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Field of the Invention

This

invention relates to tri-

and tetra-substituted

guanidines, and to pharmaceutical compositions comprising the

same, which possess neuroprotective capability.
further relates to methods involving the use of these compounds

10

This invention

as excitatory amino acid antagonists, e.g., for treating diseases
of the nervous system in which the pathophysiology of the disease
involves excessive excitation of nerve cells by agonists of the

glutamate/N-methyl-d-aspartate (NMDA) receptor.
excitation can lead to dysfunction of the nervous system in the

15

Such excessive

case of epilepsy and to nerve cell degeneration in cases of

hypoxia, hypoglycemia, brain or spinal chord ischemia,

brain or ;

spinal chord trauma and in neurodegenerat1ve diseases such as
Parkinson’s disease, Huntington’s d1sease, Amyotrophic Lateral

20 Sclerosis (ALS),

Korsakoff’s disease.

Alzheimer’s disease,

Background of the Invention
A wide variety of substituted guanidines are disclosed in

the patent literature.
1,411,731 and 1,422,506 disclose diphenylguanidine as a

25
rubber accelerator;

For example,

Down’s Syndrome and

1,597,233 discloses N-o-tolyl-N’-phenyl-guanidine as a

rubber accelerator;

1,672,431 discloses N,N’-di-o-methoxyphenyl-guanidine as

30
water-soluble salts;

being useful for therépeutic purposes, especially in the form of

1,730,338 discloses N-p-dimethyl-amino-phenyl-N’-phenyl-
guanidine as a rubber accelerator;

1.795.738 discloses & process
diale.l-di-subst ituted

quanidines. including

Podi-ethyl-®

for the productiion of NI’



excitation can | ead to dysfunction of the nervous systemin the case of

epi epsy and to nerve cell degeneration in cases of hypoxia, hypoglycen a,

brain or, spinal chord ischema, brain or spinal chord trauna and

ﬂeurodegenerative di seases such as Parkinson's disease, Huntington'

di sease, Anyotrophic Lateral Sclerosis_gALS), Alzheiner's disease,

Syndrone and Korsakoff's di sease.
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Background of the

A wide variety of substituted guanidines are disclosed in

literature. For e
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substitdentOon 4H8 fihihe' RFGdgén REERESS for the productio

2,145,214 discloses the use of disubstituted guanidines,
e.g., diarylguanidines especially dixylylguanidine, as parasiti-
cides;

2,254,009 discloses sym-di-2-octyl-guanidine and 2,274,476
and 2,289,542 disclose sym-dicyclohexylguanidine as insecticides
and moth larvae repellents;

2,633,474 discloses 1,3-bis(o-ethylphenyl)guanidine and
1,3-bis(p-ethylphenyl)guanidine as rubber accelerators;

3,117,994 discloses N,N’,N‘‘-trisubstituted guanidines and
their salts as bacteriostatic compounds;

3,140,231 discloses N-methyl- and N-ethyl N’-octylguantd-
ines and their salts as antihypertensive agents;

3,248,246 describes (Example 5) a 1,3-disubstituted
guanidine whose substituents are hydrophobic hydrocarbon groups,
one of which is naphthylmethyl and the other is n-butyl;

3,252,816 discloses various N-substituted and unsubstituted
cinnamyl-guanidines and generically the corresponding N’- and
N’’-alkyl substituted compounds and their salts as antihyper-
tensive agents;

3,270,054 discloses N-2-adamant-1-yl- and N-2-homoadamant-
1-yl-oxy-ethyl-thioethyl- and aminoethyl-guanidine derivatives
bearing at most two lower alkyl groups on the N’- and/or N’‘-
nitrogen atom as sympathicolytic and anti-viral agents;

3,301,755 discloses N-ethylenically unsubstituted-alkyl-
guanidines and the corresponding N’- and/or N’’‘-Tower alkyl
compounds as hypoglycemic and antihypértensive agents;

3,409,669 discloses N-cyclohexylamino-(3,3-dialkyl-substi-
tuted-propyl)guanidines and the corresponding N’-alkyl- and/or
N’’-alkyl-substituted compounds as hypotensive agents;

3,547,951 discloses 1,3-dioxolan-4-yl-alkyl-substituted

auaridines which have anli-hypertensive aclivily and d7:cicses

v
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di al kyl -di -substituted guanidines, including N-di-ethyl-

2 phe&nyl - guani di ne, N-di et hyl-N -isoanyl guani di ne, N-di net hyl -

i soanyl guani di ne and N-di et hyl - N - et hl yl guani di ne; 1, 850, 682

dfscl oses a process for the preparation of disubstituted guanidine rubber
accel erators bearing an additional substituent on the imne nitrogen atom
2,145, 214 di scl oses the use of disubstir8uted guani di nes, e.g.
dlarylguanldlnes especi al ly di xylyl guani di ne, as parasiti- cides;
2,254,009 di scl oses symdi - 2-octyl -guani dine and 2,274,476 and 2, 289, 542

di Scl ose sym TowyCchTIiA% Yimiading nbhayl | ra%estpoesﬂﬂs sutsstibudnt an the
repellents
other amino group; .

I 3,639,477 discloses propoxylguanidine compounds as hav1ng
anorectic properties; :

5 3,681,459; 3,769,427; 3,803,324; 3,908,013; 3,976,787; and
4,014,934 disclose aromatic substituted guanidine derivatives
wherein the phenyl ring can contain hydroxy and/or halogen
substituents for use in vasoconstrictive therapy;

3,804,898 discloses N-benzylcyclobutenyl and N-benzylcyclo-

.10 butenyl-alkyl-guanidines and the corresponding N-alkyl and/or N"-
alkyl-substituted compounds as hypotensive agents;

3,968,243 discloses N-aralkyl substituted guanidines and
the corresponding N’-alkyl-N"-alkyl and N’,N’-aralkyl compounds
as being useful in the treatment of cardiac arrhythmias;

15 3,795,533 discloses o-haio-benzylidene-amino-guanidines and
their use as anti-depressants for overcoming psychic depression;

4,007,181 discloses various N,N’-disubstituted guanidines
substituted on the imine nitrogen atom by an adamantyl as
possessing antiarrhythmic and diuretic activities;

20 4,051,256 discloses N-phenyl- and N-pyridyl-N’-cycloalkyl-
guanidines as antiviral agents;

4,052,455 and 4,130,663 disclose styrylamidines, as
analgesics agents or for the prevention of blood platelets
aggregation;

25 4,109,014 discloses N-hydroxysubstituted guanidines and the
corresponding N-methyl disubstituted guanidines as vaso-
constrictor agents;

4,169,154 discloses the use of guanidines in the treatment
‘of depression;

30 4,393,007 discloses N-substituted and unsubstituted, N-
substituted methyl1-N’-unsubstituted, monosubstituted and disub-
stituted-N"-unsubstituted and substituted guanidines as gan-
glionic blocking agents;

4,471,137 discloses N,N,N’N"-tetraalkyl guanidines as being:

35 sterically hindered bases useful in chemical synthes1s

)
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2,633,474 discloses 1, 3-bi s(o-et hyl phenyl ) guani di ne and
1, 3-Bi s(p- et hyl phenyl ) guani di ne as rubber accel erators;

3,117,994

di scloses, NNN ,N "-trisubstituted guanidines and their salts as

bacteri ostatic conpounds;

3, 140, 231 di scl oses NEtHyl'- and”

N-ethyl - N -octyl guanid- ines and their salts as anti fippsiel PRASBLE REME

3,248,246 describes (Exanple 5) a 143-disubstitut ose
substituents are hydrophobi ¢ hydrocarbon groups, one 3 m&ﬂ EEI
napht hyl met hyl and the other is n- butyI 3, 252, arious

N-substituted and unsubstltute ci nna guanldlnes and

bt fptaghauand

corresponding N - AntP9094 adk38losensts 'l?t‘

deri Vatives b EﬁVhﬁ

di scl= N- I
cor 1 o8pondi ng NLL IR bt

4

H
T PP 3128 g% 8,320,225, 5, Maoh Voch S42 g b 639, 41713
N-cycl ohexyl ammﬁ 3309 |533 41066, 640t 2Hdeq; F¥19B%1 ) guani d| nes and

corresponding N - 1 *and/ o

enerlcally t he

MR$ei®-Salts as

ant i hyper - tell$34tﬁb&€hﬁn§&amdme ard 213 Ot odtelai ogiean il we 2 dasTestigma- v -
N- 2- honoadanapt -. X%ﬁl’%ﬁ% w&gt hi oet hyl - and am noet hyl -

guani di ne

‘l ower al kyl groups on the N - and/or N
nitrogen atom as siapa&:damplﬁwlofcoﬁmt sutistituted gugwidines, see, 6,9301 755

é@gr”?fd* fs%“iﬂ‘d 32"'1%5' 6769‘5‘“225' §Rs

%aréce’m ¢ 'and

+784,643;

, HW., et al., J. Med. Chem., 12,712 (1969) describe

the synthes1s of a variety of adamantyl disubstituted guanidines

10 as possible antiviral agents, including N,N’-di-(adamantan-1-
yl)guanidine hydrochloride, N-(adamantan-1-y1-N’-cyclohexyl-

guanidine hydrochloride and N-(adamantan-1-y1)-N’-benzyl-

guanidine hydrochloride.

The amino acid L-glutamate is widely thought to act as a

15 . chemical transmitter substance at excitatory synapses within the
central nervous system. Neuronal responses to glutamate are

complex and appear to be mediated by at least three different

receptor types, i.e., KA, QA and NMDA subtypes, each being named

for their relatively specific ligands, i.e.,

ka

inic acid,

20 quisaqualic acid and N-methyl-D-aspartic acid, respectively. An
amino acid which activates one or more of these receptor types is

referred to as an excitatory amino acid (EAA).

The NMDA subtype of excitatory amino acid receptors is

activated during normal excitatory synaptic transmission in the

25 brain. Activation of NMDA receptors under normal conditions is
responsible for the phenomena of long-term potentiation, a

memory-like phenomenon, at excitatory synapses.

Excessive

excitation of neurons occurs in epileptic seizures and it has
been shown that over-activation of NMDA receptors contributes to

30 the pathophysiology of epilepsy.

NMDA receptors are also strongly involved in nerve cell
death which occurs following brain or spinal chord ischemia.
Upoh the occurrence of ischemic brain insults such as stroke or
heart attack, an excessive release of endogenous glutamate

35 occurs, resulting in the over-stimulation of NMDA receptors.

fisccizled with the NMDE recertorse is an don

-

channel, HOY

t he

and



"-al kyl -substituted conpounds as hypotensive agents,; 3,547,951
dlscloses 1, 3-di oxol an-4-yl -al kyl -substituted guani di nes which have

anti - hypertensive activity and di scl oses

3"l ower alkyl, including n-butyl, as a possible substituent on the other
am nosgroup; 3,639,477 dlscloses p%opoxylguanldlne conpounds as havi ng
anorectic properties; 3,681, 459; 3,769, 427, 3,803, 324; 3,908, 013;

3,976, 787; and 4,014,934 disclose aromatic substit ut ed guag}dlnﬁ
derivatives wherein.the phenyl ring can contain hydroxy and/or hal ogen
substituents TB‘F°Q§'§E“?'h5@/%0&&19%’!%!"1‘%"@%&@ is external to the ion

channel. When glutamate interacts with the NMDA receptor, it.

] causes the ion channel to open, thereby permitting a flow of

d cations across the cell membrane, e.g., Ca?* and Na* into the

.5 cell and K* out of the cell. It is believed that this flux of
ions, especially the influx of Ca?* ions, caused by the inter-
action of glutamate with the NMDA receptor, plays an important
role in nerve cell death. See, e.g., Rothman, S.M. and Olney,
J.W., Trends in Neurosci. 10(7), 299-302 (1987).

10 " Agents which block responses to NMDA receptor activation
therefore have therapeutic uses in the treatment of neurological
disorders such as epilepsy and also in the prevention of nerve
cell death resulting from hypoxia or hypoglycemia or following
brain ischemia which occurs during stroke, trauma and heart

15 attack. A number of disorders of the nervous system are
associated with neurodegeneration that may be caused by over-
activation of NMDA receptors. Antagonists of NMDA receptor-
mediated responses have potential therefore for the treatment of
such disorders as Alzheimer’s disease, Parkinson’s disease,

20 Huntington’s disease, Amyotrophic Lateral Sclerosis, Down’s
Syndrome and Korsakoff’s disease.

Research on the NMDA réceptor-ion channel complex has led
to the determination of a receptor site within the ion channel
known as the PCP receptor. See Vincent, J.P., Kartalovski, B.,

25 Geneste, P., Kamenka, J.M. and Lazdunski, M., Proc. Natl. Acad.
Sci. USA 76, 4678-4682 (1979); Zukin, S.R. and Zukin, R.S., Proc.
Natl. Acad. Sci. USA 76, 5372-5376 (1979); Sonders, M.S., Keana,
J.F.W. and Weber, E., Trends in Neuresci. 11(1), 37-40 (1988);
and Anis, N.A., Berry, S.C., Burton, N.R. and Lodge, D., Br. J.

30 Pharmacol. 79, 565-575 (1983). A compound which binds to the PCP
receptor can act as an ion channel blocker, thereby interrupting
the flow of ions through the cell membrane. In this manner,
agents which interact with the PCP receptor act as non-

competitive antagonists reducing the agonist action of glutamate
3% at the NMDA receptor.
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3,804, 898 di scl oses N-benzyl cycl obutenyl and N-benzyl cycl o-

but enyl - al kyl - guani di nes and the correspondi ng N-al kyl and/or N'-

al kyl - substituted conmpounds as hypotensi ve agents; 3,968, 243

dt scl oses N-aral kyl substituted guanidines and the correspondi ng

N -al kyl -N'-al kyl and N , N -aral kyl congounds as being useful in the
treatnent of cardiac arrhythn1as

3,795, 533di scl oseso- hal o- benzyl i dene- anmi no- guanldlnesand their use as
anti -depressants for overconing psychic depression; 4,007, 181

discl oses various khd\&n- ﬂclsulaaépﬁovtﬁbagummduw PGHbﬁt etutmﬂnoy\:mae i mi ne

ni trogen atonlb danant 0 tlar retic
activities; ey : §56 8 @éﬁlﬁﬂﬂ%!%'% exy p1pQ,d1Jj'm'§'
N-pyri dyl - N - (:'[,&H)oalbleyiemogpm d(mgmahsommtesu rand afprbsmethyl-10,41052, 455

orevent i on of SHaEs B aiefz spblEd by hentihesS o taliE QUBT, UL & 9éet e

preventlon of

N- hy &% oxysubsHK-81 ecﬁegdh-lﬁ d?artsst ghd 4,389,d481) esfemdnhsp ,\Weng,hEiH.

di substi t ut edggypany H.NePr{RSLASY;, KA t“ﬁtlp.r, mapm G.N., Iéeﬂs‘éﬂg 154
di scl oses the u é of guanlqlnes LNt treatnen‘%a 7lﬁ§p 5|on
éLﬂEsu5§i+44ﬁﬁég_é§£L4H¥§&b§§ QA

4,393, 007 di skilosedr 86), ‘and
Thompson, W.J. et al., J. Med. Chem. 33: 789-808 (1990).

We have identified compounds which exhibit a high affinity
10 for binding to the PCP receptor and are structurally different
from known PCP receptor ligands.

Summary of the Invention

It is an object of this invention to provide tri- and
tetra-substituted guanidines which exhibit a high affinity for

15 the PCP receptor of the NMDA receptor-channel complex. ~

It is another object of this invention to provide tri- and
tetra-substituted guanidines which exhibit a high affinity for
the PCP receptor of the NMDA receptor-channel complex and low
affinity to the brain sigma receptor.

20 It is another object of the invention to provide tri- and
tetra-substituted guanidines to aid in PCP receptor research. A
further object of the invention is to provide tri- and tetra-
substituted guanidines useful for the treatment of neurological
conditions such as epilepsy and those nervous system disorders

25 associated with neurodegeneration.

It is a further object of the invention to provide a method
for treating and/or preventing diseases of the nervous system
associated with excessive excitation of nerve cells by agonists
of the NMDA receptor. '

30 It is yet a further object of the invention to treat and/or
prevent dysfunction of the nervous system causing, for example,
epilepsy, associated with excessive excitation of nerve cells by
agonists of the.NMDA receptor by the administration of effective

amounts of tri- and tetra-substituted guanidine compounds having

5
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substituted nethyl-N -unsubstituted, nonosubstituted and disub-
stituted-N'-unsubstituted.and substituted guanidi nes as gan- glionic

bl ocki ng .agents; 4,471,137 discloses N, N, N N'-tetraal kyl guanidines
as being sterically hindered bases useful in chem cal synthesis.

4 v 4,709,094 discloses 1, 3-disubstituted-guanidines, e.g.,

1, 3-di butyl -guanidine and 1,3 di-o-tolyk-guanidine, as sigma brain receptor
| i gands. For exanpl es of other subStituted guanidines, see, e.g.,
1,422,506; 1,642,180; 1,756, 315; 3,159,676; 3,228,975; 3,248, 426;

3, 283 003; 3,320, 229; 3,479,437, 3,547,951; 3,639,477; 3,784, 643;
It is yet a further obJect of the invention to treat and/or

prevent neurodegenerative conditions and/or nerve cell death

. resulting from hypoxia, hypoglycemia, brain or spinal chord

ischemia, brain or spinal chord trauma, and the like, by the

5 administration of effective amounts of tri- and tetra-substituted

guanidine compounds having a high affinity for the PCP receptor.

It is a further object of the present invention to treat

and/or prevent neurodegenerative conditions associated with the

various neurodegenerative diseases such as Parkinson’s disease,

10 Huntington’s disease, Amyotrophic Lateral Sclerosis, Alzheimer’s

disease, Down’s Syndrome and Korsakoff’s disease by the

administration of effective amounts of tri- and tetra-substituted
guanidines having a high affinity for the PCP receptor.

- It is a further object of the present invention to treat

15 and/or prevent Korsakoff’s disease, a chronic alcoholism-induced

condition, by the administration of effective amounts of tri- and

tetra-substituted guanidines having a h1gh affinity for the PCP

receptor.
Upon further study of the specification and appended
20 claims, further objects and advantages of this invention will

become apparent to those skilled in the art.

Brief Description of the Drawing

Various other objects, features and attendant advantages of

the present invention will be more fully appreciated as the same
25 becomes better understood when considered in conjunction with the
accompanying Figure wherein:

Figure 1 is a graphical comparison of the data resulting
from the in vitro neurotoxicity assay with the data resulting
from the radioligand binding assay for some of the compounds

30 which are given as examples and which are the subject of some of
the claims.
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3,949, 089; 3,975,533; 4,060,640 and 4, 161, 541. Geluk, HW, et al., J.
Med. * Chem, 12,712 (1969) describe the synthesis of a variety ofadanmantyl
di substi tuted guani di nes as possible antiviral agqms%hee{mlngi@gaced

N; N -di - (adamant an- 1- yl ) guani di ne hydrochl ori de,
N- (adamant an- 1-yl - N - cycl ohexyl - guani di ne hydrochuwl (ml I"M’H"J
N- (adamant an-1-yl ) - N -benzyl - guani di ne8Hydrochl ori d& mno acid
L-glutamate is widely thought to act as a chemcal transmtter substance at
excitatory synapses within the central nervous system Neur onal responses
fjio’f ]gl'e‘rlga{mte are CO[fp' PesePfbtaBRGH the Prefem@dtmiddrerts | east three

erent receptor_types [ T.€., a sybt s. .each being naned
for their relativellesgpabiacts havesheeh chbgv,e k -Ynﬁte ﬁgf , ‘aﬁfk"é'qﬂg{ igc acid
gzeei ﬁl\)Frrren; hyl -?ﬂﬁmrtﬁc aﬁadta{ﬁsm_ 'rimiefn. gdunidines widic exliibitasti vat es

re of, se,.recent.ot €sS,,1 S t0.,45 an exci-tatory am no
aci d- (EAA) . h1gth Emnﬂﬂ\tﬁt‘gbﬂ i{fSE the %%"?éé"g‘% g‘nt\%ﬁo aci d receptgrs i's
acti viited during nihereprefecredatloNyNSstrdpubst ituteds rguapidinesn ofhethisai n. _
Activation of, ﬁ&ne%?gtﬁrﬁ Lu}d%e %gmangg ditions is responsible for the
-ter it a nenor {-

phenonena of ] potentiation, -1i ke phenonenon, at

excitatory synapses. essive excitation of neurons occurs i
epi |l eptic seizures and it {has '
R-N-C-N-H
10 ||
R’ R"

wherein R, R’ and R" are independently a C,-Cg alkyl group, C,-Cg
alkenyl group, C,-C4 alkynyl group, cycloalkyl group, cycloalkyl
group substituted with one or more substituents, cycloalkenyl
15 group, cycloalkenyl group substituted with one or more
substituents, carbocyclic aryl group, carbocyclic aryl group
substituted with one or more substituents, alkaryl group, alkaryl
group substituted with one or more substituents, aralkyl group,
aralkyl group substituted with one or more substituents,
20 heterocyclic group, heterocyclic group substituted with one or
more substituents, heteroaryl group, or a heteroaryl group
substituted with one or more substituents;
or a physiologically acceptable salt thereof;
wherein said substituent is a halogen such as chloro, fluoro,
25 bromo, iodo, C,-Cq alkyl, C,-Cg alkoxy, cyano, C,;-C,s dialkylamino-
alkyl, carboxy, carboxamido, C,-Cg alkylthio, allyl, aralkyl, C,-
Ce cycloalkyl, aroyl, aralkoxy, C,-Cg acyl, aryl, heteroaryl, an
aryl fused to a benzene ring, a heteroaryl fused to a benzene
ring, C,;-Cq heterocycloalkyl, a C;-C4 heterocycloalkyl ring fused
30 to a benzene ring, C,-Cg alkylsulfonyl, arylthio, amino, C,-Cg
alkylamino, C,-C,5 dialkylamino, hydroxy, hydroxyalkyl, carbamoyl,
C,-Cg N-alkylcarbamoyl, C,-C,s N,N-dialkylcarbamoyl, nitro, azido
or a C,-Cyg dialkylsulfamoyl; and
wherein said compound exhibits high binding to the PCP receptor.
3% Preferably, with reference to Formule (I). preferred

SLEn -trisubstituted gquanidines sre wherein Roand RY are



been shown that over-activation of NVDA receptors contributes | to the

pat hophysi ol ogy of epil epsy. NVDA recept ors argisa&h&oHds Be blgced
!nvolved Jn nerve cell death which occurs foll ow ng b chord
i Schem a. Upon the occurrence of ischem c brain insul um m‘ ﬂ oke or
heart .attack, an excessive rel ease of endogenous glut e occurs,
resulting in the over-stimulation of NV®A receptors. ASSOCIated mnth t he
NVDA receptors is an ion channel. The

5 recognition site, i.e., the NVDA receptor, is external to the ion

el 1o o i ettt
menbr ane, TtheapRe ) OF - RPTRa S YHSEHEYSRES, cfE1kein,*CEperbat kényic!
- subst1tuted by one or more substitutents, carbocyclic aryl group,
* carbocyclic aryl group substituted with one or more substituents,
-5 alkaryl group, alkaryl group substituted with one or more
substituents, aralkyl group, aralkyl group substituted with one
or more substituents, heterocyclic group, heterocyclic group
substituted with one or more substituents, heteroaryl group, or
a heteroaryl group substituted with one or more substituents; and
10 R’ is independently a C,-Cq alkyl group, C,-Cq alkenyl group, C,-Ce

v

alkynyl group, an alkaryl group, or a substituted alkaryl group.
Especially preferred N,N,N’-trisubstituted guanidines

include  N,N’-di-(1-naphthyl)-N-methylguanidine, N,N’-di-(1-
naphthyl)-N-ethylguanidine,  N,N’-di-(m-ethylphenyl)-N-methyl-

