e.g. as an intermediate in the preparation of other compounds, even this
restriction does not apply, and there is then no restriction on the nature of the salts
which may be formed. Examples of such salts include: salts with mineral acids,
especially hydrohalic acids (such as hydrofluoric acid, hydrobromic acid, hydroiodic
acid or hydrochloric acid), nitric acid, perchloric acid, carbonic acid, sulphuric acid or

20  phosphoric acid; salts with lower alkylsulphonic acids, such as methanesulphonic acid,
trifluoromethanesulphonic acid or ethanesulphonic acid; salts with arylsulphonic acids,
such as benzenesulphonic acid or p-toluenesulphonic acid; salts with organic carboxylic
acids, such as acetic acid, fumaric acid, tartaric acid, oxalic acid, maleic acid, malic
acid, succinic acid, benzoic acid, mandelic acid, ascorbic acid, lactic acid, gluconic acid

25  orcitric acid; and salts with amino acids, such as glutamic acid or aspartic acid. We

prefer the pharmaceutically acceptable salts.

The compounds used in the present invention are either known or may be

prepared by methods analogous to those used to prepare the known compounds.

The compounds of the present invention may therefore be used in the treatment
30 or prophylaxis of chronic and acute neurodegenerative discases or conditions or for

protection against ischaemic damage to tissues of peripheral organs, and, for these



such as benzenesul phoni c acid or p-toluenesul phonic acid; salts with
organi ¢ carboxylic acids, such as acetic acid, fumaric acid, tartaric
acid, oxalic acid, naleic acid, malic acid, succinic acid, benzoic acid,
mandel i ¢ acid, ascorbic acid, lactic acid, gluconic acid 25 or citric acid,
and salts with am no acids, such as glutamc acid or aspartic acid. W
prefer the pharmaceutically acceptable ga ts. The conpounds used in the
present invention are either known or nmay be prepared by nethods anal ogous
to those usRHPESSpRrapke WrmplatadswAnesHpadl Pharmarpeicabmsaaiatianseas spellyr esent

I nvention herefore ed | etr - P ' f
chronic ang@éétntlg tﬁ%%&‘o@@%é#%r%ﬁ@@%@ agegésdﬁglrmsé%%%?lt%p%’n%g §E¥4egi’r6hﬁ of

protection @BRisN&dpshleshaaiilss, JENEES, siuph, spediedr ofthepQichpiar ldovar faans or and,
for these 14 purposes, may be fornulated as conventional pharnaceuti cal
pr epar at i ongarerderally, exp|bly injepldans, spiaxsheyexrops, Tahpsi verpistard aipMpROLIoNEs; e
adm nistered orally, e.g. in the formof tablets, capsules, granules,
powder s, Syrups, rays or_aqather such wel | known f.orns. or. parent 1y,
6. g. by S nj ect | oheeee BpaeettisgEPrapiatonsian bE PrisH By Rpyctiiond pgs it d. i ¢,
etc. 5 ThesmapbatahkabivhGa|uvBhRah &ffeRBmnichly BRdRA eRafied, Ry ekanpent i onal
means and may contain known adjuvants of a type commonly used I1n this

field, for shailes, bindewshdisintegrataisnlobrieantsisiabilizeryr eorngents, leish depsading upon
stabilizers, carrjgents tc. dependi ng upan ,the.jintended use and. form of
he. pr epar b aenl S i R o R tRb N st splitig apol %, ARfoBody
Wel ght of té’%, ﬂﬂfb(ﬁi’}twéiéhwf'tlhe ﬁa‘iithPé%rWélh@s db%hlﬂl'ieena%ﬁ@ 2@ \&Ferity ofthet he 10

di sorder to be treafed, but in the case of 'oral adm nistration to an adult
human pH i edisgrdenie badrehttdnioutmatHeycastigfgesltadministrationdaianyddid fbemeif patremin 0. 01
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t he prepar agingla dofe drlie ddddgaiodosels e. gnfibineoriexanipbetidds a dhy.ustrates their
t herapeutic properties. In the Exanples, the follow ng abbreviations are

The invention is further illustrated by the following non-limiting Examples, of
I5  which Examples 1-23 illustrate the preparation of the compounds, while Example 24
illustrates their therapeutic properties. In the Examples, the following abbreviations are
used: br, broad; s, singlet; d, doublet; t, triplet; q, quartet; exch, exchangeable; DCM,
dichloromethane; DMF, N, N-dimethylformamide; HREIMS, high resolution electron
impact mass spectroscopy; HRFABMS, high resolution fast atom bombardment mass
20 spectroscopy; LRESMS, low resolution electrospray mass spectroscopy; NMM, N-
methylmorpholine; Pd/C, palladium on carbon; mp, melting point; TFA, trifluoroacetic
acid, THF, tetrahydrofuran; TLC, thin layer chromatography; SFM, serum free medium;
MEM, Minimum Essential Medium with Earle's salt; DMSO, dimethyl sulphoxide.
HREIMS and HRFABMS were obtained on a Jeol® IMS-AX505HA mass spectrometer.
25  LRESMS were obtained on a Fisons® VG Platform Benchtop LC-MS. NMR spectra
were obtained on a Bruker® AMX 400 spectrometer. IR spectra were run as KBr discs
and liquids as films, using a Nicolet® Impact 400D. Column chromatography was
performed with silica gel Prolabo® (200-400 mash). The Compound Nos. referred to in

the Examples are those assigned to the compounds in the foregoing Table 1.

30 EXAMPLE 1

2,3.4.9-Tetrahydro-1H-carbazole-2-carboxvlic acid [Compound No. 1]




used: br, broad; s, singlet; d, doublet; t, triplet; g, quartet; exch,
exchangeabl e; DCM di chl oronet hane; DVMF, N, N-di net hyl f or mam de; HREI M5,

hi gh resolution electron inpact nass spectroscopy; HRFABMS, high

resol ution fast atom bonbardnment mass 20 spectroscopy; LRESMS, | ow

resol ution el ectrospray mass spectroscopy; NVM N- nethyl norpholine; Pd/C
pal | adi um on carbon; np, nelting point; |§FA, trifluoroacetic acid, THF,
tetrahydrofuran; TLC, thin |layer chronmat ography; SFM serum free nedi um
MEM M ni mum Essential Mgli um rle's salt; DMSO, dinethyl sul phoxide.
HREI M5 and HRFABMS were gt ai ned jon a Jeol (r) JMS— Q5HA nmass

spectroneter. 25 L vverNaHgb arned on a Fi _ or m Bencht op
LC-Ms. NMR spectra obt ai ned gn a BruRer 0 sp?ectromater. I R

spectra were run as KBr discs ahd g, using a N colet(r)

| rpact 400D. Col um chromat ography was performed gith silica gel

Prol abo(r) (200-400 mash). The Conpound Nos. referred to in the Exanples
are those assigned to the conpounds in the foregoing Table 1. 30 EXAMPLE 1
2, 3, 4, 9- Tet r ahy drOxddyc e bareodrbe 2yl cac bb@290 ng, aci0d nﬁrﬁ‘ohpmudttso}wed ihlacgtic H 0
OH NHS COzH a 0 N H 3-Oxocycl ohexanecarboxylic acid 1.407 r

was di ssol \Pé@ Prankttervhich g gplytipmotpheny )’aﬂﬁiz@ﬁ(yos'ﬁgultg Wb‘l‘?é‘ﬁ?l“}ﬁp a2| ne

(160 ny, (5%94 %la)ddwatarggytgm Cifire (“%“ﬂgfﬁxgsﬁ‘%g& %}Wa@ ;gécﬂture

wth stirrin reaction ure Vias I’ltl UX for ours.

The reaéti thln'te)ﬂﬁ.lulf@r Masurk.hEhe fsaeﬂl(ﬂdmi)@uréﬁwmtlﬁ@rﬂmefeﬂttdlf@)m tehhpeddtendt, Wi t h
ethyl acetate and extracted with brine. The o‘[gganl c |layers were collected

and dried (Watedomth ethnlacetate ang sxiiastedadithrhsingy She grataic lpcanivets gotlededire. The
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product was re-crystallised from ethyl acetate/n-hexane to give a light brown
microcrystalline solid (191 mg, 63%), m.p.235-238°C [c.f. Asselin, A. A., et al, J. Med.
10 Chem., 1976, 19, 787-792, m.p.239-241°C; Allen, et al, J. Heterocyclic Chem., 1970, 7,
239-241, m.p.233-235°C]. IR (KBr): 3416, 3048, 2923, 2844, 1689, 1465, 1444, 1415,
1288, 1264, 1226, 935, 740 cm.” '"H NMR (DMSO0-dq): & 12.27(1H, s), 10.66(1H, s),
7.33(1H, d, J1=7.6Hz), 7.24(1H, d, J=7.6Hz), 6.98(1H, dt, J=1.2Hz and J=6.8Hz),
6.91(1H, dt, J=1.2Hz and J=6.8Hz), 2.89-2.62(5H, m), 2.17(1H, m), 1.87-1.81(1H, m).

15 EXAMPLE 2

1,2,3.4-Tetrahydrocyclopenta[b]indole-2-carboxylic acid [Compound No. 2|:

Oy OH

H
N-NH,
¥ — N
' N
H

0

CO,H

3-Oxocyclopentanecarboxylic acid {200 mg, 1.561 mmol) was dissolved in
acetic acid (3 mL) to which phenylhydrazine (180 mg, 1.665 mmol) in acetic acid (2
20 mL) was added at room temperature, with stirring. The reaction mixture was heated
until reflux for 2 hours. It was then left to cool to room temperature, diluted with ethyl
acetate and extracted with brine. The organic layers were collected and dried (Na;SOy),
and the solvent was removed under reduced pressure to give a black mass, which was

applied to a silica gel column chromatography using 1/1 ethyl acetate/hexane to elute



m crocrystalline solid (191 ng, 63%, mp.235-238C [c.f. Asselin, A A, et
al], J. Med 10 Chem, 1976, 19, 787-792, mp.239-241C, Allen, et al, J.

Het erocyclic Chem, 1970, 7, 239-241, mp.233-235C]. IR (KBr): 3416, 3048,
2923, 2844, 1689, 1465, 1444, 1415, 1288, 1264, 1226, 935, 740 cm-' 'H
NVR (DMBO-d6): S 12.27(1H, s), 10.66(1 H, s), 7.33(1 H, d, J=7.6Hz),
7.24(1 H d, J=7.6Hz), 6 98(1 H, dt, J=162Hz and J=6.8Hz), 6.91(1H, dt,
J=1.2Hz and J:6.8Hz}F 89-2.62(5H, nm,. 2. 17( n& 1.87-1.81(1H, m. 15
EXAVPLE 2 the produg éetcpang/%n%y@gélp‘eﬁ‘mmﬂ mﬁtddﬁ'e( 2= aPbysapicolecied and

[ Conpound . xylic
acid (200 ng I\tlge séa@&wer% %:'{ sso Pgr?maecetl ?(g%ﬁ%&?g&régagm vac”u)

phenyl hydraﬂdrﬁleth@Il&Qtdmexﬂan@ﬁﬁglmlh)ght tbroweﬁmfoc@fstadlu(e&ohawmha)g 152%), added at
roomtenperature, with stirring. The reaction mxture was heated until

reflux for m ph?déﬂsl 7°Q fe-frdgcaureq B. dtilcens, Gond Qlaviero bm Fevmpedrarut¥2, 28,1 ut ed

ol et a4 450 erag Fredoah KB el f B 2 Ue s B 4B P e

pressure tngsvma:nbi'a%Nmded-ag V2s7(18pH), |1e<31$1qq a,)s,nju(plq @el colum
chromat ography using 1/1 ethyl acetate/hexane to elute 16 the product.

Fractions doﬂ@éi%ﬂn%ﬂ(ﬂ Hed,rJeﬂlﬁH’Zé,(ﬁ Wi Hy dai=| Flzand 6. 81d2)e6.86( Ik dt.ed and
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m crocrystal I ine solid (48 ng, 15%, mp.215-217C [c.f. Lacoune, B.;
Mlcent, G and Adivier, A, TetrahgkompriiP32, 28, 5 667-674. mp.215C]. IR
(KBr): 3362, 3028, 2910, 2859, 1691, 1438, I411, 1323, 1277, 1238, 741

cm-" '"H NVR (DVBO-d6): 12.27(1H, s), 10.81(1H, s), 7.31(1H, d, J=7.6Hz),
7.27(1H0 d, 1239 BetrahvdsogiH{-tarbadol-4-dn¢ | Oompannd Ne63BHz) , 6. 92( 1H, dt ,

J=1.2Hz and J=6.8Hz), 3.76-3.68(1 H, m), 3.09-3.03(3H, ), 2.95(1H m).
0 0
s O — o)
N -~
N N
H

(1E)-1,3-Cyclohexanedione 1-(phenylhydrazone) (2.031 g, 10.045 mmol) was
dissolved in TFA (10 mL) at room temperature, with stirring. The reaction mixture was
heated under reflux for 8 hours, after which it was left at room temperature overnight.

15 The resulting dark-coloured solution was poured slowly over ice water, with stirring.
The semi-solid material was extracted with ethyl acetate and dried (MgSQy), and the
solvent was removed under reduced pressure, to give pale yellow solid which, upon
recrystallisation from methanol, gave 1.004 g. The mother-liquor was concentrated and
applied to a silica gel column chromatography using ethyl acetate/n-hexane (1/1)

20  Ry=0.15, to give an additional amount of the product as a white solid (80 mg) after the
recrystallisation from methanol. The total weight of the product obtained was 1.084 g,
58%, mp226-228°C [Clemo, G.R. and Felton, D.G 1, J.Chem.Soc., 1951, 700-702,
mp223°C). IR (KBr): 3144, 2937, 1622, 1581, 1468, 1406, 1250, 1175, 1140, 751 cm."
'H NMR (DMSO-dg): 11.83(1H, br); 7.95(1H, dd, J=2.3Hz & J=6.7Hz); 7.39(1H, dd,

25 J=1.3Hz & J=6.3Hz); 7.18-7.11(2H, m); 2.96(2H, t, J=6.1Hz); 2.42(2H, t, J=6.1Hz);
2.12(2H, q, J=6.4Hz).



EXAMPLE3 10 1, 2, 3, 9- Tetr ahydr o- 4H car bazol - 4- one (Conpound No. 31 O OLSD
(1E-1, 3- Cycl ohexanedi one 1-(phenyl hydrazone) (2.031 g, 10.045 mmol) was

di ssolved in TFA (10 nL) at roomtenperature, with stirring. The reaction
m xture was heated under reflux for 8 hours, after which it was |left at
room tenperature overnight. 15 The resulting dark-col oured sol ution was
poured slowy over ice water, with stirrdifng. The sem-solid material was
extracted with ethyl acetate and drlﬁg !Bgﬁgﬁ and the solvent was
removed under reduced pressure, yel I ow solid which, upon
recrystallisation frommethanol, gave 1.004 g. The nDther-Ilquor was
concent r at egs aRdr et hr omat ogr aphy usi ng et hyl
acet at e/ n- i onal anount of the
product as a white solid (80 ng) after the recrystallisation from

met hanol . The total weightl of the pr gpct obtained was 1.08H g, 58%

np226-228C [ A enp, G _Rx.ahd | t on, Gl, J. Chem Soc. 951, 700-702,
mp223C]. IR (KBr): 3 @ 29@ ;62 : , 1175, 1140,
751 cm"™ 'H NVR ( DM5&A6) : 11. 83( 1

J=2.3Hz &
J=6.7Hz); 7.39(1H, dd, 25 J=1.3Hz & J=6.3Hz); 7.1857. N(2H, m); 2.96(2H, t,
J=6.1 Hz); 2.42(2H, t, J=6.1Hz); 2.02(2H gq, J=6.4HzH 17 EXAMVPLE 4

2,3,4, 9-Tetrahvdro-1l—|—carbazo| 3-0l [Conpound No. 41: HOHOH NNHZ CIN O
H To a solutio of hydr clohe none ( in acetic
acid 5 (10 nl) H oA -h reiwﬂ@%axanﬂe 8)45377%1%1%2%@@09%@&3 tigragiswi se,
wth s

tigrr i(’?@ m@tphenylhydrazme (1.216 g, 11.249 mmol) was added dropwise, with stirring, at

room temperature. The material began to crystallise almost immediately and additional
acetic acid (5 mL) and ethanol (5 mL) were added. The reaction mixture was then
heated under reflux for 3 hours. The resulting dark red solution was concentrated under
reduced pressure to about 6 mL and then diluted with a sufficient amount of water to

10 produce clouding. Cooling and scratching induced crystallisation. The mixture was
filtered and the solid was washed with water. Crystallisation from methanol/water
followed by recrystallisation from ethyl acetate/n-hexane gave the required product as a
tan solid (670 mg, 44%), mp148-150°C [Gardner, P.D.; Haynes, G.R. and Brandon,
R.L., JOrg.Chem., 1957, 22, 1206-1210, mp148.5-149.5°C], Rg=0.32 (ethyl acetate/n-

15 hexane 1/1). IR(KBr): 3384, 2920, 2843, 1620, 1453, 1367, 1324, 1054, 1004, 744, 637
cm.”’ H' NMR (CDCl3): 7.81 (1H, br); 7.52(1H, d, J=7.4Hz); 7.34(1H, d, J=7.4Hz),
7.19(1H, t, J=6.3Hz); 7.16(1H, t, 6.3Hz); 4.33(1H, m); 3.18(1H, dd, J=4.8Hz &
J=15.2Hz); 2.98-2.74(3H, m); 2.22-2.04(2H, m); 1.77(1H, br).



roomtenperature. The material began to crystallise alnost imediately and
additional acetic acid (5 nL) and ethanol (5 nL) were added. The reaction
m xture was then heated under reflux for 3 hours. The resulting dark red
sol ution was concentrated under reduced pressure to about 6 nL and then
diluted with a sufficient anbunt of water to 10 produce cl oudi ng. Cooling
and scratching induced crystallisation. [§he m xture was filtered and the
solid was washed with water. Crystallisation from nethanol/water followed
by recrystallisation fromethyl acetate/n-hexane gave the required product
as a tan solid (670 ng, 44%, npl48-150C [ Gardner, P.D.; Haynes, OR and
Brandon, R L., J.Og.Chem, 1957, 22, 1206-1210, np]48.5-149.5C], Rr0.32
(ethyl acetate/n 15 hexane 1/1). | RERBAMPIFZE64, 2920, 2843, 1620, 1453,
1367, 1324, 1054 1004 744, 637 cm-i H NWR (CDC13): 7.81 (1H, br);
7.52(|l4 d, - . ; 7 19(IF1 t, J=6.3Hz); 7.16(IH,
t, 6.3Hz); £ M€)=15. 2Hz) ; 2.98-2.74(3H
m; 2.22-2. 04(2H n) 1, 77(1 H, br) 18 EXAMPLE 6 (a)
1, 4- Di oxaspi rol4. 51decan- 8- one phnﬁ%Ihydra2|ne OO0~ H O() .NH2 N OO5
Phenyl hydrazine (1.098 g, 10.155 ) was dissolv e (20 nL), to
whi ch was added 1, 4 xaspiro[ 4. ecan- 8- one %g C155 nmml ). The
reaction mxture mg::jgﬁ ﬁea&ed under—refybu tes, after which
the solvent was re un ed pressur o] glve t he product as an
orange oil (2.370 g, 95%, whichOwaS used in tHe next reaction w thout
further purification. 10 (b)
1, 2,4,9-Tetrahydo- spi rol carbazol e-3, 2' - 11, 3- di oxol anel (Conpound No. 61
O_~

5

Phenylhydrazine (1.098 g, 10.155 mmol) was dissolved in toluene (20 mL}), to
which was added 1,4-dioxaspiro[4.5]decan-8-one (1.586 g, 10.155 mmol). The reaction
mixture was then heated under reflux for 30 minutes, after which the solvent was
removed under reduced pressure, to give the product as an orange o0il (2.370 g, 95%),

which was used in the next reaction without further purification.