15 guanidine, N-(o-isopropylphenyl)-N’-methyl-N’-(1-naphthyl)-
guanidine, N-(m-ethy]phenyl)-N-methy]-N’-(l-naphthyl)guanidine,
N-ethyl-N,N’-di-(m-ethylphenyl)guanidine, N-ethyl-N-(m-
ethylphenyl)-N’-(4-indanyl)guanidine, N-ethyl-N- (m-ethylphenyl)-
N’-(4-indenyl)guanidine, N-ethyl-N-(m-ethylphenyl)-N’-(o-

20 iodophenyl)guanidine, N-ethyl-N-(m-ethylphenyl)-N’-{o-
isopropylphenyl)guanidine, N-ethyl-N-(m-ethylphenyl)-N’-(1-
naphthyl)guanidine, N-ethyl-N-(m-ethylphenyl)-N’-(m-methyl-
phenyl)guanidine, N-ethyl-N-{4-indany1)-N’-(m-ethylphenyl)-
guanidine, N-ethyl-N-(4-indenyl)-N’-(m-ethylphenyl)guanidine, N-

25 ethy1-N- (o-iodopheny1)-N’ - (m-ethylphenyl)guanidine, N-ethyl-N-(o-
isopropylphenyl)-N’-(m-ethylphenyl)guanidine, N-ethyl-N-(1-
naphthyl)-N’-(m-ethylphenyl)guanidine, N-ethyl-N-{(m-
methylphenyl)-N’-(m-ethylphenyl)guanidine, N-isopropyl-N,N’-di-

_ (m-ethylphenyl)guanidine, N-isopropyl-N-(m-ethylphenyl)-N'-(4-

30 indanyl)guanidine, N-isopropyl-N-(m-ethylphenyl)-N’-(4-
indenyl)guanidine, - N-isopropyl-N-(m-ethylphenyl)-N’-(0-iodo-
phenyl)guanidine,  N-isopropyl-N-(m-ethylphenyl)-N’-(o-isopro-
pylphenyl)guanidine, N-isopropyl-N-(m-ethylphenyl)-N"-(1-
naphthyl)guanidine, N-isopropyl-N-(m-ethylphenyl)-N'-(m-

35 methylphenyl)guanidine, N-isopropyl-N-(4-indanyl)}-K’'-(m-

ethyiphenyi)auanidine, N-isopropyl-N-{4-indeny]1) -1 (v «thyo-



cell and Klerr] out of the cell. It is believed that this flux of ions,
especially the influx.of Ca[err] ions, caused by the inter- action of
glutamate, with the NVDA receptor, playsl@n inportant role in nerve cell
déath. See, e.g., Rothman, S.M and dney, J.W, Trends in Neurosci. 10(7),
299- 302 (1987). Agents whi ch bl ock responses to NVDA receptor

activation t hﬁﬁgéﬁggqugy@meher qpq%bﬁwﬁeﬁ_ dliws?ﬂé"?znﬁngfohmr ol ogi cal

di sorders suc deat h
resul ting froRhegdguanidinesoqiN;dsepropyl "d&é”l’&?”ﬂﬂhﬁl‘ﬂécﬂéﬂﬂa‘_v\hi ch

occurs duri ngethyTptfenyl)guami dine, hearn.igb ] "- _ﬁtsﬁ.ders of

TN el g Rt A2 e b
recepbor - medethytphenyl)gussidines pomntmxm-eéonpwmmeuu(qat ment of
G SEase: ool p BRI SRR TR DRI
di sease. indenyl)guanidine, NVDN-methyl oN- (lﬂetiuﬁphinxijﬁlﬁa(ohas led to
ot e s, o
J.M and Lazd® smf Jguanpdipe,\at N-mathyl -!!cu(l-QSM1ehenﬂ9-!682(-(-1979)
Zukin0 S. R ametKykpNeny fguaridine, N-methyl-N-(4-indanyl)-N’-(m-
ethylphenyl)guanidine, N-wethyl-N-(4-indenyl)-N’-(m-
ethylphenyl)guanidine, N-methyl-N-(o-iodophenyl)-N’-(m-
ethylphenyl)guanidine, N-methyl-N-(o-isopropylphenyl)-N’-{(m-
ethylphenyl)guanidine, N?nethyl-ﬂ-(l-naphthyI)-N'-(l-ethyl-

15 phenyl)guanidine, N-methyl-N-(m-methylphenyl)-N’-(m-
ethylphenyl)guanidine, N-(8-coumarinyl)-N’-(3-ethylphenyl)-N’-
methylguanidine, N-(1-naphthyl)-N’-(8-coumarinyl)-N-ethyl-
guanidine,N-(s-coumarinyl)-u'-(3-ethylpheny1)-N-efhylguanidine,
N-(1-naphthyl)-N’-(8-coumarinyl)-N-ethylguanidine, - N-(1-

20 naphthy1)-N’-(3-methylphenyl)-N’-methylguanidine, N-(1-naphthyl)-
N’-(3-nitrophenyl)-N’-methylguanidine, N-(1-naphthyl)-N’'-(3-
azidophenyl)-N’-methylguanidine, N-(7-f1uoro-l-naphtﬁyl)-N'-(3-
ethylphenyl)-N’-methylguanidine, N-(4-fluoro-1-naphthyl)-N’-(3-
ethylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(4-fluoro-3-

25 ethylphenyl)-N’-methylguanidine, N-(2-fluoro-1-naphthyl)-N’-(3-
ethylphenyl)-N’-methylguanidine, N-(S5-fluoro-1-naphthyl)-N’-(3-
ethylphenyl)-N’-methylguanidine, N-(8-fluoro-1-naphthyl)-N’-(3-
ethylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(2-fluoro-3-
ethylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(6-fluoro-3-

30 ethylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(2,4-difluoro-
3-ethylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(2,6-
difluoro-3-ethylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-
(2,4,6-trifluoro-3-ethylphenyl)-N’-methylguanidine, N-(2,4-

. difluoro-1-naphthyl)-N’-(3-ethylphenyl)-N’'-methylguanidine, N-

35 (2,4-difluoro-1-naphthyl)-N’-(3-ethylphenyl)-N’-methylguanidine,

N-(2,4,5-trifluoro-1-naphthyl)-N’-(3-ethylphenyl)-N"-
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Nat|. Acad. Sci. USA 76, 5372-5376 (1979); Sonders, MS., Keana, J.F.W and
Webet, E., Trends in Neurosci. 11(1), 37-40 (1988); and Anis, N A, Berry,
S.C., Burton, NR and Lodge, D., Br. J. Pharmacol. 79, 565-575 (1983). A
conpound whi ch binds to the PCP receptor can act as an ion channel bl ocker,
thereby interrupting the flow of ions through the cell nenbrane. In this
manner, agents which interact with thepCP receptor act as non- conpetitive
ant agoni sts reduci ng the agoni st action of glutamate at the NVDA receptor.
6 Known PCP receptor ligands include PCP, i.e., phencyclid- ine,

anal c:gues Sucn?etahsyllg_u[a%l_igi%ﬁg?l enw-)(é,ck/,‘:é-otr}ei)%)ilu]o_rgl- -ergalpq{tq\?y'l)-N’-(&
ethylphenyl)-N’-methylguanidine, N-(4-fluoro-1-naphthyl)-N’-(2,6-
difluoro-3-ethylphenyl)-N’-methylguanidine, N-(4-fluoro-1-
naphthyl)-N’-(2,4-difluoro-3-ethylphenyl)-N’-methylguanidine, N-
5 (7-fluoro-1-naphthy1)-N’-(4-fluoro-3-ethylphenyl)-N’-
methylguanidine, N-(4-fluoro-1-naphthyl)-N’-(4-fluoro-3-
ethylphenyl)-N’-methylguanidine, N-(4-fluoro-1-naphthyl)-N’-(6-
fluoro-3-ethylphenyl)-N’-methylguanidine, N-(8-coumarinyl)-N’-(3-
ethylphenyl)-N’-ethylguanidine, N-(1-naphthyl)-N’-(8-coumarinyl)-
10 N-ethylguanidine, N-(8-coumarinyl)-N’-(3-nitrophenyl)-N’-
methylguanidine, N- (8-coumarinyl)-N’-(3-methylphenyl)-N'-
methylguanidine, N-(8-coumarinyl)-N’-(4-fluoro-3-ethylphenyl)-N’-
methylguanidine, N,N’-di(8-coumarinyl)-N-methylguanidine, N,N’-
di(8-coumarinyl)-N-ethylguanidine, N-(2-fluoronaphthyl)-N’-(3-
15 methylphenyl)-N’-methyiguanidine,  N-(4-fluoronaphthyl)-N’-(3-
methylphenyl)-N’-methylguanidine,  N-(5-fluoronaphthyl)-N’-(3-
methylphenyl)-N’-methylguanidine,  N-(7-fluoronaphthyl)-N‘-(3-
methylpheny1)-N’-methylguanidine, N-(2,4-difluoronaphthyl)-N’-(3-
methylpheny1)-N’-methylguanidine, N-(2,4,5-trifluoronaphthyl)-N’-
20 (3-methylphenyl)-N’-methylguanidine, N-(2,4,8-trifluoronaphthyl)-
N’-(3-methylphenyl)-N’-methylguanidine,  N-(1-naphthyl)-N’-(2-
fluoro-3-methylphenyl)-N’-methylguanidine, N-(1-naphthy1)-N’-(4-
fluoro-3—methy1pheny1)-N’-methy]guanidine,N-(l-naphthyl)-N'-(S-
fluoro-3-methylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(3-
25 nitrophenyl)-N’-ethylguanidine, N-(1-naphthyl)-N’-(4-fluoro-3-
ethylphenyl)-N-methylguanidine, N-(1-naphthyl)-N’-(3-
trifluoromethylphenyl)-N’-methylguanidine, N(-8-coumarinyl)-N’-
(3-trifiuoromethylphenyl)-N’-methylguanidine, N-(1-naphthy1)-N’-
(3-trifluoromethylphenyl)-N'-ethylguanidine, and N(-8-
30 coumarinyl)-N’-(3-trifluoromethylphenyl)-N'-ethylguanidine.
The invention also relates to N,N,N’,N’-tetrasubstituted
guanidines of the Formula (II):
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(TCP),, benzonorphan (sigm) opiates, and (+)-5-nethyl-10, 11-

di hydr o- 5H di benzo[ a, d] cycl ohept ene-5, 10-imine (i.e., the drug M-801, see
U S. Patent No. 4,399,141). See, also, Wng, E HF., Kenp, J.A, Priestly,
T, Knight, AR, Wodruff, GN., Iversen, L.L., Proc. Natl. Acad. Sci. USA
83, 7104-7108 (1986), and Thonpson, WJ. et al., J.—Mee.--Chem -33: 789-808

(1990). W have identified conpoupgls which exhi.bit hﬁ h aﬁfi ity
for binding to the PCP receptor and are structurall?l!XlSé tHa icen FEER K nown
PCP receptor |igands. ~ . Summary ofJ ﬂlﬂ H It
I s- an object of this invention to provide tri- and t d

guani-di nes whi ch exhi bit ewﬁngh affinity for the PCP receptor of the NVOA
recept or - channel conpl ex. It is another object of this |ny§ﬁ£|on_tp
provi-de tri- and tetragsybgly-guted guani dines which exhibit a hi affinity
for the PCP receptor o qhe|N A receptor-channel conplex and low affinity
to thg brain signma receppor g» I't i-s another object of the invention to
provirde tri- and tetra-substituted guanidines to aid in PCP receptor

research. A fwhéredn RPResR"0dnd Re’ 1 Q¥ehdependently RIQUEIR1kyT greupd tetra-
substituted gE;a_r&Ldé ee?:y Sgerfold{), fCC;r-(Zst 2 lqtmry atg'r.rgur;)t’ gfc;]celltj)ra?lLyO]glgsglllp, a |
cycloalkyl group substituted with one or more substituents,
cycloalkenyl group, cycloalkenyl group substituted with one or
10 more substituents, carbocyclic aryl group, carbocyclic aryl group
substituted with one or more substituents, alkaryl group, alkaryl
group substituted with one or more substituents, aralkyl group,
aralkyl group substituted with one or more substituents,
heterocyclic group, heterocyclic group substituted with one or
15 more substituents, heteroaryl group, or a heteroaryl group
substituted with one or more substituents; |
or a physiologically acceptable salt thereof;
wherein said substituent is independently a halogen such as
chloro, fluoro, bromo, iodo, C,-Cg alkyl, C,-Cq alkoxy, cyano, Cs-
20 Cis dialkylaminoalkyl, carboxy, carboxamido, C,-Cg alkylthio,
allyl, aralkyl, alkaryl, C,-C4 cycloalkyl, aroyl, aralkoxy, C,-Cq
acyl, aryl, heteroaryl, an aryl fused to a benzene ring, a
heteroaryl fused to a benzene ring, C,-C, heterocycloalkyl, a Cy-
C¢ heterocycloalkyl ring fused to a benzene ring, C,-C; alkyl-
25 sulfonyl, arylthio, amino, C,-C4 alkylamino, C,-C,s dialkyTamino,
hydroxy, hydroxyalkyl, carbamoyl, C,-Cg N-alkylcarbamoyl, C,-Cis
- N,N-dialkylcarbamoyl, nitro, azido or a C,-C,; dialkylsulfamoyl;
and
wherein said compound exhibits high binding to the PCP receptor.
30 With reference to Formula (II), preferable N,N,N’,N’-
tetrasubstituted guanfdines are wherein R and R" are indepen-
dently a cycloalkyl group, a cycloalkyl group substituted with
one or more substituents, a cycloalkenyl group, cycloalkenyl
group substituted with one or more substituents, carbocyclic aryl
35 aroup, carbocyclic aryl group substituted with one or more

B T RS T T BT B R SR LR Y T E
substituents. ihoved CUGUNYL cit sy eup submtitinned wite ohes



conditions such as epilepsy and those nervous system di sorders associ ated

W t h neur odegenerati on. It is a further object -of—theinvention to
provide a method for treating and/or preventing ¢};s@as Bf he nervous

> . . . . . f L ee ep % . t f
system associ ated wi th excessive excitation of ner nists o
t he NVDA receptor. It is yet a fgigﬁer obj e E tionto
treat and/or prevent dysfunction of the hervous s for

exanpl e, epilepsy, associated with excessive excitation of nerve cells by f
agoni sts of the NVDA receptor. by t dm nistration of effective anounts o
tri- and tetr8FsHYE Sy ?fe‘g“ Bshi Grgﬁ‘-\’ioﬂ%’ﬂndé"ﬂ&ﬁ] rgroaphsebstituted 1y for

the PCP recepwdth one or more substituents, heterocyclic group, heterocycﬁc-
) group substituted with one or more substituents, heteroaryl
¢ group, or a heteroaryl group substituted with one or more
5 substituents; and ﬂ

R’ and R’’’ are independently a C,-C4 alkyl group, C,-Cs alkenyl
~ group, C,-Cg alkynyl group, an alkaryl group, a substituted

alkaryl, a cycloalkaryl, or substituted cycloalkaryl group.
Especially preferred guanidines having Formula (II) are
10 those wherein R and R" are independently carbocyclic aryl groups,
substituted cycloalkyl groups, cycloalkenyl groups, cycloalkenyl
groups substituted with one or more substituents, carbocyclic
aryl groups, substituted carbocyclic aryl groups, a1kary1 groups,
substituted aralkyl groups, heterocyclic groups, substituted
15 heterocyclic groups, heteroaryl groups, or substituted heteroaryl
groups; and R’ and R’’’ are C,-C4 alkyl groups. Particular
preferred N,N,N’N’-tetrasubstituted guanidines include N,N’-
diethyl-N,N’-di-(m-ethylphenyl)guanidine, N,N’-diethyl-N,N’-di-
(1-naphthyl)guanidine, N,N’-diethyl-N-(m-ethylphenyl)-N’-(4-
20 indanyl)guanidine, N,N’-diethyl-N-(m-ethylphenyl)-N’-(4-indenyl)-
guanidine, N,N’-diethyl-N-(m-ethylphenyl)-N’-(o-iodophenyl)-
guanidine, N,N’-diethyl-N-(m-ethylphenyl)-N’-(o-isopropylphenyl)-
guanidine, N,N’-diethyl-N-(m-ethylphenyl)-N’-(1-naphthyl)-
guanidine, N,N’-diethyl-N-(1-naphthyl)-N’-{m-ethylphenyl)-
25 guanidine, N,N’-diethyl-N-{m-methylphenyl)-N’-(m-ethylphenyl)-
guanidine, N,N’-diisopropyl-N,N’-di-(m-ethylphenyl)guanidine,
N,N’-diisopropyl-N-(m-ethylphenyl)-N’-(4-indanyl)guanidine, N,N’-
diisopropyl-N- (m-ethylphenyl)-N’-(4-indenyl)guanidine, N,N’-
diisopropyl-N-(m-ethylphenyl)-N’-(o-iodophenyl)guanidine, N,N’-
30 diisopropyl-N-(m-ethylphenyl)-N'-(o-isopropylphenyl)guanidine,
N,N‘-diisopropyl-N-(m-ethylphenyl)-N’-(1-naphthyl)gquanidine,
N,N’-diisopropyl-N-(m-ethylphenyl)-N’-(m-methylphenyl)guanidine,
N,N’-dimethyl1-N,N’-di-(m-ethylphenyl)guanidine, N,N’-dimethyl-N-
(m-ethylphenyl)-N’-(4-indanyl)guanidine, N,N’-dimethyl-N-(m-
35 ethylphenyl)-N’-(4-indenyl)quanidine, N.N"-dimethyl-N-(m-

athylphenyl)-N' - (r-iodophenyl)cuanicdine. N -dimethy =N -



7 It is yet a further object of the invention to LLeat-and¥e¢ pr event

neur odegenerative conditions and/or nerve cell death resultin

hypoxi a, hypoglycem a, brain or spinal chord |schmms aﬁm m? |nm
chord trauma, and the like, by the adm nistration i unts of
tri- and tetra-substituted guani di ne conpounds hav n|ty for

the PCP receptor. It is a furtherjgebject of f e present I nvention to
treat and/or prevent neurodegenerative conditions associated with the
vari ous neurodegenerative di seases such as Parki nson's di sease,

Dourr < Syndr ofEVARRET(R] F Lo apE e g Aty WM FUREEI -8t T ot ve
anount s of tréthya]rpdiehyl)-dl-’s(lbertaphhhpugganidmer;es murmmthyym-e(inf-l nity for
Lo P L ecePkly)aneny)-h's eEpRub AT\ AR e - bERESRBpraBtET o0 CO
condi ti on, ﬁ{"ﬁ?dad(ﬂﬂﬁtb!}nhgn!iigﬂanldﬁﬂgctuﬂﬂﬁhxﬂﬂuuﬁﬂfﬁtbylPhﬁ“y])ﬂ“ﬁ

t et ra?ﬁubst i t gﬁg‘ggg@tﬂ gP@qylgﬁlarﬁdli'hQrN-%ftf\ﬂl'NLgla-fé%?lyHH’en . Nrecept or .

Upon rther at1on an rther

obj ects and alftindanel) -Ni- HQP§°R-VHGE#WF’6FP1\M'PFEH€&'0ﬁ'ﬁ'e&b#'bn’tﬁw ¥’ rhose
skilled in theoodophenyl)-N’-isopropylguanidine, N-ethyl-N-(m-ethylphenyl)-

N’-(o-isopropylphenyl)-N’-isopropylguanidine, N-ethyli-N-(m-
ethylphenyl)-N’-(1-naphthyl)-N’-isopropylguanidine, N-ethyl-N-(m-
10 ethy]-phenyl)—N'-(m-methylphenyl)—N’-isopropy]guanidine, N-ethyl-
N-(4-1indanyl)-N’-(m-ethylpheny1)-N’-isopropylguanidine, N-ethyl-
N-(4-indenyl)-N’-(m-ethy1pheny1)—N'-isopropylguanidine,N-ethy]-
N-(o-iodophenyl)-N’-(m-ethylphenyl)-N’-isopropylguanidine, N-
ethyl-N-(o-isopropyliphenyl)-N’-(m-ethylphenyl)-N’-isopropylgu-
15 anidine, N-ethyl-N-(1-naphthyl)-N’-(m-ethylphenyl)-N’-
isopropylguanidine, N-ethyl-N-(m-methylphenyl)-N’-(m-
ethylphenyl)-N’-isopropylguanidine, N,N’-diisopropyl-N,N’-di-(m-
ethyl-phenyl)guanidine, N,N’-diisopropyl-N-(m-ethylphenyl)-N’-(4-
indanyl)guanidine, N,N’-diisopropyl-N-{m-ethylphenyl)-N’-(4-
20 indenyl)qguanidine, N,N’-diisopropyl-N-(m-ethylphenyl)-N’-(o-
jodophenyl)guanidine, N,N’-diisopropyl-N-(m-ethy]pheny])-N'-(o-
isopropylphenyl)guanidine, N,N’-diisopropyl-N-(m-ethylphenyl)-N’-
(1-naphthyl)guanidine, N,N’-diisopropyl-N-{m-ethylphenyl)-N’-(m-
methylphenyl)guanidine, N,N’-diisopropyl-N-(4-indanyl)-N’-(m-
25 ethylphenyl)guanidine, N,N’ -diisopropyl-N-(4-indenyl)-N’-{m-
ethylphenyl)guanidine,N,N’-diisopropyl)-N-(o-iodophenyl)-N’-(m-
ethylphenyl)guanidine, N,N’-diisopropyl-N-(o-isopropylphenyl}-N’-
(m-ethylphenyl)guanidine,N,N’ -diisopropyl-N-(1-naphthyl}-N’-(m-
ethyl-phenyl)gquanidine, N,N’-diisopropyl-N-(m-methyliphenyl)-N’-
30 (m-ethylphenyl)guanidine, N-methyl-N,N’-di-(m-ethylphenyl)-N’-
isopropylguanidine, N-methyl-N-(m-ethylphenyl)-N’-(4-indanyl)-N’-
isopropylguanidine, N-methyl-N-(m-ethylphenyl)-N’-(4-indenyl)-N’-
isobropy]guanidine, N-methyl-N-(m-ethylphenyl)-N’-(o-iodophenyl)-
N’-isopropylguanidine, N-methyl-N-(m-ethylphenyl)-N’-(o-
3% isopropy]-pheny1)-N’-isopropy1guanidine. N-methyl-N-{m-
ethyivhenyl}-K' -V naphie )0 - dcoprepyleuani fine, Venethed i



Brief Description of the Draw ng Various other.objects, features and
attefidant advantages of the present invention will be nDre fully

appreci ated as the same becomes better understoo eroReplacedi n
codnjunction with the acconpanyi ng Fi gure wherein: 1is a
graphkcal conparison of the data resultlng fromt urotoxicity

assay with the data resulting fromthé $ad|ollgand bi ndi ng assay for sone

of the conpounds ' which are given as exanples and which are the subject of
some of the clains.