10 (b) 1,2.4.9-Tetrahydo-spirojcarbazole-3,2’-[1,3-dioxolane] [Compound No. 6]

@fg“ﬁ 9 — %}

1,4-Dioxaspiro[4.5]decan-8-one phenylhydrazine [2.360 g, 9.581 mmol,

prepared in step (a)] was dissolved in ethylene glycol (25 mL). The reaction mixture
was heated at 180°C for 4 hours and then left to cool to room temperature, after which it
15 was poured over water at 0°C, extracted with dichloromethane (50 mL) and dried
(MgSQ,). The product was obtained as a pink solid, which was recrystallised from
ethyl acetate/n-hexane to give a white solid (1.030 g, 47%), Ry=0.75 (ethyl acetate/n-
hexane 1/1), mp146-148°C [Urrutia, A. and Rodriguez, J.G., Tetrahedron, 1999, 33,
11095-11108, mp146-148°C]. IR (KBr): 3405, 2975, 2897, 1620, 1587, 1463, 1436,
20 1373, 1296, 1152, 1097, 1054, 1019, 945, 739 cm.” 'H NMR (CDCls): 7.75(1H, br);
7.43(1H, d, J=7.5Hz), 7.28(1H, d, J=7.5); 7.12(1H, dt, J=6.0Hz & 1.3Hz); 7.07(1H, dt,



HO NNONI11 O H 1, 4-Di oxaspiro[4.5]decan-8-one phenyl hydrazi ne [2. 360
g, 9.581 mmpl, prepared in step (a)] was dissolved in ethylene glycol (25
m.). The reaction m xture was heated at 180C for 4 hours and then left to
cool to roomtenperature, after which it 15 was poured over water at 0C
extracted with dichloronethane (50 nL) and dried (MySO4). The product was
obtai ned as a pink solid whi ch was recnystallised fron1 ethyl

acetate/ n-hexane to give a white solid &3 8 :=0. 75 (et

acet at e/ n- ﬁé)@éﬁe&iﬁ Z) 47]5!146)—31%@1 58 H,aﬁ) 26\ SQHdt FE‘@@H@Q)@ZWQHG

Tet rahedr on_ é%&? 11095-11108, npl46-148C]. IR (KBr): 3405, 2975
2897, 1620 f 1463 1436, 20 1373, 1296, 1152, 1097, 1054, 1019, 945,

739 cm-'" "H NWR (CDC13): 7.75(IH, br); 7.43(IH d, J=7.5Hz); 7.28(1H d,
J=7.5); 7.12(1H, dt, J=6.0Hz & 1.3HEXAMPMKIH, dt, 19 J=6.0Hz & 1.3Hz),;
|-4.03(4H, m; 2.98(2H, s); 2.95(2H, t, J=6.5Hz); 2.09(2H, t,

.5Hz). EXAMPLE 7 1,2,4,9-Tetrahydro-3H carbazol - 3-one [ Conpound No. 71
30 ao Ih2.h9-Fetrahvdrpr3H-cagbazol3ione [Gomppund No. 7]

, 4, 9-Tetr ahydo- splro[carbazole 3,2'-[1, 3-di oxol ane] (200 ny, 8.723
rrrml) in THE (30 nL) wa dgochl oric acid (7 nL, 159 . The m xture

was stirred at roomte 2 2 hours, n allsedasmth sodi um
carbonat e 0
N — |
N

5 H

I\JOCDH

To a solution of 1,2,4,9-Tetrahydo-spiro[carbazole-3,2’-[1,3-dioxolane] (200
mg, 8.723 mmol) in THF (30 mL) ,was added hydrochloric acid (7 mL, 15%). The
mixture was stirred at room temperature for 2 hours, neutralised with sodium carbonate
(solid), and then extracted with dichloromethane and dried (MgSQOy). The solvent was

10 removed under reduced pressure and the crude product was purified by column
chromatography using ethyl acetate/n-hexane (1/2) as eluant. The product was obtained
as a white microcrystalline solid (120 mg, 65%), Rg=0.17, mp156-158°C [Urrutia, A.
and Rodriguez, J.G., Tetrahedron, 1999, 55, 11095-11108, mp157-159°C]. IR (KBr):
3382, 2962, 2915, 1707, 1465, 1435, 1328, 1164, 990, 745 cm.” "H NMR (CDCl5):

15 7.88(1H, br); 7.45(1H, d, J=7.7Hz); 7.35(1H, d, J=7.7Hz); 7.19(1H, t, J=7.1Hz);
7.13(1H, t, J=7.1Hz); 3.63(2H, s); 3.19(2H, t, J=6.9Hz); 2.82(2H, t, J=6.9Hz).

EXAMPLE 8

3.4-dihvdrocyclopenta[b]indol-1{2H)-one [Compound No. 8]

O
Cr$ — O
N H
H
20 An ice-cooled solution of 1,2,3,4-tetrahydrocyclopenta[b]indole (1.006 gm,

6.361 mmol) in a mixture of THF (15 mL) and water (1.5 mL) was deoxygenated by

passing a stream of nitrogen through it for 10 minutes. It was then maintained under an



(solid), and then extracted with dichloronethane and dried (MgSQX). The
sol vent was 10 renoved under reduced pressure and the crude product was

purified by columm chromat ography usi ng ethyl acetate/n-hexane (1/2) as
el uant. The product was obtained as a white mcrocrystalline solid (120
ng, 65%, RF 0.17, npl56-158C [Urrutia, A and Rodriguez, J.G,

Tet rahedron, 1999, 55, 11095-11108, npl13¢-159C]. IR (KBr): 3382, 2962,

2915, 1707, 1465, 1435, 1328, 1164,.990 5cm H NVR 1 3): .15
7.88(1H, bA™mo ?ﬁr@éﬂftrwn hlst g 5glution %fs?(aiﬁsch ,ro-?ﬁ@*?mofﬁ%@%@:mp?
J=7.1Hz2) i (3288614.133 méwl) diktelved3n GBEAMR nSD)) wak aHAE® bboplwiselilr g?@ﬂdd of
2.82(2H, t, J=6.9Hz).” EXAMPLE 8 3, 4-di hvdrocvcl opent al bl'i ndol - I( 2H) - one
[ Conpound N&.miites0Sti€jng wasHhéh c@inped for @-fuldr didus theureacsonohixture being

1,2, 3,4-tetrahydrocycl opent aJ b] i ndol .1.006 gm, .6.361. nmp in a mxture
o T (10 WA BPD e G SR R At o BBy AL, the v o of
nitrogeR t L 1 I j i 0

at m)sphgr ehg%{gﬁtarr%%fé)ﬁ{%%l@;regag% mltl (ithon o%ptpn@&] tﬁé[%l%%%gap Wgs{unﬁ{hﬂ%

2, 3- di chl orthe profuds elysedarsingetind nzetgneionbn eThré ScRAOfing wededusé@ B pordly Yhidli ssol ved
in THE (12 nl) .was, added dropwi se over peri .o 107 nut es. Lrring
was t hen cd?ﬁt?rﬂﬂ!eihﬁafodactquwmwn e yeﬁ\ﬁ’év %&géﬁwgnﬁj&g};mﬁrﬁ% al | owed

t t 3 { i i . i ) | t
O warmto (a&%mgéaﬁeﬁmpgmo &B&l%gﬁagﬁaﬁfﬁ%h% ,S['ﬁ%gngﬁ@zt hen ga‘m,sr&?o,%% ven

5 then leftt a red-bro sol 1 d resi appFied to
chr omat ogr disepas-dlalderora id; MahmepRaphll N.; SatdiaBlanso, ), Bétlahedraact985e onl y.
Three cal ums were used to gurif this material. e pr.oduct was obtai ned

Th
as a ydll ovi/6Vi B183583np2 25949 Chp I K B5 8210 heipbbi 1t bnhd29R1249 10
t hyl t / / i . ; : T .
(Egt e)l;an?g:gl lag?’oln%b@(; rt :]f)rilg'lzl\k E(E%M #bl%@l ;19.8515,@;}?;62@ %,I’ cg] , 7'%13%)1’ ahedr on,
1985, 10 4]7148)H, 83%3:388231.2 (pASdt, 25ATHz & RAHKB7)1.5( B2 1A, J1=165%: &164HM4k); 1471,
1429, 1241’3.08(21{, m); 2.82(2H, m).