REPLACEVENT SHmEdthylphenyl)-N’-(m-methyiphenyl)-N’-isopropylguanidine, N-
methy1-N- (4-indany1)-N’ - (m-ethylpheny1)-N’-isopropylguanidine, N-
methy1-N-(4-indeny1)-N’ - (m-ethylpheny1)-N’-isopropylguanidine, N-
methy1-N- (o-iodophenyl)-N’ - (m-ethylphenyl)-N’-isopropylguanidine,

.5 N-methy]-N-(o-isopropylphényl)-N'-(m-ethylphenyl)-N'-
isopropylguanidine, N-methyl-N-(1-naphthyl)-N’-(m-ethylphenyl)-
N’-isopropylguanidine, N-methyl-N-(m-methylphenyl)-N’-(m-
ethylphenyl)-N’-isopropylguanidine, N-ethyl-N,N’-di-(m-
ethylphenyl)-N’ -methylguanidine, N-ethyl-N-(m-ethylphenyl)-N’-(4-

10 indany1)-N’-methylguanidine, N-(ethyl)-N-{m-ethylphenyl)-N’-(4-
indenyl)-N’-methylguanidine, N-ethyl-N-(m-ethylphenyl)-N’-(o-
jodopheny1)-N’ -methylguanidine, N-ethy1-N-(m-ethylphenyl)-N’-(o-
isopropylphenyl)-N’-methylguanidine, N-ethyl-N-(m-ethylphenyl)-
N’- (1-naphthyl)-N’-methyl-guanidine, N-ethyl-N-(m-ethylphenyl)-

15 N’ - (m-methylpheny1)-N’-methylguanidine, N-ethyl-N-(4-indanyl)-N’-
(m-ethylphenyl)-N’-methylguanidine, N-ethyl-N-(4-indenyl1)-N’-(m-
ethyl-phenyl)-N’-methylguanidine, N-ethyI-N-(o-iodophenyl)-N'-(m-
ethylphenyl)-N’-methylguanidine, N-ethyl-N-(o-isopropylphenyl)-
N’ -(m-ethyiphenyl)-N’-methylguanidine, N-ethyl1-N-(1-naphthyl)-N’-

20 (m-ethylphenyl)-N’-methyl-guanidine, N-ethyl-N-(m-methylphenyl)-
N’-(m—ethy]phenyl)-N'-methylguanidine,N,N’-di(1-naphthy1)-N,N'—
dimethylguanidine, N-(8-coumarinyl)-N’-(3-ethyiphenyl)-N,N’-
dimethylguanidine,N;N'sdi(8-coumariny1)-N,N'-dimethylguanidine,
N,N’ -di (8-coumarinyl)-N-methyl-N’-ethylguanidine, N-(1-naphthyl)-

25 N’ -(3-nitrophenyl)-N,N’-dimethylguanidine, N-(1-naphthy1)-N’-(3-
azidophenyl)-N,N’-dimethylguanidine, N-(8-coumarinyl)-N’-(3-
nitrophenyl)-N,N’-dimethylguanidine, N-(8-coumarinyl)-N'-(3-
azidophenyl)-N,N’ -dimethylguanidine, N-(7-fluoro-1-naphthyl)-N’-
(3-ethylphenyl)-N,N’-dimethylphenylguanidine, N-(4-fluoro-1-

30 naphthyl}-N’-(3-ethylpheny?}-K,N’-dimethylguanidine, N-(1-
naphthy1)-N’-(4-fluoro-3-ethylphenyl-N,N’-dimethylguanidine, N-
(1-naphthy1)-N’-(3-methylphenyl)-N,N’-dimethyiguanidine, N-(8-
coumarinyl)-N-(3-methylphenyl)-N,N’-dimethylguanidine, N-(1-
naphthyl)-N’-(3-nitrophenyl)-N,N’-diethylguanidine, N-(1-

35 naphthy])-N’-(3-azidopheny1)-N,N’!diethylguanidine, N-(8-

mpemarinv])-H - (2-nitrophenyi)-i W -disthyicuanidine.  N-'E



8 Descrlptlon of the Preferred Enbodlnents These objects
have “been achi eved by the determ nation of certain tri- and
tetra-substituted guani dines which exhibit a high binding affinity for the
PEP receptor site. The preferred N,N,N -trisubstituted guani di nes of
this mnvention are those of the Formula (I1): [err] wherein R R and
R' are independently a Clerr]-Clerr] allByl group, Cerr]-Clerr] alkenyl
group, C2-C[err] al kynyl group, cycloal kyl group, cycloal kyl group
substituted with one or nore substituents, cycl oal kenyl

- coumarinyl)-N’-(3-azidophenyl)-N,N’-diethylguanidine, N-(7-

) fluoro-l-naphthyl)-N’-(3-ethyliphenyl)-N,N’-

diethylphenylguanidine, N-(4-fluoro-1-naphthy1)-N’-(3-.

ethylphenyl)-N,N’-diethylguanidine,N-(1-naphthy1)-N’-(4-fluoro-

5 3-ethylphenyl-N,N’-diethylguanidine, N-{1-naphthyl)-N’'-(3-

methylphenyl)-N,N’-diethylguanidine, and N-(8-coumarinyl)-N-(3-
methylphenyl)-N,N’-diethylguanidine.

Typical alkyl groups are, for example, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, hexyl,

10 heptyl and octyl.

Typical cycloalkyl groups have 3 to 12 carbon atoms, e.g.,
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, 1,4-methylene-
cyclohexyl, adamantyl, norbornyl, isobornyl, menthyl, cyclo-
pentyimethyl, cyclohexylmethyl, 1- or 2-cyclohexylethyl and 1-,

15 2- or 3-cyclohexylpropyl.

Typical cycloalkenyl groups have 5 to 12 carbon atoms and
include cyclopentenyl, cyclohexenyl, cycloheptenyl, and cyclo-
octenyl groups.

Typical carbocyclic aryl groups include phenyl, 1-naphthyl,

20 2-naphthyl, biphenyl, phenanthryl, and anthracyl groups.

Typical alkaryl or aralkyl groups, e.g., of up to 18 carbon
atoms, may contain 1-3 separate or fused aromatic rings, e.g.,
phenyl, benzyl, C,-C; alkylphenyl, nitrophenyl, azidophenyl,
naphthyl, 1- and 2-phenylethyl, 1-, 2-, or 3-phenyl-propyl; o-,

25 m-, or p-tolyl, m,m’-dimethyl-phenyl, o-, m-, or p-ethylphenyl,
' m,m’-diethyl-phenyl, m-methyl-m’-ethyl-phenyl, o-propylphenyl,
and o-isopropylphenyl.

Typical heterocyclic aromatic rings including coumarinyl,
pyridyl, pyrazinyl, pyrimidyl, furyl, pyrrolyl, thienyl,

30 thiazolyl, oxazolyl, imidazolyl, indolyl, benzofuranyl and
benzthiazolyl.

Typical alkenyl groups include allyl, 2-butenyl, 2-pentenyl
and- 2-hexenyl groups.

Typical alkynyl groups include 2-butynyl, 2-pentynyl and 2-

35 hexynyl groups. I —
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group, cycl oal kenyl group substituted with one or nor & substituents,
carbocyclic aryl group, carbocyclic aryl group substi t Uty hedt Hks BRBER dplacddOl €

substituents, alkaryl group, alkaryl group substituted wj W4
substituents, aralkyl group, aralkyl group substituted wi -
subst« tuents, heterocyclic group, heterocyclic group sub ] ne

or nore substituents, heteroaryl groupl?7er a heteroaryl group substituted
with one or nore substituents; or a physiologically acceptable salt
t hereof ; wherein said substituent is a hal ogen such as chloro, fluoro,

bromo, iodo, C erriypGtsT rdrofl kgroupsd ficl bdCle@rbdnyd! kapstitavéndy ke Clerr]

di al kyl am no-_,al kyl., .carboxy cargoxan1do, Cerr]-Cerr] alkylthio, allyl,

aral kyl , C[eratbf’ye'dl[ié#? a(?inszfluRil'l , aroyl, aralkoxy, Jerr]-Cerr]. acyl,

gryl, heteroaryl , Bypiealyl afa‘ﬁlenkyt dgmu?enlzinnllaude' ngt-eg ?etél?xpaigﬂouwsed to a
enzene ring, rrL-cLerr ter a a Jerr]-Cerr .

het er ocycl oglﬁﬁgﬁ‘%ﬁﬂw’séhet °§e'§3ﬁ§%‘ﬂérﬁ/rﬂ59"ﬁ'err] - err] alkylsulfonyl,

aryl thi o, am no, Jypicidl bptevnokyclda}kyhgraupsCinalude tetratpidvgfuranpgb, hydroxy,

hydr oxyal kyl , errls- A N- I anpyl , =Jerr]

N, N- di al ky Cgs%ﬁ#ﬁ@ﬂ“??‘%ﬁ"%; ﬂf’%ﬂéﬁ]& cﬁléw? ermr?ﬁ‘ cPrVg[' E{/"lrd]s"&ﬁ amoy|

and wherei n SXPUPLonpound exhibits high binding to the PCP receptor.

Preferably, with [ii%h.ﬁ&ﬁt@x%%%%gﬁﬁgdﬁgbé‘ drb) theP§@ject &oF DL§! Patédtsnestituted

guani di nes are_wherein R a .
4,709,094, incorporated herein by reference, the preferred of

10 which are described therein by the Formula (III):

NH

(111)

R—NH—C—NH—R
wherein R and R' are each independently alkyl, cycloalkyl,
15 carbocyclic aryl, alkaryl or aralkyl. As a class, these com-
pounds are described in this patent as exhibiting a highly
selective binding activity to the sigma brain receptor. DTG
jtself also exhibits a strong selectivity for the sigma receptor
- (Weber, E., Sonders, M., Quarum, M., MclLean, S., Pou, S., &
20 Keana, J.F.W., Proc. Natl. Acad. Sci. USA 83, 8786-8788 (1986)).
In copending application serial no. 07/237,367, it is disclosed
that additional specific members of this class of disubstituted
guanidines exhibit a high binding activity for the PCP receptor.
It has now been determined that certain tri- and tetra-substi-
25 tuted guanidines also exhibit a high affinity for the PCP
receptor. Surprisingly, certain tri- and tetra-substituted
guanidines also exhibit exceptionally low binding to the sigma
receptor. Therefore, these tri- and tetra-substituted guanidine
compounds can be used in methods of treatment without effecting

30 sigma mediated physiological responses.
Tri- and tetra-substituted guanidines can readily be
prepared by the reaction of an amine with a preformed alkyl or
aryl cyanamide (see Safer, S.R., et al., J. Org. Chem. 13:924
(1948)) or the corresponding N-substituted =zalkyl or aryl

- ., 3 < N ‘ HY L . -~ - -~ CRre - T R . c
cvanamide, Thic 7 the methed of cheoice fer | odicing 00




9 inqépendently a cycl oal kyl group, cycloalkyl group substituted with one
nore substituents, cycloal kenyl, cycloal kenyl substituted by one or
sybstitutents, carbocyclic aryl group, carbocyclic aryl group substituted

or

with one or
with one or
with one or

het er oar yl

nore substituents, al karyl group, alkaryl group substituted

nore

nore substituents, aral kyl-g-oup,. aral kyl group substituted
nore substituents, heterocyclic group, -heterocyclic group
substituted with one or nore substituents, heteroaryl group, or a

i ndependently a : : (
C2- Crerr] al kyre| ngf oidentiealal kakFan ayreacent osynthespst of uagyimebkiaall group.
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guanidines, see G.J. Durant et al., J. Med. Chem. 28:1414 (1985),
and C.A. Maryanoff et al., J. Orq. Chem. 51:1882 (1986),
incorporated by reference herein.

The most direct route to symmetrical as well as unsym-
metrical N,N,N’-trisubstituted guanidines is the reaction of a
N,N-dialkylaryl amine with 1.2 equivalents of cyanogen bromide
(Cressman, H.W.J, Org. Syn. Coll. 3:608-609 (1955)), and then
heating the resulting disubstituted cyanamide in chlorobenzene
with one equivalent of an amine hydrochloride (Kavanaugh, M.P. et
al., Proc. Natl. Acad. Sci. (USA) 85:2844-2848 (1988)) of the
same parent partner (for a symmetrical compound) or the other
partner (for an unsymmetrical compound). The symmetrical
tetrasubstituted guanidines can be prepared by heating the N-
monoalkylarylamine with 0.5 equivalents of cyanogen bromide in
ethanol or without solvent (Weber, E. et al., Proc. Natl. Acad.
Sci. (USA) 83:8784-8788 (1986)), whereas an unsymmetrical
guanidine is made by the reaction of a N,N-dialkylaryl amine with
1.2 equivalents of cyanogen bromide (Cressman, H.W.J, Org. Syn.
€oll. 3:608-609 (1955)) and then heating the resulting cyanamide
in chlorobenzene with one equivalent of the N-monoalkylarylamine
hydrochloride of the other partner (Kavanaugh, M.P. et al., Proc.
Natl. Acad. Sci. (USA) 85:2844-2848 (1988)).

In a compositional aspect, this invention relates to a
pharmaceutical composition in unit dosage form and adapted for
systemic administration to a subject, e.g., a human being,

comprising per unit dosage an effective amount of a tri- or
tetra-substituted guanidine, wherein the tri- or tetra-substi-
tuted guanidine has a high affinity for the PCP receptor.

In another compositional aspect, this invention relates to
a neuroprotecting N,N,N’-trisubstituted Quanidine which exhibit
a high binding activity with respect to the PCP receptor in
mammalian nerve cells, and the physiologically acceptable salts
thereof.
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EspeC| ally preferred NN, N -trisubstituted guani_dines incl ude
N, N -di - (I - napht hyl ) - N- net-hyl guani di ne, NN -di-(1-7 77—

napht hyl )« N-et hyl guani dine, N, N -di-(methyl pheﬁWsShé\&tngtﬁgy,jRep ggnl di ne,

N* (o-isopropyl phenyl)-N.-nmethyl-N -(1- naphthyl)- g
N- (m et hyl phenyl ) - N-net hyl - N - (I - napht hyl ) guani di n I m m”,”"I
N-ethyI-N,N'-di-(n}ethyIphenyl)guanid|7£;
ethylphenyl)-N‘-(4-indanyl)guanidine N- et hyl - N- (m et hyl phenyl ) -
N - (4-indenyl.)guanidi ne, N- et hyl - N- (m et hyl phenyl )-N -(o-
oer oo v puth e o T e bt v
e

napht hyl )guan¥ %@euromogg%}pg @Wet’w %ﬁ gﬁﬁ%n@%%%mé)'ne which
Rfetmlgl l)gtlifl?llldextgmt - dtigl| bindidgi wuanwe)spet'e (to etliey| RGPemecptayudmi di ne,

et hy | hde y
ethyl -N-(o-i oﬂm ﬁ?f* )""W‘"g W!?hﬁ“ﬁhﬂﬁ{/%?ﬁ%ﬁlﬂ fhﬁaglyl'ﬁcephaqle 5 'lt_s
|50Erng;pRFn?heFi§f fn}ethylphenyg)guan|d|ne N- et hyl - N—(l-
nap y me | I
met hyl phenyl )-N - ITX Ea@den gﬂaﬁr]llﬁ invenholnsgb'ﬁ)t@ td\l'a(lﬁéthod for
(m et hyl phenytygatang cnmereventmsbsmwn neuralegi ﬁﬂo éﬁyﬁiﬁ"sw "{Cil“di"g

i ndanyl ) guani
' ndenyl ) quani éllué‘ngonseﬂehéaobﬁ&ﬂol& oFtPhindtaecbpalin-Mjury; epilepsy or

phenyl ) guani dne4rod eg?M@ib?%%&é&%%@ﬁfS%ﬁﬁ@% ;WI\%"@S?T#@gﬁoﬁ an

pyl phenyl ) guasfflctdve amount iofcprtepy lorNdtraesubst pticted guadidine having
a high affinity for the PCP receptor to a subject in need of such
treatment. - Such tri- and tetra-substituted guanidines possess
utilities as non-competitive blockers of NMDA-receptor-mediated
effects.

15 In a further method aspect, this invention relates to a
method of ameliorating the neurotoxic effect induced by glutamate
interacting with the NMDA receptor of a nerve cell, comprising
administering to a subject, e.g., a human being exhibiting
symptoms of or susceptible to such neurotoxic effect, a tri- or

20 tetra-substituted guanidine having a high affinity for the PCP
receptor of the nerve cell in an amount effective to ameliorate
the neurotoxic effect. The term "high affinity" means the
compound exhibits an ICsp of 1 pM or less in a PCP receptor

binding assay, more preferably, at most 0.5 uM, in a typical PCP
25 receptor assay as described below.

In another method aspect, this invention relates to a
method of inhibiting NMDA receptor-ion channel related neuro-
toxicity comprising administering to a mammal a tri- or tetra-
substituted guanidine possessing a high affinity for the PCP

30 receptor of a nerve cell, in an amount effective to inhibit the
neurotoxicity.

In another method aspect, the present invention relates to
a method of treating Korsakoff’s disease, a chronic alcoholism-
induced condition, comprising administering to a mammal a tri- or

[P]
w

tetra-substituted guanidine possessing a high affinity for the

PCP receptor of a nerve cell, in an 2mount effective 1o toua the



napht_ hyl ) guani di ne, N-i sopropyl -N-(m et hyl phenyl )-N -(m

net hyl phenyl ) guani di ne, - N-isopropyl -N-(4-indanyl)-N_-(nm .

et hyl phenyl ) guani di ne, N-i sopropyl - N-(4-indenyl)-N - (n}ethyl
REPLACENVENT SHEET . 'This$ Sheet Ha$ Been Replaced
phenyl) guani di ne, N-isopropyl-N-(o-iodophenyl)-N Jq

phenyl ) guani di ne, N-i sopropyl - N- (o- |ﬁ§propylphen

et hyl phenyl ) guani di ne, N-i sopr opyl | - napht

et hyl phenyl ) guani di ne, N-i sopropyl - N—(n}nethylphenyl) N -(m

e hyl.phenyl )ghlasrgacgw ePretre';FttggntthXJ’ an n(aq}s J“ 8.“ RIXM ar'u\l:ag%m st MK-801
— markedly attenuates the extent of cell loss, hemorrhages and.

. amino acid changes in a rat model of Korsakoff’s disease. See
Langlais, P.J. et al., Soc. Neurosci. Abstr. 14:774 (1988).

5 Therefore, the tri- and tetra-substituted guanidines of the
present invention have utility for the attenuation of cell loss,

hemorrhages and amino acid changes associated with Korsakoff’s

disease.
Such tri- and tetra-substituted guanidines and other non-
10 competitive blockers of NMDA receptor-mediated responses can be

determined by a method involving: (a) determining the binding
affinity with respect to the PCP receptor by competitive
displacement of tritiated MK-801; (b) in vitro cytotoxicity
studies measuring the ability of the compound to prevent nerve
15 cell death caused by exposure to glutamate; and (c) determination
of in vivo neuroprotective ability using animal models. .
Evaluation of the binding activity of organic compounds
with respect to the PCP receptor is performed using radioligand
binding assays. The compounds are tested to determine their
20 ability to displace tritiated MK-801 which is used to label PCP
receptors. Evaluating the competitive displacement binding data,
the preferred compounds are those which exhibit a high affinity

(i.e., Tow ICg value) for the PCP receptors.

Under the PCP binding activity studies, an ICg5, value of at
25 most about 1 uM, preferably at most about 0.5 pM, indicates a
high binding affinity.

Under the sigma binding studies, an IC;, value of at least

1 uM indicates a low binding affinity. The sigma receptor

binding assay, preferably against °H-DTG, may be performed as

30 disclosed by Weber et al., Proc. Natl. Acad. Sci (USA) 83:8784-
8788 (1986), which is'incorporated by reference herein.

_ In the neurotoxicity studies cultured mammalian neurons or

cell lines expressing EAA recéptors are exposed in vitro to

glutamate and the compound under investigation. The amount of an

q enzyme. lactate dehydrogenase (LDH), released from the cells inte



indaqyl)guanidine, Nmet hyl - N- (m et hyl phenyl ) -N - (4- indenyl)guanidine,
N- net'hyl - N- (m et hyl phenyl ) -N -(o- iodophenyl)guanidine S

N- et hyl - N- (m et hyl phenyl )-N - (o-i sopropyl - phe H ne,

N et hyl - N- (m et hyl phenyl }-N - (m net hyl phenyl ) cen Replaced
N-net hyl - N- (4-i ndanyl )-N -(m et hyl phenyl ) guani di I l Iu I”
N- et hyl - N- (4-i ndenyl )-N -(m et hyl phe ljguanld

N- net hyl - N- (0-i odophenyl )-N -(m et hyl phenyl ) guani di ne,

N- et hyl - N- (o-i sopropyl phenyl )-N -(m et hyl phenyl ) guani di ne,

N- et hyl - N- (| themied ik )isNa -nleasetenyf -cedhadeath guFhisiiinevitro cell death

N- net.hyl - N- hyl
N (B courar | nBFS R = (AR ibed oy dPenfay deba i bRialn 0 .
N- (-l --napht hyl ) - N - aﬂ tbenim i viimo) -neucetoxicity studies, the exper1menta1

guani-di ne, N- Ph
N-(I- ngphthyf %%%ﬁé!#%f(? e%@y# Sgg%?
naphtfyl ) - N - (hken S35 V1N :i

N -(3-ni tfophsmr aaumnkiretdmhguaw dlsgmw (Md),nnmtmkk Mnn( arbor,
azi dophenyl ) - net h | or o I
et hyl pheny! ) - wcw@ni b 8!“&@03’%(1 ftIhEBr“l?dF]h&BM i“Jﬁth into
e'; Ey: pﬂggy: g bhe Wrbbfﬂhdlemdsmre Nof{ la- Faphmbytaudus (mam dojury3which
ot hyl Bhenzl) kesefiif § %lf EF%%G""{{ %Ea o Bibnia m{'}kﬂ% - dpe (@ﬂ't’
et hyllphenyl ) - bif - tﬂthyb@wndshmehm-t( ghe IMB&ﬂnﬂutﬂgﬂﬁﬁwq isra (ngasure
of their neuroprotective properties; and, since the compounds are
administered intraperitoneally, the model also provides informa-
tion about a compound’s ability to cross the blood-brain barrier.
As discussed above, the tri- and tetra-substituted guanid-
ines of the present invention exhibit high affinity for the PCP
receptor and low affinity for the sigma receptor. Thus, in
addition to the treatment of neurodegeneration and related
5 conditions discussed above, the guanidines of the present
invention may also be used as a pharmacological tool in an animal
model for the screening of potential PCP receptor ligands.
The compounds of this invention can be administered
intranasally, orally or by injection, e.g., intramuscular,
10 intraperitoneal, subcutaneous or intravenous injection, or by
transdermal, intraocular or enteral means. The optimal dose can
be determined by conventional means. Because most if not all of
the tri- and tetra-substituted guanidines employed in this
invention are substantially water insoluble, they are ordinarily
15 administered in the protonated form, e.g., as a pharmaceutically
acceptable salt of an organic or inorganic acid, e.g., hydro-
chloride, sulfate, hemi-sulfate, phosphate, nitrate, acetate,
oxalate, citrate, maleate, etc.
The compounds of this invention can be employed in mixture
20 with conventional excipients, i.e., pharmaceutically acceptable
organic or inorganic carrier substances suitable for parenteral,
enteral or intranasal application which do not deleteriously

react with the active compounds. Suitable phavmaseniicaily



ethytphenyl)-N‘-nethylguanidine, N- (I - napht hyl ) - N -.(2-fluero-3————
et hyl'phenyl ) - N - met hyl guani di ne, N-(I-naphthyl)-N -(6-fl uoro-3-

et hyl phenyl ) - N' - met hyl guani di ne, N (I - napht hyl ) - [{his Sheet ed
3-et hyl phenyl ) - N - net hyl guani di ne, N- (I - napht hy ﬁ BT i[

di fl uer o- 3- et hyl phenyl ) - N - net hyl guani dj N (I
(2,4,6-trifluoro-3-ethyl phenyl)-N - neth??guanldlne N (2, 4-

di fl uoro-I-naphthyl)-N -(3-ethyl phenyl)-N -nethyl guani di ne,
(2,4-difluoro-I-naphthyl)-N -(3-ethyl phenyl)-N - nethylguanldlne
N-(2,4,5-trif Ianoemt—dbleaipinrhgrs -mthde- butydnshaet | himited to water, salt
11 n&thylguan o] a 3-

et hyl phenyl) Iﬁgwﬁ nsr ll:ld-afl"l:l% | ne, %%ﬁdﬁ??uo‘#ggl P%&]ﬁ{tb jene 'Ii'cols,

di -l uor a- 3- et mp]pﬁmy|l)acwsqyetqwﬂ%n,n@gw1um ske rzp_tpbu FJBIC s1hc1c'
Y acid, viscous paraffin, perfume oil, fatty acid monoglycerides

.5 and diglycerides, petroethral fatty acid esters, hydroxymethyl-
cellulose, polyvinylpyrrolidone, etc. -The pharmaceutical
preparations can be sterilized and if desired mixed with
auxiliary agents, e.g., lubricants, preservatives, stabilizers,
wetting agents, emulsifiers, salts for influencing osmotic

10 pressure, buffers, colorings, flavoring and/or aromatic sub-
stances and the like which do not deleteriously react with the
active compounds. _

For parenteral application, particularly suitable are
solutions, preferably oily or aqueous solutions as well as

15 suspensions, emulsions, or implants, including suppos1tor1es
Ampules are convenient unit dosages.