1152, 1047, 738 cm-1 IH NVR (DMSO-d6): 12.01(1H, br); 7.67(1H, d,

J=7.3Hz); 7.45(1H, d, J=7.3Hz); 7.21(IH dt, J=7.2Hz & 1.4Hz); 7.15(1H,

dt, J=7.2Hz & 1.4Hz); 3.08(2H, m; 2.82(2H m. 21 EXAMPLE 9

6- Met hoxy- 2, 3, 4, 9-t et rahydr o-| H car bazol -3-0l [ Conpound No. 91 H3COJ / NH
NH2 + O OH 10 H3CO/ NH N~OH 1 OH H3CO Q N H 4-Methoxyphenyl hydrazi ne
(0.644 g, 3.688 nmol) was suspended in &tetic acid 5 (20 nL) and et hanol

(10 mL). 4-Hydroxycycl ohexanone (0.420 ng, 3.688 nmol) was dissolved in
acetic acid (10 nL) and then added tEXAMRPIIEEQcCti on m xture at room
tenperature, with stirring. The reaction mxture was heated under refl ux
for 3 hours. The solvents were partially renoved under reduced pressure
and then t Helvke th3.4.9tetrs A eirbazdd B -oli [(Compouad h\im@lm_) and extracted
with ethyl acetate (2x50 nL). 10 The organic |ayers were collected and

dried (MgS™4), an he sol vents were~renoved under reduced pressure to
gi ve a brown,00 N ude mrom@soﬁuﬂ—f—i—ledeoNyphr orat ogr aphy
usi ng silica gel (edHpy! acet at - hexane %). Frad nsng t he
required material were collected and the sol vent renpved under “+€duced
pressure to give the product as a fine crystalline material (661 ng, 83%,
npl00-103C [C W Bird, 15 AGH We, J.Heterocycl.Chem | 1985, 22,

191- 192, np] 03-106C], RF=0.17 (ethyl acetate/n-hexane 1¥1). IR (KBr):

3392, 2916, 2841, 1622, 1590, 1483, 1436, 1214, 1176, 105001020, 830, 798
cm-' "HNW (CDC13): 7.60(1H, br), 7.219(IH, dH}CO

\
N
H

4-Methoxyphenylhydrazine (0.644 g, 3.688 mmol) was suspended in acetic acid
5 (20 mL) and ethanol (10 mL). 4-Hydroxycyclohexanone (0.420 mg, 3.688 mmol) was
dissolved in acetic acid (10 mL) and then added to the reaction mixture at room
temperature, with stirring. The reaction mixture was heated under reflux for 3 hours.
The solvents were partially removed under reduced pressure and then the reaction
mixture was diluted with water (25 mL) and extracted with ethyl acetate (2x50 mL).

10 The organic layers were collected and dried (MgSOy), and the solvents were removed
under reduced pressure to give a brown oil. The crude product was purified by column
chromatography using silica gel and (ethyl acetate/n-hexane '4). Fractions containing
the required material were collected and the solvent removed under reduced pressure to
give the product as a fine crystalline material (661 mg, 83%), mp100-103°C [C.W. Bird,

15 A.G.H. Wee, J Heterocycl Chem., 1985, 22, 191-192, mp103-106°C], R¢=0.17 (ethyl
acetate/n-hexane 1/1). IR (KBr): 3392, 2916, 2841, 1622, 1590, 1483, 1436, 1214,
1176, 1050, 1020, 830, 798 cm.” '"H NMR (CDCl3): 7.60(1H, br), 7.19(1H, d,
1=8.7Hz), 6.92(1H, d, J=2.4Hz), 6.81(1H, dd, J=2.4 & 8.71Hz), 4.29(1H, m), 3.86(3H,
s), 3.09-2.67(4H, m), 2.11-2.02(2H, m), 1.75(1H, br).



J=8.7Hz), 6.92(1 H, d, J=2.4Hz), 6.81(1 H, dd, J=2.4 & 8.71 Hz), 4.29(1 H,
m, 3.86(3H s), 3.09-2.67(4H, m, 2.11-2.02(2H, m, 1.75(1H, br). 22
EXAMPLE 10 7, 8-Di nmethyl -2, 3,4, 9-tetrahydro-1 H carbazol - 3-ol | Cormound No.
101 NHz R-NH + OOH NH~ N OH OH >9:N H 2,3-Dine thy] phenyl hydrazi ne
(0.643 g, 3.723 mmol) was suspended in acetic 5 acid (20 nL) and et hanol
(10 nmL). 4-Hydroxycycl ohexanone (425 ng223.723 mol) was dissolved in
acetic acid (10 nL) and then added to the reaction m xture at room
tenperature, with stirring. The reapkiAMPIEXiUre was then heated under
reflux for 3 hours. The solvents were partrally renoved under reduced
pressure and then t he reactlon nlxture was dlluted with water (25 nL) and
extracted J ' : ; s janued NoyEQls wer e
col | ected and drled (NgSO4) and the solvents were renoved under reduced
pressure to give a ﬁgpmn oil. The_crude product was urlfled by col um
chromatograp §|I1+ca B @\ Off bl gcetate/ Fractlons
cont ai ni ng t he eqU|red naterla re collected and mqﬁ{rennved
under reduced pyessure. The product was obtained ag a pale

m crocrystalline material 15 (410 ng, 51%, npl92-195C, Rt=0.39 (ethyl
acetate/ n-hexane 1/1). I R(KBr): 3408, 2915, 2847, 1622, 1592, 1443, 1413,
1365, 1324, 1086, 1037, 795 cm-' '"H NVR (DVBO-d6): 1Q.32(1H, s), 7.02(IH,
d, J=7.8Hz), 6.73(IH, d, J=7.8Hz), 4.72(1H, d, J=4.3H2), 3.94(IH n),
2.87-2.67(3H, m, 2.43(1H nm), 2.30(3H s), 2.27(3H, s), PB7(1 H m,
1.78-1.69(1 H m. HRFABMS: Found 216. 13952 cal cul at ed C14H 8ON

2,3-Dimethylphenylhydrazine (0.643 g, 3.723 mmol) was suspended in acetic
5 acid (20 mL) and ethanol (10 mL). 4-Hydroxycyclohexanone (425 mg, 3.723 mmol)
was dissolved in acetic acid (10 mL) and then added to the reaction mixture at room
temperature, with stirring. The reaction mixture was then heated under reflux for 3
hours. The solvents were partially removed under reduced pressure and then the
reaction mixture was diluted with water (25 mL) and extracted with ethyl acetate (2x50
10 mL). The organic layers were collected and dried (MgS0Q,), and the solvents were
removed under reduced pressure to give a brown oil. The crude product was purified by
column chromatography using silica gel and (ethyl acetate/n-hexane '%2). Fractions
containing the required material were collected and the solvent was removed under
reduced pressure. The product was obtained as a pale yellow microcrystalline material
15 (410 mg, 51%), mp192-195°C, R¢=0.39 (ethyl acetate/n-hexane 1/1). IR (KBr): 3408,
2915, 2847, 1622, 1592, 1443, 1413, 1365, 1324, 1086, 1037, 795 cm.” 'H NMR
(DMSO-dg): 10.32(1H, s), 7.02(1H, d, J=7.8Hz), 6.73(1H, d, ]=7.8Hz), 4.72(1H, d,
J=4.3Hz), 3.94(1H, m), 2.87-2.67(3H, m), 2.43(1H, m), 2.30(3H, s), 2.27(3H, s),
1.97(1H, m), 1.78-1.69(1H, m). HRFABMS: Found 216.13952 calculated for C;sH,;3ON
20  216.13884.



20 216.13884. 23 EXAMPLE 11

5,8-Dinethyl -2,3,4,9-tetrahydro-| H carbazol - 3-ol | Conpound No. 111 NH + O
OH 1 4NH NHz NOH OH N H 2, 5- D net hyl phenyl hydrazi ne (0.643 g, 3.723
mol ) was suspended in acetic 5 acid (20 nL) and ethanol (10 ni).

4- Hydr oxycycl ohexanone (0.425 ng, 3.723 mmol) was dissolved in acetic acid
(10 nL) and then added to the reaction @gxture at room tenperature, with
stirring. The reaction m xture was then heated under reflux for 3 hours.
The solvents were partially renovedpypdgpLEgduced pressure and then the
reaction mxture was diluted with water (25 nL) and extracted with ethyl
acetate (2x50 10 nL) The organlc Iayers wer e coIIected and dried (MySH4),
and t he sola byil-@ &telre ] ALl oG nd () 0og

The crude product mas purlfled by col um chronatography u3|ng silica gel
and (ethyl acetate/n-hexane %). Fractions containjng the required

mat eri al wereycol | ected and the sql vent was renoved reduced
pressure. The H AR ystal line
material 15 \: rrgNH{;4% 61C, Ri =0.39 (eth 3t @ gxane
1/1). IR (KBr): 8423, © 3269, 2930 2852, 1615, 1580, 1314, 1456/ 1378,
1327, 1054, 1030, 801 cm "l 'H NWR (DNBC>d6) 1041(1 H, ) 6. 61(1 H, d,
J=7.3 Hz), 6.52(1 H, d, J=7.3 Hz), 4.72(1Hd, J:4.2Fti, 3.93(1H, m,

3.23(1H, m, 2.76-2.67(3H, m, 2.5](3H, s), 2.32(3H ), 1.98(IH m,
1.73(1H, m. HRFABMS: Found 216.13783 cal cul ated for 0 gifH 8ON
216.13884. 24

N
N
H

2.5-Dimethylphenylhydrazine {(0.643 g, 3.723 mmol) was suspended in acetic
5 acid (20 mL) and ethanol (10 mL). 4-Hydroxycyclohexanone (0.425 mg, 3.723 mmol)
was dissolved in acetic acid (10 mL) and then added to the reaction mixture at room
temperature, with stirring. The reaction mixture was then heated under reflux for 3
hours. The solvents were partially removed under reduced pressure and then the
reaction mixture was diluted with water (25 mL}) and extracted with ethyl acetate (2x50
10  mL). The organic layers were collected and dried (MgSQ,), and the solvents were
removed under reduced pressure to give a brown oil. The crude product was purified by
column chromatography using silica gel and (ethyl acetate/n-hexane '2). Fractions
containing the required material were collected and the solvent was removed under
reduced pressure. The product was obtained as a pale yellow microcrystalline material
15 (431 mg, 54%), mp158-161°C, Ry=0.39 (ethyl acetate/n-hexane 1/1). IR (KBr): 3423,
3269, 2930, 2852, 1615, 1580, 1514, 1456, 1378, 1327, 1054, 1030, 801 cm."
'M NMR (DMSO-dg): 1041(1H, s), 6.61(1H, d, J=7.3Hz), 6.52(1H, d, J=7.3Hz),
4.72(1H.d, J=4.2Hz), 3.93(1H, m), 3.23(1H, m), 2.76-2.67(3H, m), 2.51(3H, s),
2.32(3H, s), 1.98(1H, m), 1.73(1H, m). HRFABMS: Found 216.13783 calculated for
20 Cy4H;3ON 216.13884.