For enteral application, particularly suitable are tablets,
dragees or capsules having talc and/or a carbohydrate carrier
binder or the like, the carrier preferably being lactose and/or

20 corn starch and/or potato starch. A syrup, elixir or the like
can be used wherein a sweetened vehicle is employed. Sustained

release compositions can be formulated including those wherein
the active component is protected with differentially degradable
coatings, e.g., by microencapsulation, multiple coatings, etc.
25 Intravenous or parenteral administration, e.g., sub-
cutaneous, intraperitoneal or intramuscular administration are
preferred. The compounds of this invention are particularly
valuable in the treatment of mammalian subjects, e.g., humans,
wherein the pathophysiology of the disease involves excessive
30 excitation of nerve cells by agonists of the NMDA receptor.
Typically, such subjects include those afflicted with neuro-
degenerative diseases such as Parkinson’s disease, Huntington’s
disease, Amyotrophic Lateral Scleraosis, Alzheimer’s disease,
Down’s Syndrome and Korsakoff’s disease. Also suitable for
35 treatment are those subjects suffering from or likely to suffer
fro» nervous system dysfunctions resulting from. for exam;ﬂé-.



napht_hyl )-N-(2, 4- di' fl uor o- 3- et hyl phenyl ) - N - et hyl guani di ne, N-
(7-flFuoro-1-napht hyl)-N - (4-fl uoro-3-ethyl phenyl )-N - net hyl guani di ne,
N-(4-fluaro-I-naphthyl)-N -(4-fluoro-3- ethyl pheny|r)ms|SlxeeﬂHsByéniéﬂmeﬂl ne,

N (4-fluoro-1-naphthyl)-N -(6- fluoro-3-ethyl phenyl) |“1m I m|| di ne,
N- (I -napht hyl)-N -(8-counmarinyl)- N-etdgglguani di ne,
N- (8- coumarinyl)-N - (3-nethyl phenyl)-N - nethyl guani di ne,

N- (8-eoumarinyl)-N -(3- ethyl phenyl)-N -ethyl guan d|
N- (8-coumarinyl)-N -(3-nitrophenyl)-N - nethyl guani di ne,
N-(8-co t
YLy e W Yol ™ e
di (8- counari riwr))oxr«nemupagjwaamm,nbramm( spinal chond prschemia ar brain or

met-hyl phenyl )¢ na'feélgﬁﬂdgﬂﬁiu | NeTypichh (é’m?*d’ﬁreenf&htﬁ'!himéﬂt ifictude’

T ety ke brath, b5 sotg CraBh, AR nts.
gt Eﬁ Bﬂggy:g patiehts hm:m#gai ﬁﬁJorNsﬁl?e‘ﬂ' dw{\éfnﬁ)lrmanhrbctﬁmw i63a
(3- net hyl p%en@ﬁ’%e“ﬂl‘aﬂ)éfﬂgﬂqgﬁ atiogi r?@gl- &’thtél'ii 4[#Y$?ﬁr]8n%&%55ﬁ\921f‘ en

1[\II uf) ?Oﬁgt Pnglt Wb)‘eﬁi\homiﬂhwuudmoegas ehb¢ i riapthenpldod\st¢eam.
[ uor o3 ety oy L R AR S A bRt o
f I uor o- 3- net hgthenwompoundsetmdgmm dvaey Naggordingt ﬁq| )thN specific
nitrpphenyl) - Nhmpouhd 'a4AG Utk Pized\ tHe Pt hEEM4EYr) cothpos ft {dnsOfdtmélated,
the mode of application and the particular site of administra-
tion. Optimal administration rates for a given protocol of
administration can be readily ascertained by those skilled in the
art using conventional dosage determination tests conducted with

15 regard to the foregoing guidelines.

As the guanidines of U.S. Patent No. 1,'411,713, the
guanidines of the present invention may also be used a rubber

accelerators.
Without further elaboration, it is believed that one
20 skilled in the art can, using the preceding description, utilize

the present invention to its fullest extent. The following
preferred specific embodiments are, therefore, to be construed as
merely illustrative, and not limitative of the remainder of the
disclosure in any way whatsoever.

25 The entire text of all applications, patents and publica-
tions cited above and below are hereby incorporated by reference.

EXAMPLES

In the following examples, melting points were determined

in open capillary tubes on a Thomas-Hoover apparatus (compounds

30 melting < 230°C) or on a Melt-Temp (compounds melting > 230°C) and
are uncorrected. The NMR spectra of all compounds were recorded

on a General Electric QE-300, and chemical shifts are reported in

ppm relative to the residual signal of the deuterated solvent

(CHCY.. 7.28 ppm: HCD.OD. 3.30 ppm: THMS. €.00 ppmd . R s ~ivs



ethylphenyl)-N—nethnguanidine, N-(1-naphthyl)-N_-(3-
trifluoronet hyl phenyl)-N -net hyl guani di ne, N(- 8- counarlnyl) N -

(3-trifluorounet hyl phenyl)-N -nethyl guani di ne, N—Gmsﬁ placed
(8-trifluoromethyl phenyl)-N -ethyl guani di ne,

courmakinyl)-N -(3- trlfluoronethylphenyl -N - ethylg I I" The

I nvention also relates to N N, N -teT asubstitute guanl |nes of the
Formula (I1): )

were recorded on a Nicolet 5DXB FT-IR, or a Perkin-Elmer model
- 1420 in CHCl; or neat. IR and NMR spectra of all compounds are
consistent with their assigned structures. Elemental analyses.
were performed by Desert Analytics (Tucson, AZ), or Galbraith
5 Laboratories (Knoxville, TN).' N,N-Dimethyl-1-naphthylamine,
ethyl bromide, N-phenyl-1-naphthylamine, 3-ethylaniline, N-ethyl-
N-1-naphthylamine, BrCN, CH,I, 6-bromohexanoyl chloride, and
butyl1ithium (2.5M) were obtained from Aldrich Chemical Co., and
used as received. o-Toluidine was obtained from Aldrich and
10 freshly distilled by bulb to bulb distillation at reduced
pressure. Bromcresol green spray reagent was purchased from
Sigma Co. Dimethyl formamide and triethylamine were stirred in
CaSO,, distilled under reduced pressure, and stored over
molecular sieves. Chlorobenzene was freshly distilled from CaH,.
15 Ether and Tetrahydrofuran were refluxed over sodium and
benzophenone, and freshly distilled under N,. All other solvents
were reagent grade.

Example 1: Preparation of N-methyl-N,N’-di-(]-naphthyl)quanidine
Hydrochloride (Compound IV)

20 a. N-Methyl-N-(1-naphthyl)cyanamide. In a 2 neck round
bottom flask, equipped with a magnetic stir bar and reflux

condenser, was placed N,N-dimethyl-1-naphthylamine (4.35 g, 25.4
mmol, and BrCN (2.99 g, 28.2 mmol) in a single portion. This
suspension was placed in an oil bath (preheated, 90°C) and
25 allowed to stir and reflux under N, for 21 hours. During this

time a gas was given off, detected by bubbler placed over the
reflux condenser. The reaction was followed by TLC, using
methylene chloride as the so}vent and viewed under UV. After the
21 hours, the mixture was cooled, 100 ml of ether was added and
30 the insoluble quaternary salt (669 mg) was filtered off. The
ether filtrate was extracted with an aqueous 5M HC1 solution (4
X, 30 ml) and washed with water (5 x, 20 ml). The ether was
dried over anhydrous granular K,C0,, filtered, then concentrated
to dryness, then distilled by bulb to bulb distillation at

PO T L e X PR T T S T Y
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[err] wherein RR R, R' and R'' are independently a (Jerr]-Cferr] alkyl
group, C2-Cerr] al kenyl group, Cerr]-Cerr] alkynyl group, a cycloal kyl
group, a.cycloal kyl group substituted with one or nore substituents,
cycl oal kenyl group, cycloal kenyl group substituted with one or nore
substituents, carbocyclic aryl group, carbocyclic aryl group substituted
with one or nore substituents, alkaryrzaroup, al karyl group substituted
with one or nore substituents, aral kyl group, aral kyl group substituted
with one or nore substituents, heterocyclic group, heterocyclic group
substi tut ed vnaplhtnym)cganmiﬂe (‘Mbsg,i 48nbsp. lamcafdoﬁmyi Hg JCvessmangr a

het er oar yl ou su 1191-€
physi ol ogi ca%%wegt:cﬁg’glts é’g grer oﬁgg flil"'V\e/hng‘?](ea|3|"| es)éé.él y)‘l!}sl'?llt L(elntﬂml S
i ndependent | yig) . halogen such as chloro fluoro, bronmo, iodo, (err]-Cerr]

al kylk, derr] a y I t] dial kyl am.noal kyl

car boxy car b%‘g[é dd’) 94(3,{ ?i ?@I thgQ[ e‘zﬁaI]IyI ar gl Kk al k;ryl
Cerr§-derr] HCDIURO(eﬂDE}'A) ﬂr%/l(d H) k hep? tdedr H) G566y |1 ﬁ)yﬂ 3

het er oaryl , a%gﬁy ) sgﬂ O ffyenzene ring, a heteroaryl fused to a
benzene ri ng, err (téroc ¢loalkyl, a (err]- het er.qcycl oal kyl
ring fused to a bebzdnea 3inggk ql@ﬂrt]ﬁ@'&ﬂilsbl ggluppgg[ y3 magnelich o

ﬁmdpgx g:l[ﬁrlr] tgg‘re[?ghoﬁi:ldwﬂe?%ﬁ%on@@nﬁrerﬁs ﬁhbd'ﬂﬂsmnbi/&r Qm’,l-
Y y y naphthy'lamme tgdro“omc[lg r(I]BINal WE?? ' Ef? in ercHGr%Le”]

10 benzene (5 ml) and allowed to stir under N, for 15 minutes. A
solution of N-methyl-N-(1-naphthyl)cyanamide (141 mg, 0.774 mmol)
in dry chlorobenzene was added dropwise to the naphthylamine
hydrobromide suspension over 2.5 minutes. The reaction was then
placed in a preheated oil bath (150°C) and refluxed for 5 days.

15 The reaction was followed by TLC (2:1 EtOH-CHC11;3). The chloro-
benzene was then removed by evaporation by reduced'pressure and
heat. The resulting oil was then dissolved in EtOH (5 m1), 40 mi
of water was added and then the mixture was made basic by the
addition of 0.IN NaOH (12 m1). The solution was then extracted

20 with CHCl, (4 x 8 m1) and dried over K,C0;, and filtered. The
solvent was then removed to obtain a brown oil (322 mg). This
0il was dissolved in 1 ml CHCl, and placed on a prep TLC plate
and eluted with EtOH/CHC1, (1:1) one time. The band at Rf 0.2

_ was removed from the silica gel with EtOH and concentrated to

25 dryness (87.2'mg). This was then dissolved in EtOH (2 ml),
placed in an ice bath, and to it was added 5 N HC1 (1 ml1). The
resultant soluble salt was concentrated to dryness to afford a
purple oil. This purple 0il was dissolved in EtOH (1 ml) and
placed in an ether diffusion chamber for 5 days to obtain dense

30 tan crystals. These were collected and taken back up on EtOH (1

ml) and decolorized with activating charcoal (20 mg) and filtered

of f through a bed of Celite filter aid (0.5 cm) to obtain a clear

filtrate which was immediately placed in an ether diffusion
chamber. After one day the resultant mounds of white crystals
were collected and dried thoroughly to afford N-methyl-N.N’-di-

[¥8]
[B4]
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N, N-di al kyl carbanmoyl, nitro, azido or a Cferr]-Clerr] dialkylsulfanmoyl; and
wherein said conpound exhi,bits high binding to the PCP receptor. Wth
reference to Formula (11), preferable NN, N ,N - tetrasubstituted '

guani dines are wherein R and R' are indepen- dently a cycloal kyl group, a
cycl oal kyl group substituted with one or nore substituents, a cycl oal kenyl
group, cycl oal kenyl group substituted vag-h one or nore substituents,
carbocyclic aryl group, carbocyclic aryl group substituted with one or nore
substituents, al karyl group, alkaryl group substituted with one

or ﬁ;,r?Lﬁbiﬁfﬁﬁﬁiﬂﬂg@@éﬁwS&‘;up SR T, S5 i £ LD one

IR (KBr) 3075, 2925, 1656, 1619, 1594, 1306, 1394cm’
H NMR (CD,0D) 8.1-7.5 (m, 14), 3.69 (s, 3).

5 3¢ NMR (CD,OD) CN,, 158.6; Ar, 138.1, 136.8, 136.2, 132.0, 131.5,
130.7, 130.3, 129.7, 129.3, 128.4, 128.3, 128.0, 127.5, 127.5,
127.6, 126.8, 122.9, 122.4; CH,, 40.81.
Anal. Calecd. for C,H,gN;HC1: C, 73.02; H, 5.57; N, 11.61.

- Found: C, 73.15; H, 5.49; N, 11.74.

10 Example 2: Preparation of N,N’-di-(m- ethzlghenyT)-N -methyl-
guanidine (Compound V)

a. N-(m-Ethylphenyl)-N-methylcyanamide: A solution of m-
ethylphenylcyanamide (1.46 g, 10 mmol) and sodium hydride (480

mg, 20 mmol, pre-washed thrice with hexane) in anhydrous THF (10
15 ml) was heated at 80-85°C for 2.5 hours. After it was allowed to
cool to room temperature, methyl iodide (3.5 g, 25 mmol) was
added and stirring continued at room temperature for 2 hours.
Methanol (10 ml1) followed by water (20 ml) was added and the
reaction mixture was extracted with dichloromethane (3 x 25 ml).
20 Concentration of the organic layer followed by flash chromatog-
raphy on Si0, afforded N-(m-ethylphenyl)-N-methylcyanamide (960
mg, 60%) as a colorless liquid: IR (film): 2220, 3400cm™.
b. A mixture of N-(m-ethylphenyl)-N-methylcyanamide (640
mg, 4 mmol) and m-ethylaniline hydrochloride (630 mg, 4 mmol) was
25 placed in a pre-heated oil bath at 160°C for 2.5 hours and then
allowed to cool to room temperature. The resulting solid was
taken up in dichloromethane and washed with 10% NaOH solution.
The organic layer concentrated and the residue was flash chroma-
tographed on Si0, to give N,N’-di-(m-ethylphenyl)-N-methyl-
30 guanidine (630 mg, 56%) as a colorless liquid:
IR (CHC1,): 1630, 3400, 3500cm™.
'H NMR (CDC1,): &1.21 - 1.29 (m, 6 H), 2.58 - 2.72 (m, 4 H), 3.40
(s, 3 H), 6.79 - 7.33 (m, 8 H)
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group substituted with one or nore substituents, heteroaryl group,.or a

het efoaryl group substituted with one or nore substituents; and R and R
are independently a CJerr]-Cerr] alkyl group, C2- C['ﬁusr eeaH#seﬂv R lacﬂdp,
C2-C err]- al kynyl group, an al karyl group, a. substlt

cycl oal karyl, or substituted cycl oal karyl group. eferred
guani di nes having Forrmula (l11) are th “wherein R and are |n ependently
carbocyclic aryl groups, substituted cycl oal kyl groups, cycloal kenyl

groups, cycloal kenyl groups substituted with one or nore substituents,
carbocyclic apydl.gCeL fob W LN 4t €4 76283306y C8 24 ;al y 114g0d L Foundd I€3r y|

groups, substz 3%€d araIEyI ? het erocycl i c groups, substituted
heterocycllc 3 ; LéQroups or substituted heteroaryl groups;

and R and R'"" are (err]- C[err] aIkyI groups Parti cul ar preferred
| i

Yo-

Q,N,E P -tetrgsybjtliut: 2 |I My -{0-150
i et Yy N N - *h i TC, Tl O v~ Q-
1o nanht hyl) guant di ne. 'Hl‘l'?ﬂﬂlmﬁﬂbﬁ)lﬂf .mamm:lmmﬂi

T2 ) g e ) e,
N, N - di et hyl - m.ra g: 9. pirame] ) ywag dissoil ves, mgtrhsﬁem pl) guﬁrﬁ)ﬁs ﬁ@ge
m N - di et hyl - RaguRagbd Y ¥he ML) il -wids r3aBEd Nabopwi S8iagy difford a white
N -diethyl- glr_'éclwq% tqet herRe preémi%a{ngs co)illected and dried (13.0 g).
The precipitate (2.23 g, 13.6 mmol) was dissolved in ethanol (6
10 ml), activated charcoal (500 mg) was added, and the mixture was
filtered through celite filter aid. The resultant clear filtrate
was placed in a centrifuge tube and ether (28 ml) was added
slowly to give white needles (1.06 g, 6.16 mmol). mp 183-184°C.
'H-NMR (CD,0D) 1.30 (d. 6), 3.10 (sept, 1), 7.32 (m, 2), 7.43-7.54
15 (m, 2) -
b. N-Methyl-N-{1-naphthy1)-N’-(o-isopropylphenyll)quanidine.
In a 5 m1 round bottom flask was N-methyl-N-naphthylamine (227
mg, 1.25 mmol) and o-isopropylaniline hydrochloride (236 mg. 1.37
mmol) and a stir bar. This yellowish mixture was heated and

20 flushed with N, for 2.5 hrs. The resultant tan glassy oil was
cooled, dissoclved in methanol (2 m1) and a small fraction was
removed and spotted on a TLC plate which was eluted with
CHCY,:EtOH (2:1). The TLC showed a spot with Rf 0.0-0.1 that
gave a blue spot when sprayed with bromcresol green spray reagent

25 (obtained and used as received from Aldrich Chemical Co.), and
faint spots of the starting materials with Rf’s 0.6-0.7. The
remaining tan solution was added to water (20 ml), then 0.1 N
NaOH (10 ml1) was added to this solution in a single portion to
create the free base. The milky solution was then extracted with

30 CH,C1, {4x, 10 ml), dried over K,0,, filtered, and concentrated
to dryness to give a brown oil (375 mg). This brown oil was
absorbed onto silica gel (100 mg) and placed on top of an 18 g
pre-eluted CH,C1, silica gel column. The column was eluted with
CH,C1. (50 mi). CH,C1,:EtOH (25:1. 50 ml1), CH,C1.:EtOH (10:1. 50

iL n1j,  ihen CH,CH.:TLO0H (1::. 5C 7). TLOs {eluted with



guanydlne, N, N -di et hyl - N- (m et hyl phenyl )-N - (n}ethylphenyl)- guanldlne
N, N -di i sopropyl -N, N -di - (“m et hyl phenyl ) guani di ne,

N, N -di i sopropyl - N-(m et hyl phenyl )-N - (4- |ndahyr)guan|d|ne

dri sopropyl - N- (m et hyl phenyl ) - N - (4-i ndenyl ) g4gRbkbetitn BamRﬂ””“N,N'-

di i sopropyl - N-(m et hyl phenyl)-N - (o-i odophenyl) vWW'-
di i sopropyl - N-(m et hyl phenyl )-N - (o0-i sogFopyl phgm\ ,
N, N -di i sopropyl - N- (m et hyl phenyl )-N - (1-naphth uani di ne

N, N -di i sopropyl - N—(n}ethylphenyl)-N'-(n}nethylphenyl)guanidine,

N, N - di net hyl ¢cNCT:£60H,( T: B} el@hakeh ) afu @acidifradt #dn- dndrefiragt idis with

(i ety peny ki fab A Yok Gmtnal and. coneielidl 51 Wbl o
et hyl phenyl ) - Hffoim aopuplenyil) ¢3381img) ne This was, thenddissdiyed I\it( ether
(10 m1) and the insoluble purple precipitate was discarded. The
B soluble solution was placed in a centrifuge tube and ether
saturated with HC1 gas was added dropwise to produce a sticky
purple solid as the hydrochloride salt (306 mg). The sticky
solid was concentrated to dryness then dissolved into EtOH (1 ml)
and placed in an ether vapor diffusion chamber for 2 days to
10 afford l1ight pink prisms. The prisms were collected and dried,
dissolved back into EtOH (Iml) then filtered through celite
filter aid after the adqition of activated charcoal (40 mg). The
filtrate was then placed in an erlenmeyer flask and placed into
an ether vapor diffusion chamber to afford after 1 day 1ight pink

15 prisms (205 mg, 46%), m.p. 231-232°C.
'H NMR (ambient, CD,0D) 1.03-1.24 (broad d, 6), 3.61 (s, 3), 7.21-
7.47 (broad m, 4), 7.65-8.08 (m, 7). '*C-NMR (CD,0D), CN, 157.8;
Ar, 146.7, 138.2, 130.1, 129.5, 128.8, 128.6, 127.7, 127.0,
126.9, 126.3, 126.0, 124.9, 120.9; CH; 39.1; (CH,),CH, 62.7, 27.9,
20 22.3. IR(KBr), 3062, 2969, 2869, 2750, 2363, 1975, 1662, 1619,
1550, 1444, 1406, 1206, 1088 cm'. Mass spec. m/e calcd. for

C,HaaN, 317.1892, found, 317.1890.

Example 4: Preparation of N-(1-naphthyl)-N’-(m-ethylphenyl)-N’-
methylguanidine hydrochloride (Compound VII)

25 A mixture of m-ethylphenyl-N-methylcyanamide (520 mg, 3.25
mmo1) and l-aminonaphthalene hydrochloride (508 mg, 3.25 mmol)
was placed in a pre-heated oil bath at 160°C for 3 hours and then
allowed to cool to room temperature. The resulting solid was
taken into dichloromethane and washed with 10% NaOH solution.

30 The organic layer was concentrated and the resulting residue was
dissolved in abs. EtOH (2 m1) and treated with dil. HC1. It was
concentrated and the solid was twice recrystallized from abs.
EtOH-Et,0 to give N-(I-naphthyl)-N’-(m-ethylphenyl)-N’-methyl-
guanidine hydrochleride (403 mg, 37%) as off-white needles.