EXAMPLE 12 8- Met hoxy-1, 3, 4, 5-tetrahydrot hi opyrano[ 4, 3-bl i ndol e 2, 2-di oxi de

[ Conpound No.

hydrochl oride (1.228 g, 7.031 mmol) and tetrahydro-4H thiopyran-4-one

1,1-dioxide (1.042 g, 7.031 mmol) were suspended in ethanol (25 nL). The

reaction m xture was then heated under reflux for 1 hour. The solid

mat eri al

121 H3CO 0:0 NH3CO HS=0 Z NO H 5 4-Mthoxyhydrazi ne

that precipitated was filtere@4off, washed with water and a snal |

anount of ethanol and then dried under reduced pressure at 60C to give the
desired material as a brown solid (FRAMPLFDL2 45% , np283-286C

(deconposi tion).
1269, 1219, 1164, 1101, 1024, 892, 814 cm-' 'H NVR (DVBO- d6):

s), 7.21(1H8-Methoxygl I tetrnbydrothionyramed Igmindole2.2atiaxide {idompegndiNg.

8. 7Hz), 4.

J=6. 1Hz) .

2H,s), 3.74(3H, s), 3.45(2H, t, J=6.1Hz), 3.23(2H, t,
ABMS: Found 252. 06877 cal cul ated for Cl12H 403NS 252. 06944.

IR (KBr): 3343, 2994, 2937, 1623, 1592, 1484, 1455, 1314,
10. 93(1 H,

15

EXAMPLE 13 2, 3,4, 9-Tetrahydro-1H car bazol e- 6-car boxylic acid [ Conpound No.

131 OHOO N NH2 HN H 4-Hydrazinobenzoic acid (760
and cycl ohexanone (6BZ0n
and then sul phur

m nut es,

reaction m xture was heat?&g @d@ l UX,—wit st @
H §=0 N

10

15

20

4-Methoxyhydrazine hydrochloride (1.228 g, 7.031 mmol) and tetrahydro-4 /-
thiopyran—4-0ne 1,1-dioxide {1.042 g, 7.031 mmol) were suspended in ethanol (25 mL).
The reaction mixture was then heated under reflux for 1 hour. The solid material that
precipitated was filtered off, washed with water and a small amount of ethanol and then
dried under reduced pressure at 60°C to give the desired material as a brown solid (789
mg, 45%), mp283-286°C (decomposition). IR (KBr): 3343, 2994, 2937, 1623, 1592,
1484, 1455, 1314, 1269, 1219, 1164, 1101, 1024, 892, 814 cm.” 'H NMR (DMSO-
de): 10.93(1H, s), 7.21(1H, d, J=8.7Hz), 6.95(1H, d, J=2.3Hz), 6.73(1H, dd, ]=2.4 &
8.7Hz), 4.38(2H,s), 3.74(3H, s), 3.45(2H, t, I=6.1Hz), 3.23(2H, t, J=6.1Hz).
HRFABMS: Found 252.06877 calculated for C;;H,403;NS 252.06944.

EXAMPLE 13

2.3.4.9-Tetrahydro-1H-carhazole-6-carboxylic acid [Compound No. 13]

0 O
HO 0
NNHZ + —» HO N
H N
H

4-Hydrazinobenzoic acid (760 mg, 4.995 mmol) and cyclohexanone (637 mg,
6.490 mmol) were mixed and heated at 70°C for 15 minutes, and then sulphuric acid (20
mL, 10%) was added and the reaction mixture was heated under reflux, with stirring, for
30 minutes. The reaction mixture was cooled to room temperature and the solid formed

was filtered off, washed with water and dried under reduced pressure to give the

, 4.995 mmmol )
&eOat 70C for 15



30 mnutes. The reaction m xture was cooled to roomtenperature and the
solid formed was filtered off, washed with water and dried under reduced
pressure to give the 25 required product (1.010 g, 99% as a |light brown
solid, nmp275-278C [Burtner, Lehmann, J.Aner.Chem Soc., 1940, 62(3),
527-532, mp279C]. IR (KBr): 3399, 2941, 2907, 2848, 1671, 1615, 1465,
1412, 1316, 1275, 1247, 1127, 954, 771 2¢m" 'H NWR (DIVISO d6): 12.23(1H,
br), 11.01(1H, s), 8. 01(1H s)6 7.64(1H, dd, 3=1.6 é 5 7.29(1H, d,
J=8. 4kz), Zequiediproduct (=& OyPp%)2s gdight prown sqlid, r@lﬂ%—" 2718 @é YIRS AH, 1) .

kg e SO B Garoppesl L PR Ry Sieih

4- Hydr azi noenzasue, m19161756®4@1;14412 93%6,M75) 1 247d | 2Aesh oy eyl ohexaikne 10
(960 ny, 7. 493 nnDI) were m xed together and heated at 80C for 15m nutes,
and then  SOMSHodbY 12886 H, %00, 101 (idhg9)micl (MRl &HA Hh Fidh FdehoioHHLam xt ur

b aci pi 0ot dit it S 40k 71y Eth B DGR ARl IR LA BRI, "0 "

dried under reduced pressure. The product was obtained as a brown solid
(517 mg, 45%, np275-280C, althoughEXAMPDE 14he material 15 sublined [S.,
Desi kachari, P., Kamam J. Rajend, Heterocycles, 1986, 2421711-717,

np285- 286C] . Sone of thls naterlal was further purlfled by colunn

chr omat ogr alpy ahyd {tcanbayole-6 XN hionHeand No, 14
contai ning the product wer e coIIected and the sol vents were renpoved under
reduced pressure to give a yellom/solld IR (KBr): 3248, 2931, 1680, 1650,
1612, 1417, 1326 1 8, 1162, 901, 826¢ 770 cm"

O
H3CO
+ —» HO N
N O
H

4-Hydrazinobenzoic acid (760 mg, 4.995 mmol) and 2-methoxycyclohexanone

10 (960 mg, 7.493 mmol) were mixed together and heated at 80°C for 15minutes, and then
sulphuric acid (30 mL, 10%) was added and the reaction mixture was heated under
reflux for 30 minutes, with stirring. After cooling, the precipitated material was filtered,
washed with water and n-hexane and dried under reduced pressure. The product was
obtained as a brown solid (517 mg, 45%), mp275-280°C, although most of the material

15  sublimed [S., Desikachari, P., Karnam, J. Rajend, Heterocycles, 1986, 24(3), 711-717,
mp285-286°C]. Some of this material was further purified by column chromatography
using silica gel and ethyl acetate/methanol 1/1. Fractions containing the product were
collected, and the solvents were removed under reduced pressure to give a yellow solid.
IR (KBr): 3248, 2931, 1680, 1650, 1612, 1417, 1326, 1258, 1162, 901, 826, 770 cm.”!

20 'HNMR (DMSO-dg): 11.60(1H, s), 8.32(1H, s), 7.96(1H, d, J=8.6Hz), 7.34(1H, d,
J=8.6Hz), 2.95(2H, t, I=6.4Hz), 2.55(2H, t, ]=6.4Hz), 2.14(2H, t, ]=6.4Hz).



20 'H NVR (DMSO-d6): 11.60(1H, s), 8.32(1H, s), 7.96(1 H, d, J=8.6Hz),
7.34(1H, d, J=8.6Hz), 2.95(214, t, J=6.4Hz), 2.55(2H, t, J=6.4Hz),

2.14(2H, t, J=6.4Hz). 26 EXAMPLE 15

6- Met hoxy- 2, 3, 4, 9-tetrahvdr o-| H car bazol e- 2- carboxylic acid (Conpound No.
151 H3CO 0 HBCO OH y& jp~ NNHZ. HCO + HO1 1l :~N\ 0 HOMHThis materi al
was prepared according to a standard |litx@rature procedure (80% 5 yield) as
white solid, R :=0.22 (ethyl acetatel/n-hexane 1/1), np226-228C [ All en,

J. Heterocycl. Chem, 1970, 71239, nmp#aoep(@ 15! R (KBr): 3386, 2926, 1695,
1591, 1481, 1457, 1432, 1287, 12437 121#, 1133, 1029, 949, 809 cm"' 1H
NVR (DMSO d6): 12.26(1H, br), 10.48(IH, s), 7.13(IH d, J=6.6Hz), 6.82(IH,
d, J=2.4Hz)6¢-Mxthdxy-2{3.4,Htetralnird-1&/-8arbidzdle-23carBoSHic aid |QoiBpe@nd BoSH] ),
2.14(1H, nm, 1.81(1H m. 10 EXAMPLE 16 Met hyl

2,3,4,9-tetrahvdro-| H carbazol - 6-yl ether (Conmpound 161 H3CO 0 H3CO\ H N

H 4- Met hoxyhydeezi ng_ hydrochloride (1.746 g, 0.01 nol) was spepfed in
acetic acid (1 m_d heated to 80C, sti rﬁz,ﬁ&) hex§ e (1.00
g, 0.01 nol) was ™ring. T On Y§ xture

-\ dﬂHdﬁ’@\Mﬁf Wi
was heated for 1 hour, gooled to (8
fridge overnight. The col our of the rgaction H

This material was prepared according to a standard literature procedure (80%
5  yield) as white solid, Ry=0.22 (ethyl acetate/n-hexane 1/1), mp226-228°C [Allen,
J Heterocycl.Chem., 1970, 7, 239, mp226-227°C]. IR (KBr): 3386, 2926, 1695, 1591,
1481, 1457, 1432, 1287, 1243, 1214, 1133, 1029, 949, 809 cm.” 'H NMR (DMSO-
dg): 12.26(1H, br), 10.48(1H, s), 7.13(1H, d, J=6.6Hz), 6.82(1H, d, ]=2.4Hz), 5.54(1H,
dd, J=2.4 & 8.7Hz), 3.72(3H, s), 2.85-2.59(5H, m), 2.14(1H, m), 1.81(1H, m).