. - .
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14 et hyl phenyl)-N -(o- i sopropyl phenyl ) guani di ne, N, N -dinethyl-N-(m

et hyl phenyl ) - N - (I - napht hyl ) guani di ne, N, N - dlnethyl N-(m

et hyl phenyl ) - N - (m net hyl phenyl ) guani di ne, N et hyl-—N==-isopropyl—="-

N, N - di - (m et hyl phenyl ) guani di ne, N-ethyl-N (methylphenyl)-N - )
(4-indanyl)-N -isopropyl guani di ne, N-et hyl - N- (m et hyl s Nwhwd
(4-indenyl)-N -isopropyl guani di ne, N- et hg9- N- (m et hyl ﬂ l"
(o-iodophenyl)-N -isopropyl guani di ne, N-et hyl - N- (m et

N - (o-isopropyl phenyl)-N -isopropylguanidine N-ethyl -N-(m

et hyl phenyl) apht propylguanldlne N-et hyl -N-(m

et hyl < phenyl)uﬁ ('"ﬁﬁg IBFé% -|soprop | guani dine, N-ethyl-

N- (4-i ndanyl ) "Hr N GB:}QPKphﬂnﬁ (%, -3 dbpdop Quﬁﬂl,dﬂnﬂa\ﬂﬁt R/H, J =

N (4-i-ndenyl) e phenyl y N aPROFY | gy ne, N—ethyl T
I\I-(o-T'odophen;lll\? w ?r*rhgegtsh%3 )é !/ 7. 8; Wo(g' g ﬁ?n di ne,

et hyl - N- (0-i sépabpyia éﬁ@rﬁﬂ") Cfe"’n!‘iﬁ at hGd ﬂﬁegllil }a’ ~33§oMf dﬁyﬁ@ufoam-dl ne,

N- et hgl - N- (| L h N | o
N-gt h;él Nﬁmmgtﬂ““ )“yﬁgﬁ‘ﬂt y2.qgeny!) - i sopropyl guani di ne,

et hyl phenyl )-N -|sopropylguan|d|ne N, N -diisopropyl -N,N -di-(m

Cndany!) guan] SAAmIs B¢, Pobhrdll (et bbb -
i ndenyl ) guani di ne, N N -di | sopropyl - yl phenyl )-N - (o-
i odophenyl ) guani di e, NpNEthyliphowyleyahanidé m etfnyhpmmph) -of -dyanogen
bromide (3.31 g, 31.26 mmol) in Et,0 (25 m1) was added slowly to
10 a stirred solution of m-ethylaniline (6.06 g, 50 mmol) in Et,0
(50 m1) and continued stirring at room temperature for 6 hours.
A white precipitate of m-ethylaniline hydrobromide (4.46 g)'was
filtered off, and the filtrate was washed with H,0 (2 x 20 ml).
Evaporation of ether layer afforded the title compound (3.85 g,
15 96.5%) as a thick liquid.
IR (film): 2225 cm’. _
b. N-(m-Ethylphenyl)-N-ethylcyanamide: A suspension of
m-ethylphenylcyanamide (2.26 g, 15.45 mmol) and sodium hydride
(820 mg, 34.2 mmol, pre-washed thrice with hexane) in anhydrous
20 THF (20 ml) was heated at 80-85°C for 2.5 hours. After it was
allowed to cool to room temperature ethyl bromide (4.66 g, 42.76
mmol) was added and continued stirring at room temperature for 6
hours. Methanol (20 m1) followed by water (40 ml1) were added and
then extracted with dichloromethane (3 x 25 m1). Concentration

Ei?

25 of the organic layer followed by quick flash chromatography
afforded the title compound (2.36 mg, 88%) as a light yellow
liquid:

IR (film): 2220 cm’.
c. N-(1-naphthyl)-N'-(m-ethylphenyl)-N’-ethylquanidine
30 A mixture of N-(m-ethy]phenyl)-N-ethylcyanamide (500 mg, 2.86
mmol) and 1l-aminonaphthalene hydrochloride (520 mg, 2.86 mmol)
was heated in a pre-heated oil bath at 160°C for 2 hours and then
allowed to cool to room temperature. The resulting solid was
itaken in dichloromethane and washed with 10% NaOH solution. Ths

25 erganie laysr won conconlrsted and the vesulting residus was



i sopropyl phenyl ) guani di ne, NN -diisopropyl-N-(methyl phenyl)-N -
(I-naphthyl)guanidineN,N'Jdiisopropyl-N—(n}ethyIphenyl)'ﬁr Ty —
met hyl phenyl ) guani di ne, NN -diisopropyl -N-(4-indan
et’hyl phenyl ) guani di ne, .N, N -diisopropyl-N(4-i ndyeﬁr}g et eenRePlaced
. et hyl phenyl ) guani di ne, N, N - d||sopropyI% N-(o- |odophe

et hyl phenyl ) guani dine, N, N -dii sopropy °$+(o I sopyl p

(m et hyl phenyl ) guani dine, N, N -diisopropyl-N-(I- naphthyl) N -(m

et hyl - phenyl ) guani di ne, N, N -diisopropyl-N (m nethyl phenyl)-N -

(m-et hyl phenylf)gslanhrhmépgranhaétohyﬂlmugeliito(gnvetwllphmh)thylNN-’ (m-

' I n - s
 Sopr opy/| SﬂZRFS‘“E“é’" P TRN IS TOReERLINC RE10 g, ) 35 TRATINE Bpwn
|sopropylguan| ﬂﬁﬁd N—nethyl N—(n}ethylphenyl) N - (o i odophenyl ) -
- I et hyl phenyl N -
sopr opy |- Bhem T O e O ot il M
B
et hyl ﬁhenyl ) - h%l}% vl Pyqu E(Bpr-’oﬂyl 'bd‘a.r?l-glmt N t(ﬁyl?! te J =

7.0 Hz), 2.70 (q, 2 H, J = 7.6 Hz), 4.08 {q, 2 H, J = 7.0 Hz),
7.52 - 7.05 {(m, 9 H), 7.82 (dd, 1 H, J = 6.66 and 3,21 Hz), 8.2
(t, 1 H, J=25.96 Hz)

_ Example 6: Preparation of N.N’-Di-(1-naphthyl)-N-ethyl-quanidine
10 Hydrochloride (Compound IX)

a. Preparation of N-ethyl-N-(1-naphthyl)cyanamide. A
mixture of cyanogen bromide (3.32 g, 31.3 mmol) and N,N-diethyl-
1-naphthylamine (5 g, 25 mmol) was heated at 100° C for 4 hours
under nitrogen. It was then allowed to cool to room temperature,

15 ether was added, and the insoluble N,N-diethy]-lénaphthy1amine
hydrobromide was filtered off. The ether layer was washed with
15% aqueous HC1 solution (2 x 50 ml), water (2 x 50 ml), and
dried over MgS0O,. It was filtered, concentrated and the residue
was flash chromatographed on silica gel to give N-ethyl-N-(1-
20 naphthyl)-cyanamide (2.34 g, 48%) as a yellow thick liquid.

b. Preparation of N.N’-Di-(1-naphthyl)-N-ethyl-guanidine
Hydrochloride A mixture of l-naphthylamine hydrochloride (520
mg, 2.9 mmol) and N-ethyl-N-(1-naphthyl) cyanamide (570 mg, 2.9
mmol) was heated under nitrogen at 180°C for 3 hours. It was

25 allowed to cool to room temperature to give a transparent light
brown solid. It was dissolved in dichloromethane (35 ml) and
washed with 10% aqueous NaOH solution (10 ml1) and then dried over
NasS0,. It was filtered, concentrated, and the residue was flash

chromatographed on silica gel to give a colorless thick liquid.
30 It was treated with 0.5 M methanol-HC1 solution at room tempera-

ture for 4 hours and then concentrated to give a bright white

solid (230 mg, 22.5%)

IR (CHC1,): 1650, 3400 cm’.

NMR (CDC1,): & 1.21 (t. 3 H, J =7.5 Hz). 3.68 (q. 2 H. J =

Hry. T.22-7.87 el i M)



15 (n}ethylphenyl) N - (m et hyl phenyl)-N -|sopropylguanLdJner_m__hLﬂ___
met hyl - N- (4-i ndanyl )-N - (m et hyl phenyl ) - N - i sopropyl guani di ne,
nethyl N ¢4-1indenyl)-N -(methyl phenyl) - -|sopropylgmmﬂﬂdﬂ B&nRe

N- (0-i odophenyl )-N -(m ethyl phenyl)-N -|sopropylguan
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N- et hyl - N- (I - napht hyl ) - N - (m et hyl phen - i sopropyl guanl |ne
N- net hyl - N- (m et hyl phenyl )-N -(m et hyl phenyl )-N -i sopropyl guani di ne,
N-ethyl -NN -di - (m ethyl-henyl)-N nethylouanldlne
N- et hyl - N- ( m dxamplendny|Brepar vy
N-(ethyl)-N(methyl pherBg ,
N- et hyl - N- (m et hyl phenyl ] .
i odophenyl ) - N - met B guatrtae! gride; ) -fa §015 ml
i sopropyl phenyloundV bdttbrhmgwrwail ﬁ'hceﬂl-m;ihhhyl\l-léﬁiﬁithyi amay ).41 g,

N - CrnaPid 1 el mdi) s Rk 2156 e aﬁ%%mﬁ%%gxrﬁggnéf‘%d"ﬁﬁ a

(m et hyl phenyll)ight mep'rg/logijafiitﬂl prethruding\whiltie (eryisbakliye)mdundg m This

e vy o T

N - (m et hyl ph&agh) - mppwhrspmhen wag- added ethe(n ( ‘épﬂt)hya urpted
with HC1 gas to afford a light purp]e solid which was collected
10 and dried. The purple solid was then dissolved in MeOH (20 ml)

with heat and allowed to sit undisturbed to form light pink

leaflets of the HC1 salt (963 mg, 3.77 mmol, 60%) m.p. 164-167°C.

b.  N-Methyl-N’-phenyl-N.,N’-di-(1-naphthyl)quanidine
Hydrochlioride In a 5§ ml round bottom flask was placed N-methyl-

15 N-(1-naphthyl)cyanamide (447 mg, 2.45 mmol; Cressman, H.¥W.J.,
Org. Snyth., Coll., Vol. III, 608 (1955)), N-phenyinaphthylamine
hydrochloride (668 mg, 2.61 mmol) and a stir bar. The flask was

evacuated via aspirator and flushed with N,. The reaction vessel

was then placed in a pre-heated 150°C oil bath and allowed to

20 stir under N, for 3 h. After 5 min a tan melt resulted which
darkened to a brown color after 15 min. The brown melt was then

cooled to room temperature and dissolved in MeOH (5 ml). The

brown solution was then poured into a separatory funnel
containing 0.1 N NaOH (30 ml) to give a milky tan oil which was

25 extracted with CH,C1,. The fractions were combined and concen-
trated to dryness to afford a brown oil (990 mg). The brown oil

was dissolved in ether (20 ml) and resulting precipitate was

filtered off and discarded. The brown ether solution was

extracted with 1 N HC1 solution (5 x 10 m1) and all extracts were

30 combined. The tan solution was then made basic by the addition
of NaOH pellets to pH 12 and extracted with CH,C1, (4 x 10 m1) to

afford a purple oil (439 mg) upon concentration to dryness. The

purple o0il was deposited onto silica gel (500 mg) and placed on

top of a silica gel column (20 g, 3 cm diameter). The column was

35 eluted with 50 ml of increasing amounts of CH,C1, in hexane

foliowad by increasing amounts of €101 in CH.CT1.. TiCs were then
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azi dophenyl ) - baken. af neachy Fastipni and, khese whigh praducedhahyV jabgorbent

(3-et.hyl phenytgotNol R 00BL01Y | e &1 Etéd WithneH,C1,: ELOH N—dﬂnind%dﬂhe
napht hyl ) - N - (3- et hyl phenyl ) - N, N - dj met hyl gquani di ne, él- .
naphthyl ) - N - €olor] Whe. sp | M\E’hyb‘:%,q{gs i BEeRN | SREAY; deagenty were
(1 -napht hyl') - domblidedant Yddnaentratedtd drimess iyl hford di greayish i1 8¢150

coursgs )Nl TRV DS S HEH Bhe e bk
napht hyl ) - N - éthexzifdbirtateywas Nobfledliin layl yeerbatih nand ether, sdtgsated
coumar i nyl ) - Wﬂ.(hSHE‘i tJagPrWa@yLadew’ N‘dpqligé I'%Imn; qiiBﬁt greeﬁ" it (49.5
mg) upon drying. The oil was dissolved in EtOH (0.5 ml) and

placed in an ether vépor chamber for 2 days to afford N-methyl-

10 N’ -phenyl-N,N’-di-{1-naphthyl)guanidine hydrochloride as crystal-

line starlets (30.3 mg, 0.070 mmol, 3%) m.p. 270-272°C. TH-NMR

(cD,0D) 3.60 (s, 3), 6.80-7.64 (broad m, 19). IR (KBr) 3520,

3438, 3045, 2934, 1674, 1598, 1568, 1486, 1416, 1393, 1275, 1117,

1076, and 1018 cm'. Mass spec. m/e calcd. for C,gH 3N, 401.1892,

15 found 401.1880.

Example 8: Pregarat'ion of N-Methyl-N’-ethyl-N.N’-di-(1-
naphthyl)guanidine hydrochloride (Compound XI)

a. N-Ethyl-1-naphthylamine Hydrochloride: In a 50 ml

centrifuge tube was placed N-ethyl-1-naphthylamine (1.57 g, 9.16

20 mmol) dissolved in ether (20 ml). To this solution was added

‘ether, saturated with HC1 gas, to afford a light pink preci-

pitate. The precipitate was collected and dried. The preci-

pitate was then dissolved in MeOH (50 ml), decolorized with

activated charcoal (150 mg) and filtered through a bed of Celite

25 filter aid to afford a light tan solution. The excess MeOH was

evaporated leaving an o0il which formed white needles upon

standing. Ether was added to the mixture (12 ml) and the

suspension was allowed to stand for 20 h. The resulting 1ight

pink needles were collected and dried (1.48 g, 7.12 mmol, 78%).

30 m.p. 218-220°C. 'H-NMR (CD,0D) 1.44 (t, 3), 3.36 (g, 2), 7.59-
8.08 (m, 7).

- b. N-Methyl-N’-ethyl-N.N’-di-{1-naphthyl)quanidine

hydrochloride In a 5 ml round-bottom flask was placed N-methyl-

N-(1-naphthyl)cyanamide (594 mg, 3.25 mmo1)’, N-ethyl-1-naphthyl-

55 amine hydrochleride (878 mg, 3.25 rant. .01 eq) st 2 stiv one




16 coyumarinyl)-N -(3-azidophenyl)-N, N -di ethyl guani di ne, N-(7- fluoro- 1
-naphthyl ) -N - (3-ethyl?phenyl ) -N, N - diethyl phenylguanidine,
N-(4-fluoro-1-naphthyl)-N -(3- ethylphenyl)-N, N -diethyl guani di ne,

N-(1- napht hyl )-N - (4-fluoro- 3-ethyl phenyl - N, N T8 &k iReplaced

N- (I - napht hyl )-N - (3- nethylphenyl)-N,N‘-diethngH |

N- (8- coumari nyl)-N-( 3- nethylphenyl)-ht%@idiethyl i Typi cal
al kyl groups are, for exanple, nmethyl, -ethyl, propyl, isopropyl, butyl,
i sobutyl, tert-butyl, anyl, hexyl, heptyl and octyl. Typi ca

cyel oal kyl gr dhesflaskew®d evaclatedivibaraspivator thep. flushetd opitbpyi., The

rorbormyl | s%é%#ﬁ‘&ﬁf%ﬁﬁ%%%ﬁﬁ@%éﬁt%}?hé%??‘? 1800 SRR T o

2- cycl-ohexyl ed@yminagben gradualdy aseshday175°6ka form a yeTlow melt.
cycloal kenyl  ghpuRashaMowed &8 starCidaP™N2FH¥ 8. R After the indicated
5 time, the reaction mixture had turned brown in color. The brown
' melt was allowed to come to room temperature and then it was
dissolved in MeOH (4 ml1). This brown solution was placed in a
separatory funnel with 0.1 N NaOH (30 ml) and extracted with
CH,C1, (4 x 10 m1). The fractions were combined and concentrated
10 to dryness to afford a tan oil (1.19 g). The tan o0il was
deposited onto silica gel and placed on top of a silica gel
cofumn (20 g, 3 cm diameter) and eluted with increasing amounts
of CH,Cl1, in hexane followed by CH,Cl,, CH,Cl,:EtOH (50:1),
CH,C1,:EtOH (4:1) and EtOH. TLCs were taken and those fractions
15 with a UV absorbent spot at Rf 0.0-0.15 when eluted with
CH,C1,:EtOH (8:1) and a blue color when sprayed with bromcresol
green spray reagent, were combined and concentrated to dryness to
afford a tan oil (499 mg). The tan oil was dissolved in ether
(10 m1) and filtered. To the filtrate was added ether saturated
20 with HC1 gas to afford a tan 0il. This 0il was then dissolved in
EtOH (1 ml1) and placed into an ether vapor diffusion chamber for
two days to afford a tan foam when dried (439 mg). A portion of
the tan foam (121 mg) was converted back to the free base by
addition of 0.1 N NaOH and extraction with CH,Cl, (4 x 8 ml1). The
25 free base, a tan o0il, was dissolved in ether (20 ml) then
extracted with 1 N HC1 solution (4 x 8 m1). The combined yellow
aqueous extract was then made basic by addition of NaOH pellets
to pH 12 and extracted with CH,C1, (4 x 8 m1) to give a tan glassy
0il (108 mg). The tan oil was dissolved in ether (4 ml) and
30 cooled in an ice bath. Ether (25 ml) saturated with HCI gas was
added dropwise to afford a tan foam (95.2 mg) after evaporation
of the solvent. The tan foam was disselved in EtOH (2 ml) and
placed in an ether vapor diffusion chamber for 4 days to afford
a tan o0il which gave a tan foam (68.0 mg) upon drying. TLC
3% revealed a single spot at Rf 0.02-0.10 when eluted with
]

H.C1.: DO

- -

(5:1}. The tar Toam was then disselved ir THOY {GLR



i ncl ude cyclopentenyl, cycl ohexenyl, cycl oheptenyl., _and cycl o- octenyl

gr oups. Typi cal carbocyclic aryl groups include phenyl, TI-naphthyl,
2-napht hyd , bi phenyl, phenanthryl, and anthracyl grou eetHasBeenliQ{Qéeﬁm
alFkaryl or aral kyl groups, e.g., of up to 18 carbon qgtain 1-3
separate or fused aromatic rings, e.g., phenyl, benz

al kyl phenyl, nitrophenyl, azidophenyl, -3phthyl, 1- an - *hyl, 1-,

2-, or 3-phenyl-propyl; o-, m, or p-tolyl, mni-dinmethyl-phenyl, o-
or p-ethyl phenyl, mm -diethyl-phenyl, mnethyl-nm -ethyl-phenyl,

0-Pr opy! phenyly ) olith fekafi(2Pu1 PYRRYAdded. ~AFLBEPL Gly NEDET aPshi gitar omatic
rings including counarlng ;. pyri .. .pyrazinyl, —p r|n1€ |, fH[yI,
pyrrolyl, thifermed. t Tpakbis/was B@Oﬁﬂ@"e i(h}’/d&.‘z)ol | pro "ﬁ‘t?olayl",‘ €
glelnfllof Urzagﬁ{ eﬁ@?\i&ﬁﬂmﬁdt?badﬁld Mb%ln standin@rydlti c20°CaFée 3ydayy aufew whiteude
o 2- ., 2zpenten an - hexen roups. yDI kynyl
ar oups 1 nol uaETEATI ViR s s pipds 1OERR.o THRSS SRyptal s EbTieead VT
] and dried (8.10 mg, 0.02] mmol). m.p. 135-137°C. 'H-NMR (CD,0D)
1.18 (broad t, 3), 3.45 (s, 3), 3.89 (broad q, 2). 6.67-7.67
(broad m, 14). *°C-NMR (CDC1,, free base) CN; 163.7; Ar, 143.0,
141.0, 134.4, 131.0, 130.0, 127.8, 127.7, 125.9, 125.8, 125.6,
125.5, 125.4, 125.3, 125.1, 124.89, 124.8, 123.7, 122.6, 122.4,
10 86.6; CHy, 40.4; CH,CHy, 47.3, 13.3. IR (KBr, HCl1 salt) 3037,
2913, 2463, 2363, 2338, 1656, 1556, 1525, 1506, 1394, 1263, 1100,
1075, 1050, 1019 cm'. Mass Spec (HC1 salt) m/e calcd. for

C,qH,oN;, 353.1892, found 353.1889.

) m )

Example 9: Preparation of N-Methyl-N’-(m-ethylphenyl)-N-(1-
15 naphthyl)quanidine hydrochloride (Compound XII}

a. 3-Fthylaniline Hydrochloride. In a 50 ml1 centrifuge
tube was place 3-ethylaniline (1.34 g, 11.1 mmol) dissolved in
ether (20m1). To this solution was added ether (25 ml),
saturated with HCL, to give a white precipitate which was
20 collected and dried. The white powder was dissolved in EtOH (2
ml) and crystallized by dropwise addition of ether (15 ml) to
give white leaflets (1.21 g, 7.64 mmol, 69%), m.p. 159-160°C.
b. N-Methyl-N’-(m-ethylphenyl)-N-(1-naphthyl)quanidine
hydrochloride In a 5 ml round-bottom flask was placed N-(1-
25 naphthyl)-N-methylcyanamide (491 mg, 2.70 mmol; Cressman, H.W.J.,
Org. Snyth., Coll., Vol. III, 608 (1955)), 3-ethylaniline
hydrochloride (383 mg, 2.43 mmol, 0.9 eq, m.p. 159-160°C) and a
stir bar. The flask was evacuated via aspirator and flushed with
N,. The reaction vessel was immediately piaced in a pre-heated
30 150°C 0il bath and allowed to stir under N, for 4 h. After 2 min
the reaction became a light yellow melt. After the 4 h, the
yellow melt was allowed to come to room temperature and then it

was dissolved in MeOH (2 ml). This yellow solution was then
added to a separatory funnel with 0.1 N NaOH (40 ml) which was

35 svirscted with CH,CH, (4%, 8 ml;. Tne fractions were ~ombinca and



17 ~Typi cal aroyl groups I ncl ude carbonyl substrtuted by the
aboveé-listed aryl groups.: Typi cal aral koxy groups TnetudeT T
Clerr]-Cferr] al koxy groups substituted by the ab qugm/ebld&r,oups
Typi cal heterocycl oal kyl groups include tetrahydro
tetrahydropyranyl, piperidinyl, norpholino and roups.
Di substituted guanrdrnes are the subj ecys.of U. S. Pa , 094,

i ncorporated herein by reference, the preferred of mhrch ar e descrrbed
therein by the Formula (I11):

concentrated to dryness to afford a dark tan oil (824 mg). The
dark tan oil was dissolved in ether and filtered. The filtrate
was placed in a separatory funnel and extracted with a 1 N HC1
solution (4 x, 8 ml). The aqueous layer was then made basic by
5 addition of NaOH pellets to pH 12, then extracted with CHJCI,.
The extract was concentrated to dryness to afford a tan oil (725
mg). The tan oil was deposited onto silica gel (600 mg) and
placed on top of a silica gel column (32 g, 3 cm diameter). The
column was eluted with increasing amounts of CH,Cl, in hexane
10 followed by CH,C1,, CH,C1,:EtOH (50:1) and EtOH. TLCs were taken
of each fraction and those .fractions which produced a UV absor-
bent spot at Rf 0-0.15 when eluted with CH,C1,:EtOH (8:1) and a
blue spot when sprayed with bromcresol green spray reagent were
combined and concentrated to dryness to afford a tan oil (543
15 mg). This tan oil was dissolved in ether and filtered. The
filtrate was cooled in an ice bath and ether, saturated with HCI
gas, was added to afford a light tan foam of the HCl1 salt after
drying (470 mg). This tan foam was dissolved into EtOH (1 mi)
and placed in an ether vapor diffusion chamber for 2 days to
20 afford a tan oil. Upon drying, the tan oil formed a light tan
foam that became a light tan powder (337 mg, 1.11 mmol, 41%) m.p.
56-66°C. 'H-NMR (CD,0D) 1.23 (broad t, 3), 2.65 (broad g, 2),
3.61 (s, 3), 7.05-7.35 (broad m, 4), 7.61-7.75 (m, 4), 7.93 (d,
1), 8.03 (d, 2). ' (CDCl,, free base) CN,, 152.2; Ar, 145.3,
25 139.8, 134.6, 130.5, 129.8, 128.9, 128.4, 128.3, 127.1, 126.5,
126.0, 125.8, 123.2, 122.5, 122.2, 120.8; CH;, 38.8; CH,CH,, 26.8,
15.3. IR (KBr) 3056, 2969, 2931, 2875, 2363, 2338, 1644, 1594,
1550, 1506, 1456, 1406, 1263, 1169, 1044 cm’.