10 EXAMPLE 16

Methyl 2,3.4.9-tetrahydro-1H-carbazol-6-yl ether [Compound 16]

0
H,CO H,CO
 NH HCl + — N

H N
H

4-Methoxyhydrazine hydrochloride (1.746 g, 0.01 mol) was suspended in acetic

acid (10 mL) and heated to 80°C, with stirring. Cyclohexanone (1.00 g, 0.01 mol) was

15 added dropwise, with stirring. The reaction mixture was heated for 1 hour, cooled to
room temperature and then kept in the fridgé overnight. The colour of the reaction
mixture changed to dark-brown. The solid material was filtered and washed with a
small amount of acetic acid. More material was recovered from the filtrate. The
combined solids were dried under reduced pressure to give an off-white crystalline

20  material (1.596 g, 79%), mp108-110°C [Clark, D.W.; Jackson, A.H.; Prasitpan, N. and
Shannon, P.V.R., J.Chem.Soc. Perkin Trans.1I, 1982, 909-916, mp94-96°C], Ry=0.50
{ethyl acetate/n-hexane 4). IR (KBr): 3389, 2915, 2845, 1622, 1589, 1482, 1434, 1218,
1134, 1028, 826, 798 cm.”  'H NMR (DMSO-d;): 10.39(1H, s), 7.11(1H, d, J=8.7Hz),



m xt ure changed to dark-brown. The solid material was filtered and washed
with a small anount of acetic acid. More material was recovered fromthe
filtrate. The conbined solids were dried under reduced pressure to give an
off-white crystalline 20 material (1.596 g, 79%, npl08-110C [Cl ark, D W;
Jackson, A H.; Prasitpan, N. and Shannon, P.V.R, J.Chem Soc. Perkin
Trans.//, 1982, 909-916, np94-96C], R : =50 (ethyl acetate/n-hexane '/).
IR (KBr): 3389, 2915, 2845, 1622, 1589, 1482, 1434, 1218, 1134, 1028, 826,
798 cm "' ' ¢iBNVR, DB d®) 6.620189ld1)13.4 &)8.612)1 3 7BEH.¢), VK2 Hz )5 4Hz), 6. 81

(1 H d, J= 6 & 8.6Hz), 3 73(3H, s), 2.67(2H, t,
J=5. 4Hz) 5?@ b 3= ?%ﬂ %%g 7(]4}12@ 1.77(4H, m). EXAMPLE 17

7- Met hoxy-1, 2, 3, 4- tetrahydrocycl opent a[ bl i ndol e [Conpound No. 171 H3CO O
H3COL a N. NH2. HCI + 1 5 HH The pmcespes vsed was the sanme as that
described in Exanple 16. The product was obfained as a brown solid (65%
yield), npl28- 130C R, =0. 60 (et hyI acet ate/ n- hexane /4, alum na TLC pl ate.
Thi s nat eri ZMethoxyrhdsh-tofnak lopenta bhindolei ndNa)l7] | R (I CBr):
3317, 2898, 2849, 1581 1456, 1432 1298 1206, 1168 1085, 1025, 10 846,
787 cm-' 'H NVR (DVBO-d6): 10.45(1H, s), 7-21(1H, d. J=8.8Hz), 6.87(1H, d,

J=2.4Hz), 6.67(IH,CAd,d=2.5 & 8. 7THz), 3.78(3H, s), 2.85(2H t,,~J=6.7Hz),
2.76(2H, t, J=6. 7Hz) 48( 2H, %:ii nt et , 3Hz). HREAR ' 188. 10749
calculated for Cl2H1 HpHEA + ExavPL

é,Z,S,4-;€trahydrocyclopenﬁa[blindoIe-?-carboxyIic acid [ -??nd No. 181
The procedure used was the same as that described in Example 16. The product

was obtained as a brown solid (65% yield), mp128-130°C, R=0.60 (ethyl acetate/n-
hexane ', alumina TLC plate. This material decomposed when applied to a silica gel
TLC). IR (KBr): 3317, 2898, 2849, 1581, 1456, 1432, 1298, 1206, 1168, 1085, 1025,

10 846,787 cm.”! '"H NMR (DMSO-ds): 10.45(1H, s), 7.21(1H, d, J=8.8Hz), 6.87(1H, d,
J=2.4Hz), 6.67(1H, dd, J=2.5 & 8.7Hz), 3.78(3H, s), 2.85(2H, t, J=6.7Hz), 2.76(2H, t,
J=6.7Hz), 2.48(2H, quintet, J=7.3Hz). HRFABMS: Found 188.10749 calculated for
Ci12H14NO 188.10754.

EXAMPLE 18

15  1,2,3.4-Tetrahydrocyclopenta[blindole-7-carboxylic acid [Compound No. 18]

O

HO/‘K@\ O 0
NH,  + é — HOJK@\

T Z

O
N
N
H



HOOO NH2 + HOcr HNN-0H O HQ 28 4-Hydrazi nobenzoic acid (637 nyg,
4.187 mmol) was suspended in acetic acid (10 nL) and heated to 50C.

Cycl opent anone (352 ng, 4.187 mmol) was added dropwi se, with stirring, to
the reaction m xture, which was then heated to 110C for | hour. A clear
i ght brown solution was forned during the course of the reaction. The 5
reaction m xture was then cooled to room8tenperature and the yellow solid

which precipitated was filtered and washed with a small anpount  of  acetic
acid (dilute) arfutydiewobenrgicacd (oddmaid 18d wﬁaew%éawa@%ﬁww t 45C

: . 4 | . . . . 890
250 055c. 1AL DGR RNE, CHIRRALAGIASSE ML adRy b beldaacd 0 TP
sul phuri c adtbpwisd, with stirfit, tanie feeaicndmixnderwinieh hax tHk@ heated 161 Hi°6Ubes. The

solid lilac material that forned was filtered after the solution had been
cool ed to risem Ashsetighihrawnsgmien was formggdsring Hie eurssf thrgeactiosd dded

essur il 1O - f rJ ' and the
ﬁlral ti ng%poi(%?airsrger%%r&légeg amg/g% Z'([% Réltzég%f Fot%ﬁi&? %B{aftdr}ggﬂﬁh%g{egbg)%ﬁ{i W‘%Br) 3380,
2946, 1656&Fréﬁéi6ated14'3§3ﬁlter¥ééﬂd whdfed, will2®8mall 2@ dunt bt 38stic/aél (dMdR) amd -* ' H

NVR (DVBO- d6): 11.17(1 H, s), 15 7.98(1 H, s), 7.62(IH dd, J=1.6 & 8.5Hz),
7.32(1 H, dvatgemndsygs)therpddei under redugedmretsune at 45 G o @ 44(2-cyelgp@ityljdene-

2 47(2H, ayl g b ol 2H, BN Fouoth 2020833, bRl AL Sdally

C12H12NOR
S5, 8- Di net h{(hf)@ mg, infol} Shs Alyeidd iis@phlRzRIE2mEATBRXNd teatdi vhdéGeeound

No- 20] 019 for 15 minutes. The solid lilac material that formed was filtered after the solution had
been cooled to room temperature, washed with water and dried under reduced pressure
(30 mg, 11%), mp270-274°C (most of the material sublimed and the melting point
recorded was that of the sublimed crystals). IR (KBr): 3380, 2946, 1656, 1616, 1473,
1410, 1347, 1295, 1261, 1129, 770, 746 cm.”  'H NMR (DMSO-dg): 11.17(1H, s),

15 7.98(1H, s), 7.62(1H, dd, J=1.6 & 8.5Hz), 7.32(1H, d, J=8.5Hz), 2.83(2H, t, J=7.5Hz),

2.77(2H, t, J=6.8Hz), 2.47(2H, quintet, =7 2Hz). HRFABMS: Found 202.08733
calculated for C;H12NO, 202.08680.

EXAMPLE 19

5,8-Dimethvyl-2.3.4,9-tetrahydro-1H-carbazole-2-carboxylic acid [Compound No.
20 19]

OH

+ — - \ O
NHz HCI 04Oj ],01-1 A
H H

O

N-(2,5-Dimethylphenyl)hydrazine hydrochloride (243 mg, 1.407 mmol) was
dissolved in acetic acid (3 mL) to which 3-oxocyclohexanecarboxylic acid (200 mg,
1.407 mol) dissolved in acetic acid (2 mL) was added, with stirring. The reaction
25 mixture was heated under reflux for 2 hours. The cooled reaction mixture was diluted
with brine and extracted with ethyl acetate. The organic layer was dried (MgSO,) and
the solvent was removed under reduced pressure. The crude product was applied to a

silica gel chromatography column using ethyl acetate/n-hexane (%4) as eluant (Rg=0.50,



OH NNH2.HC + OrOH\ 0 NHOH N (2,5-D nethyl phenyl)hydrazi ne

hydr ochl oride (243 ng, 1.407 mmol) was dissolved in acetic acid (3 nL) to
whi ch 3- oxocycl ohexanecar boxylic acid (200 ng, 1.407 nol) dissolved in
acetic acid (2 nL) was added, with stirring. The reaction 25 m xture was
heat ed under reflux for 2 hours. The cooled reaction m xture was dil uted
with brine and extracted wth ethyl acep@ate. The organic |ayer was dried
(MgS™) and  the solvent was renoved under redyced pressu he cr

pr oduct vva§tl'é(bﬁ¢qt?§%f“tl‘6x§lw i} .15*&' Rjeduct piag RhiRBGH ap Ay Cew lﬁ%de (I8 e %Si

acet at e/ n- agj y c exane 1/1).
The product Was. ogt ai negeia %??%’%‘2@%lﬁg?’l@gbhg%ﬁ%ﬁ“%Epmrz}zs 230C. IR
(;<Br) 335(90H N9IR312.31{08, s)144366(11129)46 GBEHQ,d 9?B2H8p6 SAmH, M, TE7.BNR), 32121 ( 1H,
s), 10.46(!I =7.2Hz), 3.01-

2 74((]I 5? ) 742511)30(1)313 50&?H 9, %A’é@ﬁ S)s& 13@&321121811%;? EXAN,PII\_’I@ ggwﬁ:ABNs:
oun

(4E)-1. 32, 3426&%? a%‘% TG G s 2 TR87, 2 [ Compound No. 201 OH 0 N
NN HH A mxture of 1,2, 3,4-tetrahydrocarbazol e-4-one (450 ny, 2.432
mrol ) 10 hydroxyl am ne hydr ochl ori dEXAMSBLE®RO 3. 640 mol, 1.5 nol ar
excess), sodiumacetate (298 ng, 3.640 mmol, 1.5 nolar excess), ethanol (5
m.) and vvater 52 m_)r was heated wunder reflux in a nitro egmat nosphere for

4 hours. gtrahydeo-4dHcarbazol-4-one oxime [Compound
OH
Q 3
" — O ()
N N
H H

A mixture of 1,2,3,4-tetrahydrocarbazole-4-one (450 mg, 2.432 mmol)

10 hydroxylamine hydrochloride (253 mg, 3.640 mmol, 1.5 molar excess), sodium acetate
(298 mg, 3.640 mmol, 1.5 molar excess), ethanol (5 mL) and water (2 mL) was heated
under reflux in a nitrogen atmosphere for 4 hours. The cooled mixture was
concentrated under reduced pressure and the residue was suspended in water. The
crystalline material was collected by filtration, washed with water and dried under

15 reduced pressure to yield (410 mg, 84%), mp200-205°C (decomposition), of the crude
product. This material was chromatographed on silica gel with ethyl acetate/n-hexane
173 (Rg=0.35). The product was obtained as a white crystalline material (380 mg, 78%),
mp206-208°C (decomposition), (Hester, 1.B., J Org.Chem., 1967, 32, 3804-3807,
mp208.5-210°C). IR (KBr): 3415, 2925, 1620, 1556, 1481, 1451, 1418, 920, 890, 853,

20 746 cm.’ 'HNMR (DMSO-dg): 11.19(1H, s), 10.21(1H, s), 7.89(1H, d, J=7.6Hz),
7.31(1H, d, J=7.6Hz), 7.08-5.99(2H, m), 2.79(2H, t, J=6.1Hz), 2.67(2H, t, J=6.1Hz),
1.91(2H, quintet, J=6.2Hz).



concentrated under reduced pressure and the residue was suspended in water.
The <crystalline nmaterial was collected by filtration, washed with water
and dried under 15 reduced pressure to yield (410 ng, 84%, np200-205C
(deconposition), of the crude product. This material was chronmatographed
on silica gel with ethyl acetate/n-hexane 1/3 (RF=0.35). The product was
obtained as a white crystalline materi af( (380 ng, 78%, np206-208C
(deconposition), (Hester, J.B., JOg.Chem, 1967, 32, 3804-3807,

nmp208. 5-210C). IR (KBr): 3415, 292@“@@&5;32556 1481, 1451, 1418, 920,

890, 853, 20 746 cm-' '"H NWMR (DVsG-d6): IT.I1I9(1 H, s), 10.21(1 H, s),
7.89(1 H, d, J=7. GFE) 7. 31(1 H d, J=7. GFE) 7.08-5.99(2H, m, 2.79(2H,
t, J=6.1 Hi D23 9-T et D=4 : 9 e |ge and 1DHz). 30
EXAMPLE 21 (3E)-1, 2, 4, 9- Tetrahydro 3H—carbazo| 3 one oxi me [ Conmpound No.
211 ONOH C[N N H H The proce was the Ry as t hat descri bed
in Exanple 20. The required 5 pr obt ai ned,as 'a |ight brown solid
(20 mg, 22%, npl73-175C : et hyl acet at e/ n- hexane
1/3). IR (KBr): 3392, 32 27, 1224, 1004, 920, 741
cm-' 'H NWVR (DVSO d6) : 7.39(1 H d, J=7.7Hz),
7.27(1H, d, J=7.7Hz), 7.02(I : t, J=7. CHE) 3. 50( 2H,
s), 2.87(2H, t, J=6.5Hz), 2. 60(2H t, J=6. SFE) 10 HREI MS: Found 200. 09506
cal culated for G 2H 2N20 200. 09496. EXAMPLE 22 Synt hesis of Conmpound No.
22 10 ~\ 0 NN=(h&procedure used was the same as that described in Example 20. The required

5 product was obtained as a light brown solid (20 mg, 22%), mp173-175°C
(decomposition), Rp=0.35 (ethyl acetate/n-hexane 1/3). IR (KBr): 3392, 3280, 1461,
14, 39, 1356, 1327, 1224, 1004, 920, 741 cm.”"  "H NMR (DMSO-dg): 10.76(1H, s),
10.52(1H, s), 7.39(1H, 4, J=7.7Hz), 7.27(1H, d, J=7.7Hz), 7.02(1H, t, J=7.0Hz),
5.94(1H, t, J=7.0Hz), 3.50(2H, s), 2.87(2H, t, J=6.5Hz), 2.60(2H, t, J=6.5Hz).
10 HREIMS: Found 200.09506 calculated for C,,H,N,0 200.09496.

EXAMPLE 22

Synthesis of Compound No. 22

0
i \©\ NH Oj
o O
N OQ—NH 0

H /

T Z_

4-Methoxyhydrazine hydrochloride (1.172 g, 6.712 mmol) was dissolved in
15 water (25 mL) to which saturated sodium hydrogen carbonate was added until the

solution was basic and effervescence ceased. Dichloromethane was added and the



ONH2 ~ ~0IVH~/ OHO- O CNH 4-Mthoxyhydrazine hydrochloride (1.172
g, 6.712 mmol) was dissolved in 15 water (25 nL) to which saturated sodi um
hydr ogen carbonate was added until the solution was basic and effervescence
ceased. Dichl oronet hane was added and the 31 organic |ayers were collected
after extraction. Drying (MgSO™), followed by renoval of the solvent,
provided the required material as a pal 8lyellow crystalline material, which

was used in the next step without further purification (0.7 Jbo g) gqllg
ket one (8oerayuc lazersgrerafoifoctagadteneteastion ryiag MgyRy falavsd byrempwhel by
tol uene (5 . t ' - : F 30

m nut es, a&gg%%%‘é%n’t 8§Ig%ﬁ?€r%nrt% &H\A/EaersaﬂIﬁrtg{lr%\?ggianﬁgpgg’ecg%ggn{ﬁé{segé]f 2@1,[1%1 gi ve

t he productwaslyséd th s aspt steq] withdul éardtier BuificatioA-(0.me0 QP Thp ketoyik §06dngzone, as
a brown oil, which was used in the next step without further purjfication.

Et hyl ene gl mpmd vits) adiled tatraeshambydrgne. dalleweshbyokiene &Ued)- hBated at
L80C for, 3 OULS HRASE WAL hEREPThaeTIeSq8! SoaRlt bomniRs e, gver i ce 10
wat er and extracted w th” dichl oronet hane. e organi ¢ layers were coll ected

and dried reMavédindeaPdliubéBprRuventgivese pestve d didedspiropiusidecaprgesseude to
give a dark brown oil. Purification by silica gel colum chromatography
and el uti ngmeihexyphenylhhydeaaong.@s g-brovx arevitich sps gepddn thengxe sigp Medopt oduct as

a pale yell m crocryst i ne terial ...after ec stalk.isat.ion from
ot hy vt dbEP BEHERST Y e P66 CB piallas el STRAE G bS Bt R 20,
1627, 1597, hehtd3t |90°060r 3 83brs uhddrinitrdded? ThkdBled 58 tion WAS Bourk®3der i85 1
cm-'" "HNW (DVM8O-d6): 10.50(1 H, s), 7.13(1 H, d, J=8.7Hz), 6.81(1 H, d,
J=2. 8Hzl0, water and extracted with dichloromethane. The organic layers were collected and dried
(MgS0y), and the solvent was removed under reduced pressure to give a dark brown oil.
Purification by silica gel column chromatography and eluting with ethyl acetate/n-
hexane (1/3) gave the required product as a pale yellow microcrystalline material, after
recrystallisation from ethyl acetate/n-hexane (630 mg, 36%), mp168-169°C. IR (KBr):
15 3345,2891, 1627, 1597, 1483, 1456, 1326, 1212, 1139, 1120, 1101, 1062, 1031, 951
cm.”  'HNMR (DMSO-dg): 10.50(1H, s), 7.13(1H, d, J=8.7Hz), 6.81(1H, d, ]=2.8Hz),
6.64(1H, dd, J=2.5 & 8.7Hz), 3.95(2H, s), 3.73(3H. s), 2.81(4H, s & t), 1 94(2H, t,
J=6.7Hz). HREIMS: Found 259.12065 calculated for C;sH,;NO; 259.12084.

EXAMPLE 23

20  6-Methoxy-1,2.4.9-tetrahydro-3H-carbazol-3-one [AIK-18/49]

0/7) —0

0
0 .
N N
H H

The starting material (375 mg, 1.446 mmol, prepared as described in Example
22) was dissolved in tetrahydrofuran (10 mi.) and hydrochloric acid (10 mL., 50%), with
stirring, at room temperature. The reaction mixture was heated between 40-50°C for 4
25 hours. Sodium carbonate (aqueous, saturated) was added dropwise to the cooled
solution, with stirring, until effervescence ceased. Dichloromethane was then added and

the reaction mixture was extracted. The organic layer was collected and dried (MgSQy),



6.64(1H, dd, J=2.5 & 8.7Hz), 3.95(2H, s), 3.73(3H, s), 2.81(4H, s & t),
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(375 ng, 1.446 mmol, prepared as described in Exanple 22) was dissolved in
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10 EXAMPLE 24

Protocol

Organotypic hippocampal slice cultures were prepared using the basic method of
Pringle ef al [Brain Res. 755, 36-46 (1997)] modified as follows:

Wistar rat pups (8-11 days old) were decapitated and the hippocampus rapidly
15 dissected into ice-cold Gey’s balanced salt solution supplemented with 4.5mg/ml
glucose. Slices were separated and plated onto Millicell CM culture inserts (4 per well)
and maintained at 37°C/5% CO, for 14 days. Maintenance medium consisted of 25%
heat-inactivated horse serum, 25% Hank’s balanced salt solution (HBSS) and 50%
minimum essential medium with added Earle’s salts (MEM) supplemented with ImM

20 glutamine and 4.5mg/ml glucose. Medium was changed every 3-4 days.