Example 10: Preparation of N.N’-di-(1-naphthyl)-N- phenylquanidine
30 hydrochloride (Compound XIIT)

N-Phenyl-1-naphthylamine hydrochloride (820 mg, 3.2 mmol)

was finely ground with 1-naphthylcyanamide (540 mg, 3.2 mmol) and
the resulting purple powder was heated under a N, atmosphere at
175°C for 2 h. The resulting stickv brown oil (911 mg. 67%) was

traated with a mixture of CIL L1 (28 @Yy and 1N NAQH 128wl an



wherein R and R err] are each independently al kyl, cycloal kyl, carbocyclic

aryl,” alkaryl or aralkyl. As a class, these com pourids are described in
this patent as exhibiting a highly selective bindig saGliNiBtes Refladedie Si gnma

briain receptor. DTG itself ‘also exhibits a strongp' i tor the
sigma *receptor (Weber, E., Sonders, M,_ §yarun1 Nl,g ou, S., &
Keana, J.F. W, Proc. Natl. Acad. Sci. Ug 83, 8786- 0ln

copendi ng application serial no. 07/237,367, it is disclosed that
addi tional- spe%hfic menbers of this class of disubstituted guanidines
exhibit a hi grSPIKeR| Wgaasenaratary; funnele Hhe aquesys olaver:was @xhrasteden

deL e[) mt nedht ha'mﬁ?“’-e‘l znau]Ed 'th? ﬁaﬁbF}'tgga ro%gsnlf;tsfi‘actﬁgﬁﬁde_@bl_éﬁtﬁﬁcltﬁé uqt?o. .
exhibit a hig ity_for e receptor, . . Surprjsi , _certain tri-
and tetra- subgt 3{ G{Cid gIngiagupQus &QB“&B@& ba%fas%twi&?faﬂg%m Ef‘ﬁdi ng to
the sigma recamisaltingheleidy &hitdafgtire wasnektrattad sbhtCH,012d gheni di ne
conpo used in, et hods of wi t.hout ef tip

oo oG phy o ERc e WS ey e Kicos, FiiEEraY, g Pranoratéfcolfindel
guani di nes cartaneglil [(824mg) Pr TRET @H, 0, t SHOWEE Aol %bt@f, R0 D¢ 0V h a
preformed al kyl or, aryl cyanam de ee Safer,, S R, et al.,, J. g. Chem
13: 924 (1948)bhe Jowerpspo oﬂﬁ&psng}ﬁﬁ'@c rrighis: iquapidiney qajor &’r‘tﬁ]aryl
cyanam de. Thibromérésed grdenod ThHe @4Viwas chromatographed O6Ve¥ silica gel
(12.7 g). Elution with CHLC1, gave the staring amine. Continued
10 elution with EtOAc gave the guanidine free base as a tan oil (533
mg). A 30 mg sample of the oil was dissolved in ether and
treated with HCl-saturated ether. Evaporation gave a yellow
precipitate (33 mg, 99%) which was taken up in EtOH and placed in
an ether diffusion chamber to give grayish needles of the

15 hydrochloride salt (31 mg, 98%), mp 194-198°C.

Example 11: Preparaton of N.N'-di-methyl1-N,N’-di-(1-
naphthyl)quanidine hydrochloride (Compound XVIII)

In a 5 ml round bottom flask was placed 546 mg (2.99 mmol)
N-methy1-l-haphthylcyanamide (Cressman, Homer, W.J., Org. Synth.,

20 collective vol. 3, 608.), 576 mg (2.89 mmol) N-methyl-1-
naphthylamine hydrochloride (von Braun, Heider, and Muller, Ber.,

51, 281 (1918)) and a stir bar. The flask was evacuated via

aspirator and flushed with N,. This was immediately placed in a
pre-heated 150°C oil bath and allowed to stir under N, for 4 h.

25 The resulting brown glass was dissolved in MeOH (2 ml) and added
to 0.1 N NaOH (30 ml1), which was extracted with CH,C1, to afford

a red oil upon drying (1.08). The o0il was treated with ether (20

wl) and the resulting precipitate was collected and discarded.

The ether filtrate was extracted with 1 N HC1 solution and the

30 combined layers were made basic by the addition of NaOH pellets
(500 mg) to pH 12 and extracted with CH,C1, to afford a red oil

upon drying (1.05 g). The oil was deposited onto siiica gel and

placed on top of a silica gel column (20 g, 3 cm diam.) and

eluted with hexane, increasing ratios of hexane:CH.C1.,. CH.Cl..

increasing ratios of CH,C1,:EtOH. and EtGii. A TLC was igken »f



18 di aryl

-N -lower (Jerr]-Jerr] alkyl guanidines in which the substituents

are not identical. For a recent synthesis of asymretrical guanidines, see
GJ. Durant et al., J. Med. Chem 28:1414 (1985), and C_A. Maryanoff et

at., J. Org. Chem 51:1882 (1986),

The mest direct route to symetrical as well as %)(éaﬂdm'eemﬁyglhced

N, N, N -trisubstituted guanidines is the reaction yIaryI
with 1.2 equival ents of cyanogen brom-dé-((:ressnam‘\m Syn
3:608-609 (1955)), and then heating the resulting

i ncor por at ed-by “Téference herein.

am ne
Col | .

uted cyanani de

I n. chl orobenzene with one equival ent of an am ne hydrochlorlde (Kavanaugh,

MP. .et al.,

10

15

20

25

30

SARCrdidibn a8 AhosSFractigRéwith:anSRit 02848 02 W) d1uted t he
with CH,C1,:EtOH (8:1) and a blue color when sprayed with_

bromcresol green spray reagent were combined and concentrated to
dryness to afford a tan oil (505 mg). The oil was treated with
ether (20 m1) and the resulting precipitate was filtered off and
discarded. The ether filtrate was cooled in an ice bath and
ether (10 m1) saturated with HC1 gas was added dropwise to afford
a tan foam upon collection and drying. The tan foam was
dissolved in EtOH (1 m1) and placed in an ether vapor diffusion
chamber for 2 days to give white starlet crystals. These were
collected and dried in vacuo and recrystallized from EtOH:ether
(1:4) to afford the title guanidine salt as white elongated laths
(232 mg, 0.618 mmol, 21%). M.p. 258-260°C when sample is heated
from room temperature to a green melt. When the sample is placed
at 210°C it immediately melts to a colorless melt slowly turning
green as temperature is increased. When the sample is placed in
at 130°C and slowly increased to 137°C, it melts to a colorless
melt. When this same sample is cooled to 120°C, it resolidifies
and melts again into a green melt at 258-260°C. 'H-NMR (CD,0D)
3.48 (s, 3), 6.90-7.65 (m, 14). 'SC-NMR (CD;0D) CN;, 162.7; Ar,
139.5, 135.9, 129.7, 139.5, 128.1, 127.4, 126.4, 126.2, 122.0;
CH;, 42.63. IR (KBr) 3194, 2969, 1681, 1656, 1544, 1506, 1413,
1394, 1294, 1231, 1119, 1088, 1044, 1019, 881, 806 cm'. Mass
Spec. m/e caled. for ChoHyNs, 339.1735, found 339.1726.

Example 12: regaratwn of N-(Coumarin-8-y1)-N’-{3-ethylphenyl)-

N’ -methylquanidine Hydrochloride (Compound XIX)

In a 5 ml round bottom flask was placed N-(3-ethylphenyl)-
N-methylcyanamide (626 mg, 3.91 mmol), 8-aminocoumarin
hydrochloride (818 mg, 4.15 mmol) and a stir bar. The flask was
evacuated via aspirator and flushed with N,. The reaction vessel
was immediately placed in a pre-heated oil bath at 150°C and
allowed to stir under N, for 24 h. = After the 24 h, the brown
melt was dissolved in methanol (5 ml) and diluted with hot
distilled water {25 ml). This yellow solution was then added to

. . e gn e g PR e et e v T - 0 Y el . J A e
4 Sepayetuly Tunng: wWili, P N TH16 T R wiich weln eriratiug



sane parent partner (for a synnetrrcal conpound) or the other partner (for
an unsymmetrical conpound). The symmetrical tetrasubstituted
guani di nes can be prepared by heating the N nonoal5¥larylantne mnth 0 5

equi val ents of cyanogen brom de in ethanol or wtho E et
al., Proc. Natl. Acad. Sci. (USA) 83:8784-8788 (19
unsymmetrical guanidine is made by the_ggaction of a antne

with 1.2 equival ents of cyanogen brom de (Cressman, H. VVJ O g. Syn Col | .
3:608-609 (1955)) and then heating the resulting cyananide i n chl orobenzene

or EHHE) o 1 T Bt R RS Rbrcebhedd, st
(1988)). toldrﬁesgrﬂaosfﬁurarwldaamteﬁtoﬂt tlsov mgyenmnrt belmesmto a
pha TRCeut | Cal NP ) s "ot b 03 R 30 BEEY, SHpete o7 ©
dosage an eff eompomdanmmt edited byreolumntdtmmatsugvaph)t wver sgjildoadgele,
the' PED r aceptih Benz€nd ! THE Yrggutt G5 CHELRY with Batadhe/bfand) 40 Y '
relates to a rﬁELﬁr (Bpﬁooﬂéctcﬂﬁgtﬂtpm A1} rand thet removal Ogumirvshheaﬁfvm‘dﬁd exhi bi t
nerve cel I's. ”g?ﬁh‘” 0,8 ' (43P i, Cont B W IRSENEY th hetRERE | 21
Oml) t en methanol (5 %];uzi%ﬁrated with HC1 gas was added
dropW1se to yield a 1ight tan foam of the HC1 salt after drying
10 (600 mg). This tan foam was dissolved into ethanol (1 ml) and
placed in an ether vapor diffusion chamber for 2 days to afford
the title guanidine salt as pale yellow prisms (500 mg; 40%).
M.p. 250-252°C. IR(KBr) 3349, 3297 (-NH), 1718 (carbonyl) and
1660 (C=NH). 'H-NMR(CD,0D) & 1.23 (t, 3H, J=7.5), 2.68 (q, 2H,
15 J=7.5), 3.54 (s, 3H), 6.51 (d, 14, J=9.6), 7.23-7.66 (m, 7H, H-
aromat), 8.02 (d, 1H, J=9.6). 'C-NMR(CD,0D) €O, 160.9; CN,,
157.6; Ar, 149.9, 148.1, 145.3, 142.2, 131.5, 131.1, 129.3,
129.2, 126.9, 125.7, 124.7, 123.9, 121.3, 117.3; NCH,, 40.8; Ar-
CH,, 29.2; 'CHs, 15.3. Mass Spec. m/e caled for C,oH,gN;0,,
20 321.1477; Found, 321.1477.

Example 13: Preparation of N-(Coumarin-8-y1)-N’-ethyl-N‘-
naphthylquanidine hydrochloride (Compound XX)

In a 5 ml round bottom flask was placed N-ethyl-N-1-
naphthylcyanamide (766 mg, 3.91 mmol), 8-aminocoumarin

25 hydrochloride (818 mg, 4.15 mmol; Clayton, J., Chem.Soc. 97: 1350
(1910}) and a stir bar. The flask was evacuated via aspirator

and flushed with N,. This was immediately placed in a preheated

160°C oil bath where it was allowed to stir under N, for 9 h.

The resulting greenish brown melt was dissolved in methanol (5

30 ml) and diluted with hot distilled water (20 m1). This solution
was basified with 0.1 N NaOH (10m1) and extracted with CHCl,

(4x15 ml) to yield a yellowish brown oil upon drying (910 mg).

A TLC of this oil showed a mixture of reactants and product.

Reactants were eluted by column chromatography with benzene. The

procuu was  eluted with benzene/elnanel &:1 (TLC R.-0.43,
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dissolved in methanol (5 ml), then methanol (5 ml) saturated with_
HC1 gas was added drop wise to yield a 1ight tan foam of the HCl
salt after drying. This tan foam was dissolved into ethanol (1
ml) and placed in an ether diffusion chamber for 5 days to afford
white prisms, 0.28 g (29%), m.p. 193-194°C. IR (KBr) 3343, 3303
(-NH), 1712 (carbonyl), 1653 (-C=NH). 'H-NMR (CD,0D) & 1.12 (t,
3H, J=7.2), 3.55 (q, 2H, J=7.2), 6.47 (d, 1H, J=9.3), 7.30-8.12
(m, 11H, H-aromat and one olefinic). '*C-NMR (CD,0D) CO, 161.4;
CN;, 157.6; Ar, 145.7, 136.6, 136.1, 132.5, 131.7, 131.5, 131.16,
130.12, 130.0, 129.5, 129.4, 129.4, 127.3, 126.2, 124.1, 123.2,
121.9, 117.8; CH,, 58.4; CH;, 18.5. Mass Spec. m/e calcd for
C,,HigN;0,, 357.1477; Found, 357.1453.

Example 14: Preparation of N-(3-Ethylphenyl)-N.N’-dimethyl-N’-(1-
naphthyl)quanidine (Compound XXI) .

In a 5 ml round bottom flask was placed N-(3-ethylphenyl)-
N-methylcyanamide (340 mg, 2.18 mmol), N-methyl-1-naphthylamine
hydrochloride (440 mg, 2.28 mmol) and a stir bar. The flask was
evacuated via aspirator and flushed with N,. This was
immediately placed in a preheated 160°C oil bath and allowed to
stir under N, for 14 h. The resultant brown glass was dissolved
in methanol (5 m1) and diluted with hot distilled water (20 ml).
This solution was basified with 0.1 N NaOH (25 m1) and extracted
with CHC1, (5x20 m1) to yield a brown oil upon drying (540 mg).
A TLC of this brown oil showed a mixture of reactants and
product. Reactants were eluted by column chromatography with
benzene. The product was eluted with benzene/EtOH 2:1 (TLC
R=0.09, CHC1,:EtOH, 1:1) to afford a pale yellow oil, 380 mg
(56%). IR (neat) 3323 (-NH), 1690-1570 (broad, -C=NH). "H-NMR
(CDC1,) 6 1.02 (t, 3H, J=7.5), 2.35 (q, 2H, J=7.5), 2.96 (s, 3H),
3.27 (s, 3H), 5.70 (broad s, 1H), 6.45-7.73 (m, 11H, H-aromat).
'3C-NMR (CDC1,) CN,, 163.4; Ar, 145.9, 144.4, 142.5, 134.0,-129.7,
128.2, 127.8, 125.9, 125.5, 125.3, 125.1, 123.6, 123.1, 123.0.
122.5. 120.8: NCH,. 40.1: N’CH.. 35.4: Cli.. 28.2: CH,, 15.0. Mass

-~ ~ P N N a ko

Spar . wfo caled for Coii N0 3371892, Found. 3171687,



treatpent. Such tri- and tetra-substituted guani di nes possess utllltles as
non-conpetitive bl ockers of NMDA-receptor-nedi ated effeetss————_1In a
further nethod aspect, this invention relates to J§¥h d of anelloratlng
the neurotoxic effect induced by glutamate |nterac aNWDA
receptdbr of a nerve cell, conprising adn1n|ster|ng " e.g., a
human bei ng exhi biting synptons of or Sﬂiceptlb|e oXi C
effect, a tri- or tetra-substituted guant di ne having a hlgh affinity for
the PCP receptor of the nerve cell in an anmount effective to aneliorate the
neur ot oxi c effect. The term "high afflnlty" neans the co -ound exhlblts
an | Cferr] ofxample 15: |_£93MN ~Ehyiphe ethyhoN’ -ethy.
preferably, at nost 0.5 14 : dday as descri bed

belbw- In anqghhgs fetrderd fb%ﬁ&fni ﬂiild fas 'ib‘lﬂé@d ﬂﬂ(i-%kﬁyﬁ)‘heh ‘met hod
of inhibiting A rece tor-lo annel r I ed ne 0X Clt onpr|5|ng
adm ni steri ngNt"ggé' ide trR E% s r a- bst"F"P b'u W e jossessi ng
a higp affini napﬁmyumnaaiymc:ewme e (:11] mewelscmhdl ) arid anstroba.
ehiective 1o, nhiHaky IS, AFAHEVib epientorsand ELERY NN o E0ESL
a chronic al caplimmediately placed in a preheated 160°C o0il1 bath and allowed
to stir under N, for 14 h. The resultant brown glass was
dissolved in methanol (6 m1) and diluted with hot distilled water
10 (20 m1). This solution was basified with 0.1 N NaOH (25 ml) and
extracted with CHCl; (5x20 m1) to yield a brownish green o0il (920
mg). A TLC of this oil showed a mixture of reactants and
product. Reactants were eluted by column chromatography with
benzene. The product was eluted with benzene/EtOH 20:1 (TLC
15 R=0.064, CHC13:EtOH, 1:1) to afford a pale greenish viscous o0il,
460 mg (35.5%). IR (neat) 3484, 3394 (-NH), 1635 (-C=NH). 'H-NMR
(CDC1,) 6 1.00 (t, 3H, J=7.5), 1.14 (t, 3H, J=6.6), 2.32 (q, 2H,
J=7.5), 2.91 (s, 3H), 3.72 (q, 2H, J=6.6), 5.62 (s, 1lH), 6.34-
7.73 (m, 11H, H-aromat). '3C-NMR (CDC1,) CN,, 162.2; Ar, 145.9,
20 144.0, 140.3, 133.7, 130.3, 127.9, 127.5, 125.5, 125.1, 125.0,
124.5, 124.4, 122.7, 122.6, 122.4, 120.4; NCH,, 46.2; NCH,, 39.1;
CH,, 27.9; CH,, 14.8; CH;, 12.5. Mass Spec. m/e calcd for
C, HysNy, 331.2048, Found, 331.2046.

Example 16: Preparation of N-(1-naphthyl)-N’'-{m-tolyl)-N'-
25 methylguanidine .HCl (Compound XXIII)

a: N-cxano—N-meLhy]-3-to]uidine. A solution of cyanogen
bromide (1.59 g, 15 mmol) in diethylether (10 ml) was added

dropwise to a stirred solution of N-methyl-3-toluidine (2.91 g,
24 mmol) in diethylether (90 ml) at 0°C. After the addition, the
30 reaction mixture was stirred at room temperature for 14 h. A

solution with white precipitates was formed and the precipitates
were removed by filtration. The etherate solution was further
washed with aqueous HC1 (IN, 20 ml1, three times) as well as brine
(10 ml), dried over MgSO,, filterec. and concentrated. The



i nduced condition, conprising admnistering to a mammal a tri-
tetra-substituted guanidine possessing a high affinity for the

receptor of a nerve cell, in an anount effectlvemkﬁquEanm lmmd

20 di sease. Pretreatnent of animals with the NND - 801

mar kedl y attenuates the extent of cell |oss, he no aC|d
changes in a rat nodel of Korsakoff's -dilsease. ang a s

Soc. Neurosci. Abstr. 14:774 (1988). Therefore, the tri- and
tetra-substituted guanidines of the present invention have utility for the

3\; t ﬁmligﬁ ingof o‘&ﬁg{ ‘lﬁ’ésobﬁ‘?ﬂéﬂ r{a0LeSyeNdwa i QifideGind 7022 336%d ASSQRI at ed
CH,C1,): 2240 cm’ .
b: -(1-naphthyl)-N’-(m-tolyl)-N’-methylquanidine.HC].
A mixture of N-cyano-N-methyl-3-toluidine (0.47 g, 3.22 mmol) and
5 1-naphthylamine.HC1 (0.54 g, 3 mmol) in a 5 m! round bottom flask
was heated in a preheated oil bath at 170-190°C for 3 h under N,.
The dark brown solution was allowed to cool to room temperature,
and it became a rocky solid. The crude product was flash
chromatographed on silica gel to yield N-(1-naphthyl)-N’-(m-
10 toly1)-N’-methylguanidine.HC1 (40% yield) as a white powder.
Elemental analysis: IR (CH).Cl,): 1625, 1600, 1560 em.  'NMR
(CDC1,): & 2.135 (s, 3H), 3.536 (s, 3H), 6.847-7.972 (m, 11H).
13C_NMR (CDC1,): 20.9, 41.0, 122.6-141.6, 155.8. C,gH;N;0C1.1/256
H,0. (Cacl.) C: 70.02%, H: 6.19%, N: 12.89%; (Found) C: 70.33%,
15 H: 6.20%, N: 12.90%

Example 17: Preparation of N-Methyl-N-(3- n1troghen11)-N -(1-
naphthx‘)guan1d1ne Hydrochloride (Compound XXIV)

A mixture of 1-naphthylcyanamide (708 mg, 4.2 mmol) and N-
methyl-3-nitroaniline hydrochloride (1.4 g, 7.3 mmol; Pristera,

20 F., et al., Anal. Chem. 32:495-508 (1960); Katritzky, A.R., et
al., Organic Prep. Proced. Int. Briefs 21, No. 3 (1989)) was

finely pulverized. The resulting greenish yellow solid was

placed in a pear flask equipped with a magnetic stirring bar and

heated under N, in an oil bath at 160°C for 3 h. A yellow film

25 had formed near the top of the flask. The mixture was cooled to
25°C and ethanol (10 m1) was added, followed by 1 N NaOH (15 ml).

The mixture was extracted with ether. The extract was washed

with 1 N NaOH, dried (K,O0,), and concentrated to dryness

affording 1.3 g of a sticky brown oil. The oil was taken up in

30 CH,C1, and evaporated onto silica gel (1.5 g). This was placed

on top of 13.9 g of flash chromatography silica gel and eluted
with increasing amounts of ethanol in CH,C1,. The fractions
showing a chracteristic blue color with bromcresol green were
combined and evaperated to dryness affording 668 mg of a hvown

35 il The s63i¢ Wen writuraied with ether snd then wetler., The



Such iri- and tetra-substituted guanidines and other non- conpetitive

bl ockers of NVDA receptor-pedi ated responses can.be.deternined by a nethod
i nvol ving> (a) determining the binding affinity with respect to the PCP
receptor by conpetitive di spl acenent of trltlatedT l@@ sB ) elﬂaﬂltro
cytotoxicity studies neasuring the ability of the vent nerve
cell death caused by exposure to glutamate; and (c I n
vi vo neuroprotective ability using ani md@-nodel s. Evalua | of t he

bi ndi ng activity of organic conpounds with respect to the PCP receptor is
perfornmed using radioligand binding assays. The conpounds are tested to
det erm ne theimixtbré] includidg the ansolubleisttieky Wﬂﬂlwmtﬁinsifarmedot o | abel

orof err od conpbathet oLy ChbBE! RFHechintire a8, FAPI wiph el cThé, @

| Jerr] val ue)dankr bmvm etier dayer mas . removed (andethearhd N>GIC1bma|adgledct ivity
studies, an | %ﬁfs“g ab noé'ld'lartorﬁ'é 4ep§?f¢5ﬂ &ntfywtltf)é?&@sr ﬁ?'ﬁheafu §t about

0.5 p i ndirc i ng af e S|gna i hdi ng
studi &, an | her mjxtuneywaspragain mdstbaﬁ\pmthdﬂc&twﬂaaud)\ﬁ Bi aQueeys
affinity. g@k% des&irded. b'THé“d'lﬂaﬁSa%IB!r &'h@?efa?y@y‘va%g%bﬂﬁatéhf DTG,
may be perfor I scl sed Qy Vﬁbe& q 8$ qn.é Aca Sci (USA)
83 8784- rom a clumpy DBrown so1 he solid was dissolved in acetone,

filtered, and the filtrate was concentrated to dryness, taken up
in chloroform and once again concentrated to dryness, giving a
10 yellow foam. This was triturated with dry ether and the ether
was treated with HCl-saturated ether, affording a white solid
(333 mg, 22%), mp 147-162°C. The solid was taken up in hot
acetonitrile and treated with activated charcoal (25 mg). The
mixture was filtered through Celite and the filtrate was concen-
15 trated to 2 ml and allowed to stand at 4°C overnight. The
brownish mounds of crystals were collected and recrystallized
twice from acetonitrile affording 79 mg (5%) of the title
compound as brownish crystalline mounds, mp 134-135.5°C. High
resolution MS 320.1273 (free base). Calcd for C,gH;gN,0,,
20 320.1256. o

Example 18: Preparation of N-(7-fluoro-1-naphthy])-N’-(m-
ethylphenyl)-N’-methylquanidine hydrochloride
(Compound XXV)

a. m-Ethylphenylcyanamide. A solution of cyanogen
25 bromide (3.31 g, 31.26 mmol) in Et,0 (25 ml) was added slowly to

a stirred solution of m-ethylaniline (6.06 g, 50 mmol) in Et,0

(50 m1) and continued stirring at room temperature for 6 hours.

A white precipitate of m-ethylaniline hydrobromide (4.46.9) was

filtered off, and the filtrate was washed with H,0 (2 x 20 ml).
30 Evaporation of ether layer afforded the title compound (3.85 g,
96.5%) as a thick liquid. IR (film): 2225 cm™.

b. N-m-Ethylphenyl-N-methylcyanamide: A solution of m-
ethylphenylcyanamide (1.46 g, 10 mmol) and sodium hydride (480
mg, 20 mmol, pre-washed thrice with hexane) in anhydrous THF (1C
w1} wes heated al 80-85°C for 2.5 hours. After il was allowad 1.

e Lo orvoom tempovaturc. methyl dedide (3.3 . 25 memoll own



8788 (1986) which is incorporated by reference herein. ___Inthe
neurotoxi city studi es cul tured mammal i an neur ans—of—cett Tines expressing
EAA receptors are exposed in vitro to glutamate and ﬁg%kggag@umd under

i nvestigation. The anount of an enzyne, |actatéer
rel eased fromthe cells into m '21 the
mediumis a neasure of cell death. This43-n vitro say S

described in greater detail bel ow In the in VIVO neurotoxicity
studi es, the experinental nodel of McDonald, J.W, et al., (In: Sigm and

Y SRS G B B AT e i Com
M chi gan) canMethaagp| blﬂed!ﬂs) foldpwed byeatera(20umb) weve- addes aﬂﬁtﬂ‘e".
extracted with dichloromethane (3 x 25 m1). Concentration of the
organic layer followed by quick flash chromatography afforded the
_ 5 title compound (960 mg, 60%) as a colorless liquid: IR (film):
2220, 3400 cm™.
' A mixture of N-(m-ethylphenyl)-N-methylcyanamide (195 mg,
1.21 mmol) and 7-fluoro-1-aminonaphthalene hydrochloride (200 mg,
1.01 mmol) was heated in a pre-heated oil bath at 160°C for 2.5
10 hours and then allowed to cool to room temperature. The
resulting solid was taken up in dichloromethane and washed with
5% NaOH solution. The organic layer was concentrated and the
resulting residue was treated at room temperature with 0.5M
methanol-HC1 solution (10 ml). It was concentrated and the
15 resulting purple glass was purified by flash chromatography on
silica gel to give N-(7-fluoro-1-naphthy1)-N’-(m-ethylphenyl)-N’-
methylguanidine hydrochloride (192 mg, 53%) as off-white
crystals. M.p.: 187-90°C. IR (CHC1,): 1630, 3400 cm'. 'H NMR

(CD,C1,): & 1.259 (t, 3H, J=7.9 Hz), 2.431 (q, 2H, J=7.9 Hz),

-

20 3.564 (s, 3H), 6.76-7.94 (m, 10H). Anal. Calcd for C,oHyNsFCI:
C, 67.12; H, 5.92; N, 11.74. Found: C, 67.28; H, 6.00; N,
11.87.

Example 19: Preparation of N-Methyl-N-(3-azidophenyl)-N’-(1-
naphthyl)quanidine Hydrochloride (Compound XXVI)

25 A mixture of 800 mg of N-methyl-N-(3-nitrophenyl)-N’-(1-
naphthy])guanidine hydrochloride, 223 mg of 30% Pd/C, and 15 ml

of ethanol was shaken under an atmosphere of H, at 47 psi for 28

h. Then 5 ml of 1 N HC1 was added and the mixture was filtered

through Celite. The filtrate was evaporated to dryness affording

30 the dihydrochloride as a light brown foam (970 mg) that was

' suitable for the next reaction. A stirred solution of N-methyl-
N- (3-aminophenyl)-N’-(1-naphthyl)guanidine dihydrochloride (86

mg), water (8 m1) and concentrated HC1 (3 ml) was wrapped in foil

and cooled in 0°C and then treated with NaNO, (200 mg). The

- dution was stirrec &t -16°C for 1.5 h anc then Walk, [1CT =o)}




one cerebral hem sphere of a rat pup causes brain injury which resenbl es
the | esion produced by hypexia-i schem a. The abtdity--of-test-eonmpounds .to

limt the+ NVDA-induced lesion is a neasure of their_ neuroprotective
properties; and, since the conpounds are admi ni st t ¢edneal |y,
the nodel also provides informa- tion about a co H " to cross
t he bl ood-brain barrier. As discqﬁﬁpd above

tetra-substituted guanid- ines of the present invention exhibit high
affinity for the PCP receptor and low affinity for the signa receptor.

Thus, in addition to the treatnent of neurodegeneration and related
condi tions di Q%ﬂs‘géﬁg'ab&%,“ Yidog wasi 3j1aued tp warm 1 25ehand EheAMaSn nay

a:csg tpe ;J_sefl atsmeﬁhafmm:.oglitcgis tos¥ed thoncamunﬂienmehad he?qﬁthh@%s_creeni ng
of potentia receptor. |l.i gands. e canpounds ISy
o s on - calRO,ATS I H P ARite susneodisn, TR RS BeBhctel Wikh o,
e.g., intranu€idlarand the aaxtractsnaere dribd uiNapSly)isamd contentratedido

i nj ecgion, or t ransder mal ,.i 0t r,aocul ar enter mea timal
dose %an be dg$ . 'n8§93V do Rt {bEeR %@aﬂiﬁ Egtéﬂég‘nngieigpﬁ al | of
the tri- and dissodvedbit idryt etheyuddd dil)eandntreaged witht H_Cls-s'artueateidon are
substanti al | yayfdei16 '?rﬁgl.”bl‘h%’ m%ﬂ‘ﬁ}‘e%{a% 8§ereﬂ€H€e¥| ﬁgrﬂr%%seraﬁ tha the
protonated form e. 'g., as a pharmaceutica acceptable“salt of an organic
or inorgani c BeSiduecwas cnysfiablized from ethyl acetate-hexane giving the

title compound as a hygroscopic white powder (68 mg). M.p. 72-
10 74°C. High resolution MS 316.1422 (free base). Caled for
C.gHieNe, 316.1436.

Example 20: PCP Radioligand Binding Assays
PCP receptor binding assays were performed using rat brain

membranes as the source of receptors. The radioligand used to
15 label PCP receptors was [*H]MK-801 (97 Ci/mmol)

Synthesis of [°H]MK-801 and PCP receptor binding assay
protocols are described in Keana, J.F.W., Scherz, M.W., Quarum,
M., Sonders,'M.S., and Weber, E., Life Sci. 43, 965-973 (1988).
Briefly, in the protocols, rat brain membranes were prepared and

20 used as described for "detergent-treated membranes” (see Murphy,
D.E., Schneider, J., Boehm, C., Lehmann, J., and Williams, M., J.
Pharmacol. Exp. Ther. 240, 778-784 (1987)), and stored at a
protein concentration of 10 mg/ml at -70°C. No effect of storage
(1 month) of the membranes at -70°C on receptor number or

25 affinity for [*H]MK-801 was observed.

For assays with rat membranes, the thawed membranes were
incubated at 1 mg/ml with 0.01% Triton X-100 for 15 minutes at
32°C, then washed three times by centrifugation to reduce the
endogenous amino acid concentfations, and finally resuspended in

30 buffer for assay. Glycine and l-glutamate were each added back

.to a final concentration of 1 M to maximally stimulate the

[*H]MK-801 binding. The assays contain 400 ul of membranes, 50
ul of radioligand. and 50 ul of buffer or unlabelled drug.

For [*HIMK-801 binding, 1 nM radioligand was incubated with

-

L0 Lomloof vat brasn aembranc: Tor ¢ houvs &f reom temporaiave,



chl ori de, sul fate, hemi-sulfate, phosphate, nitrate, acetate, oxal ate,

citrate, naleate, etc. The conpounds of this invention can be
enpl oyed +n mi xture with conventional excipients, Tjis $heet HAOWeARGREd cal |y

accept abl e organic or inorganic carrier substances arenteral,
enterdl or intranasal application which do not del , t with

the active conpounds. Suitabl e pharthceutically
22 acceptable carriers include but are not limted to water, salt
solutions, alcohol, vegetable oils, polyethylene glycols, gelatin,

| act ose, anylAHeass@@eerdiBtoppedry eapidaFiltration unadacvdcuun siomughpar af fin,
perfure o |+ dilhlo 376 JTRDOHhHES i Hehs Pdsbhille b | 6155 po RRLAPRNEL ! Tatty
s imine using a Brandel 48-well cell harvester (Brandel,
Gaithersburg, MD). The filters were washed three times with 5 ml
5 of cold 5 mM tris-HCl, pH=7.4.- Each filter was suspended in 10
ml of Cytoscint (ICN Biomedicals, Costa Mesa, CA) and radio-
activity was measured by liquid scintillation spectrometry at a
counting efficiency of 50%. Nonspecific binding was defined as
. that remaining in the presence of 10 uM MK-801 or 100 .M PCP.

10 [*H]icpp (3-((%)2-carboxy-piperazine-4-y1)-propyl-1-
phosphonic acid) binding to the N-methyl-D-aspartate-type
glutamate receptor (Murphy, D.E. et al., J. Pharm. Exp. Ther.
240:778-784 (1987)), high affinity [*Hlkainate binding to the
kainate-type glutamate receptor (Honore, T. et al., Neurosci.

15 Lett. 65:47-52 (1986)), and [*H]AMPA (DL-a-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid) binding to the quisaqualate-
type glutamate receptor (Murphy, D.E., Snowhill, E.W., and
Williams, M., Neurochem. Res. 12, 775-782 (1987)) were assayed
using rat brain membranes prepared as described above.

20 Saturation data were evaluated and ICg, values were

determined as described by J.B. Fischer and A. Schonbrunn (J.

Biol. Chem. 263, 2808-2816 (1988)).
The compounds IV to XIII were tested for binding to the PCP
receptor on rat brain membranes in radioligand binding assays
25 using selective [*H]-labelled ligands. (+)[°H]MK-801 was used to
label PCP receptors. As can be seen in Table I, the compounds IV
to VII had submicromolar affinities for PCP receptors as judged
by their ability to displace the selective PCP receptor ligand
from binding to brain membranes from rat (The numbers in paren-
30 theses in Table I indicates the number of experiments). Also
shown in Table I is the binding data for the corresponding N,N’-
disubstituted guanidine not bearing an N-methyl group (N,N’-di-
(1-naphthyl)guanidine, Compound XIV; N,N’-di-(m-ethylphenyl)-
guanidine, Compound XV; N-(l1-naphthyl)-N’-(m-ethylphenyl)-
:t guanidine, Compound XVI: N-(1-naphthyl}-N’(c-icspropylphenvl)-

guanic ne. compouad FVilj.



cel lul-ose, polyvinylpyrrolidone, etc. ' The_____Eh'_é-_r maceutical
preparations can be sterilized and if desired m xed with auxiliary agents,
e. ., lubricants, preservatives, stabilizers, vvettfm“\gsh@ggggtffeen Rputai fiers,

salts for influencing osnotic pressure, buffers, | ng
and/ or aromatic sub- stances and the |ike which do Iy react
with the active conpounds. For par ent er al appl cularly

suitable are solutions, preferably oily 46r aqueous soI utions as well as
suspensi ons, enul sions, or inplants, including suppositories. Anpules are
conveni ent unit dosages. For enteral application, particularly
suitabl e are tabl et By contipsts nonecaf) thie econpaundyy tested shoMed sigrifiibohydr at e
carr,iier bi nder e I ac nd/ or
corn starch ant rtrt;ig@t‘é# ls?f ?@ %ﬁé\t‘ds ﬁ‘r’oﬁq'&“l% PW&?SéMtklkiéQ@ga%gbe used
wherein a smeeurenwsqumaﬁeetym egbntaymtaa b?imﬁagnesdtesi eassayednpsdngi ons can
be formul ated ct COIRIPENGs | cted
with di fferent‘anﬂ: rgﬂ %ﬁgg\ggi ﬁgﬂm"‘a 'Légé? m c?gen%sapgﬂ%tl £

mul ti pte coat iragiol igan | ntravenous or parenteral adm ni st ratl on,
e.g., sub- cutaneous, intraperitoneal or intranuscular admnistration are
preferred. The corrpounds of this invention are particularly



valuable in the treatnent of mammalian subjects,

e.g.z hunans

by -agoni st5 of the NVDA receptor. Typically, such sub ec S k Gsade those
afflicted with neuro- degenerative diseases sucﬁm di sease,
Hunti ngton's di sease, Anyotrophic Lateral Sclero | ﬁs di sease,
Down' s Syndrone and Korsakoff's di sease. Also eatnent are
t hose subjects suffering fromor |ikely-4% suffer fron1nervous systen1

dysfunctions resulting from for exanple,
23 epil epsy or nerve cell degeneratlon mhlch is the result of hypoxi a,

wherein the =~

hypogl'ycem a, [remor—sprroar—cm ==t T T O S o rrord
trayma. TypicaLﬁpandldates for treatnent TAﬂkEde
| PCP Receptor Sigma Receptor
{ Affinity Affinity l
| ICs ICg in
' Rat Bra1n Membrane_ Guinea Pig Brain Membranes
| vs. [°HIMK-801 vs. [3H]DTG
| Compound 1
i # MEAN | #SEM | (n) MEAN 4SEM | (n) | Type
{ v us.5| 1.4/ 9 4800.8 | 130.0 | (4) | Tri-
! IX 146.3 | 36.7 ) (3) 6550 -- 1 (1) | Tri- "
X 549.7 | 67.5] (3) 10,500 --| (1) [ Tetra-
XI 55 --1 (1) 10,093 --1 (1) | Tetra-
" XIII 452 --1 (1) 10,563 -- | (1) | Tri-
267.2 (5) 165.2

10,724
llXIX 80.0 3.9 (4) 2,787 291.2 1 (3) | Tri-
XX 123.0| 18.0] (2) 18,477 2,2766 (4) | Tri-
XX1 86.8 1 20.3 | (2) 1,211 56.0 | (4) | Tetra-
XX11 96.9 5.1} (2) 2,291 160.6 | (4) | Tetra-
XXITI 85.2 6.9 (3) 1,862 175.0 ] (3) | Tri-
XXV 86.5 9.1 (2) 6,264 699.2 | (4) | Tri-
XXV 40.1 5.6 1 (5) 547 73.6 [ (&) | Tri il
cOV ] e i 35,0060 . 1. L
iatege 05 etrasubstivatog, §ed eisubsuitune o an o

h disubstituled




heart attack, stroke, brain or spinal cord injury patients, patients
undergoi ng maj or surgery where brain ischema is-apotential.. conplication
and patients [divers] suffering fromdeconpression sickness due to gas

enboli in the blood stream It will be apprié S Repliced act ual
preferfed anmounts of active conpounds used will valr 'l o the
speci fic conpound being utilized, the p#8+ticul ar ¢ rmul at ed,

the node of application and the particular site of adm nistra- tion.
Optimal adm nistration rates for a given protocol of admnistration can be

reddily ascer gpanidd PV: 'Sian€ RekeptopdBindihd Ass usi ng conventi onal dosage
determ nati on testﬁ on uctg W t r% ar t? the foregQin ui del. nes.

As the guani di nesteu4s-s 1984 btep Rﬁ.b “ﬂ,'lﬁLf,sﬁ%s, A2 Qﬁ?cmr?e_s of the
present invenbrain neembzhs® hemogerates randbdhe avadiadrigand s[*HIDTG waket hout
further el abogat i | & LS. chelde ty on ¥y | h 't can,

usi ngst he pr e%%uﬁgeﬁeisc#g&’gg? tyt ﬁ???e%rMi%&gi ts

full e8t exten8788 (1886).ol Briefly, frezen whdle gudnéd-pigninadnse(Biotenls,
therefore, to e r ' t §at4av | i@ _ive of

t he remai nderlﬁﬁat%agﬁd{sgcﬁggﬁ"regg Iﬁdnﬁéaéﬁ%@ maf&g‘éb‘g'ﬁég W} v) lo?hg@etenti re
text of all appld 320i BMssucpase msing ad Bpinkmapapolytron. The homogenate

was centrifuged at 1,000 x g for 20 minutes at 4°C. The super-

natant was centrifuged at 20,000 x g for 20 minutes at 4°C. The

10 resulting pellet was resuspended in 10 initial volumes of 50 mM

Tris/HC1 buffer at pH 7.4 and centrifuged at 20,000 x g for 20

minutes at 4°C. The resulting pellet was resuspended in 5

initial volumes ice-cold S50mM Tris/HC1 (pH 7.4), and the final

volume was adjusted to yield a protein concentration of 3 mg/mi.

15 Aliquots of 20-ml were stored at -70°C until used, with no
detectable loss of binding. _

For [°H]DTG binding assays, the frozen membrane suspensions

were thawed and diluted 1:3 in 50 mM Tris/HC1 (pH 7.4). To 12 x

75 mm polystyrene test tubes were added 0.8 ml of diluted

20 membrane suspension, 0.1 ml of [H]DTG (Dupont/NEN) to yield a

final concentration of 1.4 nM, and 0.1 m1 of unlabelled drugs or

buffer. The protein concentration in the 1-mt final incubation

volume was 800 ug/ml, corresponding to 32 mg of brain tissue

(original wet weight) and to a tissue concentration within the

25 Tinear range for specific binding. Non-specific binding was

defined as that remaining in the presence of 10 uM haloperidol.

Incubations were terminated after 90 minutes at room temperiture

by addition of 4 ml of ice-cold 50mM Tris/HC1 (pH 7.4) and rapid

filtration of the membrane suspension through Whatman GF/B

30 glass-fiber filters under vacuum, using a 48-weli cell harvester

(Brandel). The filters were washed 2 times with 4 ml of 50 mM

Tris/HC1 (pH 7.4). Each filter was suspended in 10 ml Cytoscint

(IC1), and radioactivity was measured by liquid scintillation

spectrometry at a counting efficiency of approximately 50%. ICg

35 values were determined by non-linear regression analysis. The
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tions cited above and bel ow are hereby incorporated by reference.
EXAVPLES In the follow ng exanples, nelting- pein%s-mere—deternined

in,open capillary tubes on a Thonas- Hoover apparatus (co n m? ing <

230C) or on a Melt-Tenp (conpounds nelting > 230() ed. The

NMR spéctra of all conpounds were recorded on a Gen 300

and chem cal shifts are reported in pproggel ative to gnal of

t he deuterated solvent (CHCLl3, 7.26 ppm HCDerr]OD, 3.30 ppﬁl TNB 0. 00

ppm. IR spectra 24 were recorded

on-a '_\" col et 5DXB FR-s Ic@h b%r seen ‘135 Iﬁ'a{;'l H, in companson to the correspond-
ing disubstituted guanidines, certain trisubstituted guanidines
of the invention unexpectedly exhibit high binding affinity to
the PCP receptor but low binding affinity to the sigma receptor.

5 Thus, these trisubstituted guanidines can be used as selective

PCP ligands.

Example 22: In Vitro Neurotoxicity Assay
a. Cell culture: Dissociated rat hippocampal cultures
were prepared using a modification of the method of Huettner and
Baughman (Huettner, J.E. and BAughman, R.W., J. Neurosci. 6,
5 3044-3060 (1986)). Newborn to 1 day old rat pups weighing 6 to
8 g were anesthetized with chloral hydrate and cortices with
hippocampi attached were removed and placed in C1 free dissocia-
tion medium supplemented with 1 mM kynurenic acid and 10 mM
MgSO,. The tissue was cleared of meninges, washed and incubated
10 for 20 min at 37°C in dissociation medium containing 10 units/ml
of Papain (Worthington). After the enzyme treatment, the tissue
was incubated for three 5-minute periods at 37°C with 10 mg/mil
trypsin inhibitor (Sigma type 11-0).
The cells were dissociated by trituration in growth medium
15 and a 50 ul cell suspension was added to each well of 96 well
microtiter plates (Falcon) containing 50 ul growth medium per
well. Prior to use the 96 well plates had been coated with poly-
D-1ysine (0.5 mg/ml) and lamininn (2 wug/ml) (Collaborative
Research). Cells were plated at a density of 5 x 10* per well to
20 give a final volume of 100 ul per well. The growth medium was
Eagle’s minimum essential media (MEM, Earle’s salts) suppiemented
with 5% fetal bovine serum (CCL), 5% defined supplemented calf
serum (HyClone), 50 mM glucose, 50 units/ml penicillin/strepto-
mycin and MITO+ serum extender (Collaborative Research). The
25 cells were maintained at 37°C in a humidified 4.5% CO, atmo-
sphere.
The cells were maintained in a medium that was similar to
the growth medium but without the fetal bovine serum. HKalf



1420 jn CHC13 or neat. |R and NWR spectra-of all_conpounds are consi stent
with their assigned structures. Elenental analyses were perforned by
Desert Anal ytics (Tucson, AZ), or Galbraith Laborﬁtm&hms{asum

N, N- Di et hyl - 1- napht hyl armi ne, ethyl bromni de, N phe n1ne
3-ethylaniline, N-ethyl- N 1-naphthylam ne, BrCN nDhexanoyI
chloride, and butyllithium (2.5M were g@talned fron1 r|c en1ca| Co. ,
and used as received. o0-Toluidine was tained fromAl drich and freshly
distilled by bulb to bulb distillation at reduced pressure Br ontr esol

green spray reagent was purchased from Sigma Co. Dine fornan1de and
triethyl am ne Vodyme ®edia gxchanges weye Pﬁrgquﬂé@‘%Ué?k}YeH%E@d dtestfure, and

stored over nghpsuUindvitihe when cﬁ}bbﬁx@bﬁuyzaaﬁysaﬁerfer péhfm:ddstl Iled from
CaH2. -Et her and Te&;a- f and benzophenone,

and freshly distil Fed B re—rohyet? ade.
Exanple 1: PAsgay.ation Ouﬂ tﬁ#eseildrml adﬁeﬁ«ked:lmidrbsmpilchhw }lm(lanlyi rthese

R
neurotoxicity trials. Glutamate trials were carr1ed out at room
temperature with all solutions warmed to 37°C. Cultures were
washed three times in a HEPES-buffered “control salt solution”
(CSS) similar to that reported by Choi et al. in J. Neurosci. I:

10 257-268 (1987), but with 10 mM HEPES substituted for Tris-HC1 and
buffered for pH 7.4. Rapid media exchanges are achieved in this
system through the use of a 96 well aspirator which removes
medium from all wells simultaneously and leaves equal volumes of
fluid in each well thereby achieving uniform drug concentrations

15 and eliminating the risk of exposing the cells to air. Drugs are
tested against 500 uM glutamate using multiple 1/2 fold dilutjons
(usually 7) of test substance to give a dose response curve and
3 controls which include 500 uM glutamate alone, test drug alone
(highest concentration) and CSS alone. One 96 well plate is used

20 per drug to give a sample size of 8 and trials are repeated
several times. Following the CSS washes where all traces of
serum containing media is removed, the cells are exposed for 5
minutes to the 7 concentrations of test drug in CSS and then to
the drug same drug concentrations plus 500 M glutamate. The

25 three CSS washes are repeated and 100 ul aliquots of glucose
enriched MEM are added to all wells and the plates are maintained
overnight at 37°C in CO, incubator.