Experimental hypoxia was performed as described previously (Pringle ef al.,
Stroke 27, 21-24 (1996)& Brain Res. 755, 36-46 (1997)]. Briefly, cultures were
transferred to serum free medium (SFM — 75% MEM, 25% HBSS supplemented with
ImM glutamine and 4.5mg/ml glucose) containing 5 pg/ml of the fluorescent exclusion
25  dye propidium 1odide (PI). Cultures were allowed to equilibrate in SFM for 60 minutes
prior to imaging. PI fluorescence was detected using a Leica DMIL inverted
microscope fitted with a rhodamine filter set. Any cultures in which PI fluorescence
was detected at this stage were excluded from further study. Hypoxia was induced by
transferring cultures to SFM (+PI) which had been saturated with 95%N,/5%CQO,.

30 Culture plates (without lids) were then sealed into an airtight chamber in which the
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hypoxi a was_therefore. 1 I nytes).. At .the end, of the hypoxic eriod
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anal ysis. Light transm ssion inages _ L
Unpaired Student’s /-tests were employed to ascertain statistical significance.
A series of compounds were examined for possible neuroprotection against
15 hypoxia in organotypic hippocampal slice cultures. Compounds No. 4, 6, 7, §, 10, 14,
15,16,17,20,21, 22 and 23 were dissolved in DMSO to a concentration of 1 mg/ml.

7B-hydroxy-epiandrosterone (7B-OH EPIA), a neuroprotective compound, at
100nM concentrations, was employed as a positive control. A stock solution of 1

mg/ml was dissolved in ethanol. Final dilutions were made in SFM.

20 The efficacy of all compounds was assessed using a pre-during and post-hypoxia
paradigm — compounds were present in the medium 45 minutes pre-hypoxia, the 3

hours of hypoxia and 24 hours post-hypoxia.

The results are given in the following Table 2, which shows the % damage to the

neurons in the hypoxia model when compared against the control (hypoxia only — 100%
25 damage). The lower the % damage, the more neuroprotective the compound. The last
column in the table shows the % damage with 7B-OH EPIA, (positive control). All the

values are statistically significant.
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7 70% 50% 8 59% 50% 10 76% 51% 14 53% 34% 15 65% 34% 16 60% 43% 17
35% 33% 20 54% 55% 21 40% 55% 22 75% 55% 23 57% 55% 35 CLAIMS: 1. The
use of conpounds of formula (1): R RA XY6 1 RZ () 1 R7NR3 Rgin
which: X represents a group of fornmula >CRI R2 or, when R6 does not
represent a hydrogen atom a group of fornula >S02; Y represents a group
of formul a>CRIR2; Z represents a group afs formula >C=O, a group of fornula
>CH2 or a direct bond; Rl represents a hydrogen atom and R2 represents a

hydr ogen at @y [Rscar boxy group or a hydroxy group;

1. The use of compounds of formula (I):

M

in which:

X represents a group of formula >CRIR2 or, when R does not represent a hydrogen

atom, a group of formula >S0»;

Y represents a group of formula >CR1R2;

Z represents a group of formula >C=0, a group of formula >CH, or a direct bond;

R! represents a hydrogen atom and R2 represents a hydrogen atom, a carboxy group or

a hydroxy group;

or

R! and R? together represent an oxo group, an ethylenedioxy group or a hydroxyimino

group;

R3 represents a hydrogen atom or a lower alkyl group;
R4 represents two hydrogen atoms, or an oxo or hydroxyimino group;

R represents a hydrogen atom, a lower alkyl group or a halogen atom;



or R and R2 together represent an oxo group, an ethyl enedi oxy group or a
hydr oxyi m no group; R3 represents a hydrogen atomor a | ower al kyl group;
R4 represents two hydrogen atonms, or an oxo or hydroxyim no group; R5
represents a hydrogen atom a |lower al kyl group or a halogen atom 36 R6
represents a hydrogen atom a |ower al koxy group or a carboxy group; R7 and
R8 are the sanme as or different fromeadb other and each represents a
hydrogen atom a |ower al kyl group or a hal ogen atom and pharmaceutically
accept abl e l%@arlep&sanda tgdrepan athey, e ddwdratkoxlgerompnatfaaatboxy gwbum  medi canent

for the treatnent or prophylaxis of acute or chronic neurodegenerative

di seases or 7condi ions and for protection against ischaem c damge to

ti ssues of Rp:mdiip&mreahe sangpaassor d2fferdhieframns eachoutberdind ga¢tore@teaents 4 hydmogevhi ch: X
represents a group of formula >(ﬁ?§| R2 where RI represents a hydrogen atom
and R2 repiuRchiowenalkylgrgye Ar abalpgena®dr oxy group or a carboxy group, or
Rl and R2 together represent an oxo group or an ethyl enedi oxy group; Y

represents g4 gﬁ%c%thc%gg Ul eBtabfcal tRand\edr€ 13 e of F8Y RS RAhdfaBuby sl £9en at om

and R2 represents a ogen atom or a carboxy group; R3 represents a

hydr ogen atmedicaident épnieseedtsehtvar payshytaxéso facow®r ohroait rexcodgpenepgtive RS
represents a hydrogen atom R6 rePresents a. hydrogen atom  a Cl - C4 al koxy
group or a dsr¥soy Copditipns anddorproteghion agninst schacgic damagistodissyisofer ent from
each ot her ﬁﬂﬂh& Cllohfipresents a hydrogen atomor a C1 - C4 alkyl group;
and salts dn ater & Uher eof .

2. The use according to Claim 1, in which:

X represents a group of formula >CRIR2 where R! represents a hydrogen atom and R2

represents a hydrogen atom, a hydroxy group or a carboxy group, or R! and R? together

represent an 0xo group or an ethylenedioxy group;

Y represents a group of formula >CRIR? where R] represents a hydrogen atom and R2

represents a hydrogen atom or a carboxy group;

R3 represents a hydrogen atom;

R4 represents two hydrogen atoms or an oxo group;
R represents a hydrogen atom,;

R6 represents a hydrogen atom, a C| — Cy4 alkoxy group or a carboxy group; and R’

and R® are the same as or different from each other and each represents a hydrogen

atom or a C| — C4 alkyl group;
and salts and esters thereof.

3. The use according to Claim 1, in which said compound is a compound of formula:



3. The use according to Caim1l, in which said conpound is a conpound of
formula: 37 OH ONOH 4. The use according to Caim1, in which said
conmpound is a conpound of formula: 01'I 0O eNH 5. The use according to
Claim1, in which said conpound is a conmpound of fornmula: O aNO H 6. The
use according to Caim1l, in which said conpound is a conpound of formula:
O eNH 7. The use according to Caim37 in which said conmpound is a
conmpound of forrmula: OHN H 8. The use acgording to Claim1, in which
said conmpound is a conpound of fornula: 38 By I ~ ~ N

N
H

4. The use according to Claim 1, in which said compound is a compound of formula:

o )

O

@C}
p

5. The use according to Claim |, in which said compound is a compound of formula:

O
\
: N
H

6. The use according to Claim 1, in which said compound is a compound of formula:

O
@r@
N
H

7. The use according to Claim 1, in which said compound is a compound of formula:

OH
N\
N
H

8. The use according to Claim 1, in which said compound is a compound of formula:



H 9. The use according to Caim1, in which said conpound is a conmpound of
formula: "0 O OH NH 10. The use according to Caiml, in which said
conmpound is a conpound of formula: NOH\ NH 11. The use according to
any one of the preceding Clains, in which said condition is a chronic
neur odegenerati ve condition. 12. The use according to Caim11l, in which
said chronic condition is Al zheiner's DRBgsease, Parkinson's Di sease, ’
Hunti ngton's Chorea or Miultiple Sclerosis. 13. The use according to any one
of the preceding dains, in which sd&/d condit+on is an acute

neur odegener ati ve condition. 14. eﬂ(g 2 ing to Caim13, in which
said acute condition is the sequ aetit e i schaem c event. 15. The
use according to Caim14, in which sabdadlite Pschaenic event is a heart
attack, stroke or head injury. 16. The conmdbund of fornula: 39 OH NH 17.
The conpound of fornul a:

9. The use according to Claim 1, in which said compound is a compound of formula:
0 P
) OH
N
H

10. The use according to Claim 1, in which said compound is a compound of formula:

N-OH
A
N
H
11. The use according to any one of the preceding Claims, in which said condition is a

chronic neurodegenerative condition.

12. The use according to Claim 11, in which said chronic condition is Alzheimer’s

Disease, Parkinson’s Disease, Huntington's Chorea or Multiple Sclerosis.

13. The use according to any one of the preceding Claims, in which said condition is an

acute neurodegenerative condition.

14. The use according to Claim 13, in which said acute condition is the sequelae to an

acute ischaemic event.

15. The use according to Claim 14, in which said acute ischaemic event is a heart

attack, stroke or head injury.

16. The compound of formula:



OH H 18. The conpound of forrmula: O i0 H 19. The conmpound of fornula: H
for use as a nedicanent. 20. The conpound of formula: O HON H 21. The
conmpound of forrmula: 40 OH &NP Il H 22. The conpound of formula: NOH N
H for use as a nedicanent. 23. The conpound of forrmula: 0~ O

39
OH
N\
N
. H
17. The compound of formula:
OH
N\
N
H

18. The compound of formula:

19. The compound of formula:

for use as a medicament.

20. The compound of formula:

N\

5 % 5
O

TZ

21. The compound of formula:



N H for use as a nedi canent.

40
OH
N\ O
N
H
22. The compound of formula:
N-OH
\
N
H

for use as a medicament.
23. The compound of formula:

o)
0

0O

TZ

for use as a medicament.