The glutamate-induced death of neurons is measured by

determining the levels of lactate dehydrogenase (LDH, a cytosolic

30 enzyme) released into the medium by dead and dying neurons in the
24-48 hours following glutamate insult as described by Koh and

Choi (J. Neurosci. Methods 20: 83-90 (1987)). It has also been
established that non-neuronal cells, such as astrocytes, do not

release significant levels of LDH during these trials. Media

LI samples are collected from all wells and assayed for LDH accord-

ing to the protocel zugossied v Moleomlzr Dovico: &pplicarior.



ondenser was placed N, N-dinethyl-1-naphthylamne (4.35 g, 25.4 mmol, and

Br CN (2 99 g,

28.2 mmol) in a single portion. This suspension was.

placed

in an oil +bath (preheated,:90[err]C) and allowed to stir and reflux under
1 hours. During this tine a gas was gjh%®necofids,BecteReplatedd by

N[err] for 2
bubbl &r pl ac
TLC, using

the 21 hours,

i nsol ubl e qu
was extracte
wat er- (5 X,

filtered, th
distifklation
N—rrethyl N (

10

15

20

25

30

the m xture was cool ed, 4816 nl of et

ed over the reflux condenser. The re owed by
net hyl ene chl oride as the sol vent and . After
was a -and the

aternary salt (669 ng) was filtered off. The ether filtrate
d wth an agueous 5M HO solution (4 x, 30 m) and washed with

g@unie)r%g, tﬁfzeAgﬁitiggdmes gggs eqan a?VBéw%@EWIdﬁﬁ‘ﬁc Miere Pdtegﬁlog?:
Readenq, Mead [feuat permad 12ad 56 AheHDH b Tuss ontaiged ﬂnet?‘

| glutamate alone controls.
A measure of the potency of each compound tested is .made by

. estimating from the dose-response curve the concentration of the

compound that inhibits 50% of the glutamate-induced LDH release.
This estimate is called the ED;, dose.

A1l guanidines tested were able to inhibit glutamate-
induced neurotoxicity in vitro. Figure 1 shows the relationship
between EDg, values and ICg, values for the compounds IV-VII

(denoted by the corresponding numbers 4-7). The neuroprotective

potencies of the four N,N,N’-trisubstituted guanidines are
closely correlated to their affinities for the PCP receptor.

Example 23: In Vivo Neurotoxicity Assay .
The experimental model of McDonald, J.W., et al., supra,

was employed with the single alteration in protocol of an
intraperitoneal injection of the test compound 15 minutes
following, rather than preceding, the cerebral NMDA injection.
Only Compound VII was tested in this assay and was found, in
dosages ranging from 0.1 to 100 umol/kg of body weight, to
protect against the lesions caused by NMDA injection.

These observations on the in_vitro and in vivo neuro-

protective properties of the substituted guanidines are consis-
tent with their affinities for the PCP binding site in brain.

The tri- and tetra-substituted guanidines of the present
invention are chemically unrelated to any known NMDA channel
blockers acting through PCP receptors with the exception of
compounds previously disclosed in U.S. Patent No. 4,709,094'and
U.S. Application Serial No. 07/237,367.

As discussed above, previously, only compounds belonging to
the PCP/ketamine series, benzomorphan opiates, benz-f-isoquino-
lines and MK-801 were known to interact with PCP receptors (see
Zukin, R.S. and Zukin, S.R., Trends in Neurosci., in press
(1988): Sonders. M.S.., Keana, J.F.W. and Weber, E.. Trends in

Baurg 10 JMYY0 0 57-40 Voo P LUVLF S I
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25 napht hyl)cyanam de (2.22 g, 48% b.p. 180[err]C 1.5 mm Hg (Cressnman, -
Homer, WJ., Og. Synth. collective vol.3, 608), 170- 125Ir[err]—C/1 mn4=|g) IR
(CDA 3) 3065, 2943, 2256, 2218, 1394 cm. '"H NWR ( 1 92
769 (d, 1 H 7.56(d, 1 H), 7.33 (m 4 H, 3.21 (s, eefHasBeeﬂ 'a% a 3
neck round bottom flask, equipped with a magnetic 'sti
condenser, was placed a suspension of 1g, naphthyl am (181
ng. 0.834 mol) in dry chloro- benzene %23' m ) and al | oned to stlr under N2
for 15 mnutes. A solution of N-nethyl-N(1-naphthyl)cyanam de (141 ny,
0.774 mmol) in dry chlorobenzene was added dropw se to the naphthyl am ne
hydr obr oni de 8niesgd¥i oh. oJaight 5 AxRnutWesdruffo Gelctandn Ixgesemeh-bi.aced in a
preheat ed oi | pped hna4POlagad ) Usa eyl ygjd lngg:l flggsﬁ days The reaction was
fold1owed by T 3’; | oro- rig' ﬁ t hen renoved by
evaparation by rengﬁd’rﬁFg@Gr%“ Hl?sh%%ﬂ efﬁﬁ‘*i‘@é’u‘!”‘cq nyIHi AT BYECeSFen
di ssol ved in Eymcmstmotmgom enu/aimly/aa:radmtramohMNemmezbad<ture was
made basic by th dit n of 0. t hen
xt r abted i ¢ Fetssanss ana7b Spesucdn Canglaiogs, BF sesd fvafktbn ik 9ed "1
used in the preceding examples.
From the foregoing description, one skilled in the art can
easily ascertain the essential characteristics of this invention,
and without departing from the spirit and scope thereof, can make
10 various changes and modifications of the invention to adapt it to
various usages and conditions.



ent was then renoved to obtain a brown oil (322 ng). ThIS oi | was
disgolved in 1 m CHCL3 and placed on a prep TLC pl ate azﬂm‘mm“amnvul‘r l!u
Et CHCI 8 (1:1) one tinme. The band at Rf 0.2 was renove

wi t‘h Et OH and concentrated to dryness {87.2 ng). Thi*s Was"t hen

di sqol'ved in EtOH (2 nl), placed in an ice bath, and to it was added 5 N

HO (1 m). The resultant soluble salt was concentrated to dryness to
rd a purple oil. Thi grpuMa &oN It oo Bty ed | sTA+ekt (1 m) and

decol-orized with actlvatlng charcoal (20 ng) and flltered off through a bed’

?];n*recgl :’:IE gl I/I :o][ gCe Sn(a%m%écg%?é ?’?\.}5 gnaﬁc]gﬁgr&f I& Kh er one "Ebg@f%%ted

result and noungsaonfidimiet dasriyet a:llne mremllﬁ@rmland dried thoroughl y to
afford N-nethyl-N, N -di-
'l

R-N-C-N-H
10 _ R’ R"

wherein each of R, R’ and R" independently represents a
él—cs alkyl group, a C,~C¢ alkenyl group, a C,-C¢ alkynyl
group,'a'cycloalkyl group optionally substituted by one
15 or more substituents, a cycloalkenyl group optionally
substituted with one or more substituents, a carboc¢yclic
aryl group optionally substituted by one or more
substituents, an alkaryl group optionally substituted by
one or more substituents, an aralkyl group optionally
20 substituted with one or more substituents} a heterocyclic
group optionally substituted by one or more substituents,
or a heteroaryl group optionally substitutéd by one or
more substituents;
or a physiologically acceptable salt thereof;
25 wherein the or each substituent is a chloro, fluoro,
bromo, icdo, C1¥C8 alkyl, C;-Cg alkoxy, cyano, C;3-C;¢
dialkylaminoalkyl, carboxy, carboxamido, C,-Cg alkylthio,
allyl, aralkyl, alkaryl, - C;-C4 cycloalkyl, aroyl,
aralkoxy, C,-Cg acyl, aryl, heteroaryl, an afyl fused to
30 a benzene ring, a heteroaryl fused to a benzene ring, Ci~
: | Cg heterocycloalkyl, a -C;-Cg heterocycloalkyl ring‘fused
': to a benzene ring, C,-Cg alkylsulphonyl, arylthio, amino,

C,—Cg alkylamino, Cy=Cyg dialkylamino, hydroxy,
: hydroxyalkyl, carbamoyl,. C,-Cg N-alkylcarbamoyl, C,-C;g
g 35 N,N-dialkylcarbamoyl, nitro, azido or a Cy,=Cy5
i dialkylsulphamoyl group. '

This Sheet Has Been Replaced
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26 (2-napht hyl ) guani di neHCO (26.8 ng, 0.074 mmol, 10%, up 249- 250f{ertj¢C

|R (KBr) 3075, 2925, 1656, 1619, 1594, 1306, 1394cnferr] | )
8.1-7.5 (m 14), 3.69 (5, 3). [err]C NMVR (CD30D) CN3, 15 lﬂm

136.8, 136.2, 132.0, 131.5, 130.7, 130.3, %%g.?, 129.3,.128. 4
128.0,” 127.5, 127.5, 127.6, 126.8, 122.9, 1 4; CH3, 40 81. Anal Calcd

for Jerr]Herr]N3Hd: C 73.02: H, 5.57: N, 11.61. Found: C, 73.15: H,
5. 49; N 11.74. , Exa |ec8mpoﬁ£8paWHﬂéH‘ 9§ an N,N,N‘/-trisubstituted
N. N -di - (m et hyl'phenyl ) - N- net quanldlne (Compound V)

a. N—(mEt hyl phamanidingtand c‘fa-nam de: A solution of m
et hylphenyl cyangmipge-d il ¢b- ﬁtﬂﬁﬂmﬂ&-m?DQuumhydeude (480 mg, 20 mol ,

pr e- washed thrice with, hexa drous THF s heated at
80-85Ferr] C for MM bk G0~ %]rpqﬁn% 'g T%%%l%éarclggﬁn S room

t enpérat use, nmet(o- incbpiol heny R5-Nroigthyds-Ndddd-rephdnil)iguanidine ;
cont | nued at T g { NG a1 -+ 1 WL PEORLphERYTh bndeblicdtRe) bY
N-(l-naphthyl)-N’-(m-ethylphenyl)—N’-ethylguanidine;
N, N'-dl-(l-naphthyl)—N—ethylguanldlne,
N-methyl-N’-(m-ethylphenyl)-N-(1-naphthyl)guan1d1ne,

10 N, N’-dl-(l-naphthyl)-N-phenylguanldlne,
N-(8-coumarinyl)-N'-(3-ethy1phenyl)—N'-methylguanidine;
N-(8-coﬁmarinyl)-N'-(3-ethy1phenyl)-N-ethylguanidine;
N-(1-naphthyl) -N’-(3-methylphenyl)-N’-methylguanidine;
N-(1-naphthyl) -N/-(3-nitrophenyl)-N’-methylguanidine;

15 N-(1-naphthyl)-N/-(3-azidophenyl)-N’-methylguanidine;
N-(7-fluoro-1i-naphthyl)-N’/-(3- ethylphenyl)-N'—
methylguanidine;

, N-¢(4-fluoro-1- naphthyl)-N’—(3 ethylphenyl)-N'-
20 methylguanidine;

N-(l1-naphthyl)-N’-(4-fluoro-3-ethylphenyl)-N’-
methylguanidine; or -

25 N-(1-naphthyl) ~N/~(8-coumarinyl)-N-ethylguanidine;
or a physiologically acceptable salt thereof.

3. A compound which is an N,N,N’, N’-tetrasubstituted
guanidine of the general formula:
30 NH

R-N-C-N-R’ '

RI RI'
35 _ .
' wherein ‘each of R, R/, R" and R’’’ independently

represents a C;-Cg alkyl group, a C,-Cg alkenyl group, a
C,-Cg alkynyl group, a cycloalkyl group. optionally
substituted by one or more substituents, a cycloalkenyl

Sheet Has Been Re; laced
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t
reactlon m xture was extracted with dichl oronethane (3. X‘?5*ﬁ¥}~‘_‘_

‘Cancentration of the organic layer followed by flash chro ra hy on
Si‘a2" af f otded N-(m et hyl phenyl ) - N- net hyl cyanam de (QGG ng l ”ﬂ"
colorless liquid: IR (film: 2220, 3400cnferr]. '””ﬂ

N- (m €t hyl phenyl ) - N- et hyl cyanani de (640 nm, Sﬂ-nnDI) and n}ethylanlll *
hydrochl oride (630 ng, 4 mol) was placed in a pre-heated oil bath at

160[err]C for 2.5 hours and then allowed to cool to roomte atuyre.
“F€§th|ng sol i d REOURIEPt igRald Yy suksEisntedhy SRe ﬁﬁsﬂ8693FPﬁ %

tsg* lrJt ' ﬁnd Thesor @A daF Hody@l ien aeel! gebap apdmhamws isthlos bidsi ey G:inearm:
o 5% asa combieas SURRINEHATEL oS | IR Bh00. SRHBE SRR 1
NVR (€DC [err]): swbstlituted by mne60'|.-|) moieSBuszltge@ms »AaF) aralkyy grq_up

JQE,G 19 - 7 33 ggtloﬂylly substituted with one or more substituents, a
heterocyclic group optionally substituted by one or more
substituents, or a heteroaryl . group optionally
substituted by one or more substituents;

" or a physiologically aéceptable salt thereof;

10 wherein the or each substituent is a chloro, fluoro,
ne; j : bromo, iodo, Ci-cs alkyl, C,-Cg alkoxy, cyano, C3-C;g
7 dialkylﬁminoalkyl, carboxy, carboxamido, C,-Cg alkylthio,
e; allyl, aralkyl, alkaryl, C3-C¢ cycloalkyl, aroyl,
i aralkoxy, C,-Cg acyl, aryl, heteroaryl, an aryl fused to
; 15 a benzene ring, a heterocaryl fused to a benzene ring, C3-
N?/- Cg heterocycloalkyl, a C3-Cg heterocycloalkyl ring fused
: to a benzene ring, C;-Cg alkylsulphonyl, arylthio, amino,
Nf- f c,~Cg  alkylamino, - C,-C;5 dialkylamino, hydroxy,
hydroxyalkyl, carbamoyl, C;-Cg N—alkylca_r:'bamoyl, C,-Cy5

Nf- 20 N,N-dialkylcarbamoyl, hitro, azido or a C,-Cy5

dialkylsulphamoyl group.

4. A compound which is an N,N,N’,N’-tetrasubstituted

guanidine which is:

ated - 25
N-methyl-N’-phenyl-N,N’-di-(1-naphthyl)guanidine;
N-methyl-N/-ethyl-N,N’-di-(1-naphthyl)guanidine;
N,N'—di(l-naphthyl)-N,N'—dimethylguanidine;'
N- (1-naphthyl)-N - (3-ethylphenyl) -N,N’-dimethylguanidine;
30 or o
“ﬂy':l N-(1- naphthyl)-N’-(3 ethylphenyl)-N ethyl-N'-
2, a methylguanidine.

ally.
enyl

S. A compound according to any of claims 1 to 4 which

TR TR
i

This Sheet Has Been Replaced
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27 Anal . Calcd for C[err]H23N3: C, 76.83; H, 8.24; N, 14.93. Found: C,__
76.-50; H, 8.06; N, 14.97. Exanple 3. Preparation of

N-met hyl -N- (I -napht hyl ) -N - (o-i sopro- ' pyl ph ej -'
Hydr ochl ori de (Oorrpound V1) a. |sopropylanili neﬁmumllﬂmﬁmll
o-lsopropylaniline (11.2 g, 79.1 mvl) was &6ssol ved in &ther (60 nf) #and
the ether saturated with HO gas was added dropwi se to afford a- white
precipitate. The precipitate was collected and dried (13.0 g). The
precipitate (2.28sgneugoproteckings ands sxhidd tisn hdighn n‘?’G“IrI jctivityated
char coal (500 ”D);h&'aF cpddgdeprdd libe mimadidnasefidfered through celite
filter aid. The resultant clear filtrate was placed in a centrifuge tube
and ether (28 m) was added slowy to give white needles (1.06 g, 6.16
mol ) > np 183-184[ er rtho{n@bﬁhH- HWO&:@E’%@D):olaS@ (pi'edﬁdlrﬁz 1014 $mpfor luse
7.32%m @ 743753&@1

N- Met hyl - R ( 1- napit B§F €¢o- |sopropyl phenvl)guanidine. In a 5 nm round
bottom fl ask was N- et hyl - N-napht hyl am ne (227

7. The use of an N, N, N’/-trisubstituted guanldlne having

the general f ormula :

- NH
10 ' I
R=N-C-N-H
£I Rll
15 wherein each of R, R’ and R" independently represents a

C,-Cg alkyl group, a C,~-Cg alkenyl group, a C,-C¢ alkynyl
group, a cycloalkyl group optionally substituted by one
or - more subsfituents, a cycloalkenyl group optionally
substituted with one or more substituents, a carbocyclic
20 aryl group 'optionally substituted by one or more
' sﬁbstituents, an alkaryl group optionally substituted by
one oOr more substituents_, an aralkyl group optionally
substituted with one or more substituents, a heterocyclic
group optionally substituted.by one or more substituents,
25 or a heteroaryl group optionally substituted by one or
more substituents;
or a physiologically acceptable salt thereof;
wherein the or each substituént is a chloro, fluoro,
bromo, iodo, .Cl—cs alkyl, C;-Cg alkoxy, cyano, C3-Cig
30 dialkylaminoalkyl, carboxy, carboxamido, C,-Cg alkylthio,
allyl, aralkyl, alkaryl, C;-C, cycloalkyl, aroyl,
aralkoxy, C,-Cg acyl, aryl, heteroaryl, an aryl fused to
a benzene ring, a heteroaryl fused to a benzene ring, C3-
Cg heterocycloalkyl, a C3=Cg heterocycioalkyl ring fused
35 to 'a benzene ring, C,-Cg alkylsulphonyl, arylthio, amino,
c,-Cg  alkylamino, C,-C,;  dialkylamino,  hydroxy,

This Sheet Has Been R
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ng, 1 25 mmol ) and o- |sopropylan|I|ne hydrochl oride (236..19. 1.37 nmml.) and
a'stir bar. This yell ow sh m xture was heated and f = F 5

hrs. The r'esultant tan glassy oil was cool ed, dlssolve
amd a small fraction was renoved and spotted on a TLC !
eluted with CHCO 3: EtOH (2:1). The TLC sho wed a spot w

gave a bl ue spot when sprayed with brontresol green spr ay reagent (obtarned
and used as rec ed fr AIdrlc Qts of, the
starting nat erlgyér\(ﬁ‘?ﬁ 1q Oc%r hecrfe' W r?gq(tyfal%asr o|yoi’ V\gé—géﬁied
to water (20 m)I,Nt-dealaylchNaﬁdy(U,O minji taecs, adchalildm t hds soauti Bp—Cps a
single portion %ﬁ gggg b?gmg§? The m |l ky solution was then

2 4x 0]

extracted with err drled over K2CCO3, filtered, and
goncentrated tolBrykB8s F6%53F9§}QR(wﬁfcn#n(3¢59ﬁﬁ) foxh $rieasmend | Mos
absor bed snt o Spfbﬁ ¥913£{1E13Q 0)d iHEh Y asede e hé?v@ﬁsaﬂcij%eﬂ A v idred

CH2dA 2 silica gel he col um was_ el ut ed h CH2 50
OBa 5. it o ( 25he BaRAOPhYG A Ph; ERerdaTqitrT TagoRrss  epfuassive

SHZO 2: EtOH (lestcitatiofll pf ne¥w€ sellbebyt agondists of NMDA receptors.

8. The use according to cleim 7 wherein the compound
10 is:

N,N’=-di-(1l-naphthyl)-N-methylguanidine;

N,N’-di;(g-ethylphenyl)-N-methylguanidine;

N-(o-isopropylphenyl)~N/-methyl-N’-(1-naphthyl)guanidine;

a

1 N-(m-ethylphenyl)-N-methyl-N’-(1l-naphthyl)guanidine;

e 15 : N-(l-naphthyl)—N'-(m—ethylphenyl)—N’-ethylguanidine;

y N,N’-di-(1-naphthyl)-N-ethylguanidine;

c N-methyl-N/~(m-ethylphenyl)~N-(1-naphthyl)guanidine;

e N,N’-di-(1-naphthyl)-N-phenylguanidine;

v _ N-(8-coumarinyl)-N’~(3-ethylphenyl)~N’-methylguanidine;

y 20 N-(8-coumarinyl)-N’f(3-ethylpheny1)-N-ethylguanidine;

o N-(1-naphthyl)-N‘/-(3-methylphenyl)-N’-methylguanidine;

‘, N-(l-naphthyl)-N’-(3-nitrophenyl)-N'-methylguanidine;

T N-(l-naphthyl)-N’—(3-azidophenyl)-N’-methquuanidine;

N-(7-fluoro-l-naphthyl)-N’-(3-ethylphenyl)-N’-

25 methylguanldlne, or .

y, N-(4-fluoro-1- naphthyl)-N'—(B ethylphenyl)-N'—

methylguanidine;

tf f 30 or a physiologically acceptable salt thereof.

. :

0 &

3= ; _ 9. The use of an N,N,N’,N’-tetrasubstituted guanidine

add . 35 of the general formula:

;o

This Sheet Has Been Rep

A Ill i




28 CHO 3: EtOH, 1:1) were taken of each fraction and fraotlons W th--Li ke-- Rf-,
‘of 0.1 were conbined and concentrated to dryness to afford a purpte oi ..z .
(338 ng).*This was then dissolved in ether (10 nl) and the insoluble purple-

‘precipitate was discarded. The soluble solution was pl uge
‘tube dnd ether saturated with HOJ gas was ad” dr opw iﬂﬂﬂl"ﬂumﬂmmm
.sticky purple solid as the hydrochloride salt (306 ng). * The Stitky sdlid
swas concentrated to dryness then dissolvedgh?to EtOH (1 m) and placed in
-an et her vapor diffusion chanber for 2 day o afford light pink prisns.
The prisms were collected and dried, dig ack into EtOH (Im) then
filtered through celite filter aid after h \ddi tion of activated charcoal

(40 ng). The filtrate was then placed||1ﬁu1e§denneyer flask and pl aced
int'o an et her vapor diffusion chanber to afford after 1 day |ight pink

prisms (205 ng, 4GHRrednP- e%%ia 234 ey ] CR'[e”R]'H NYR (i entinddiédently
1.03-1.24 (broad d, 6), 3.61 s_c) 1.2 _ Ikenvl
represents a Cy alkyl group, a C,=C¢ a nyl group, a

' C,-Cg alkynyl group, a cycloalkyl group optionally

10 substituted by one or more substituents, a cycloalkenyl
group optionally substituted by one or more substituents,
a carbocyclic aryl group optioﬁally substituted by one or
more eubstituents, an alkaryl group optionally

_ substituted by one or more substituents, an aralkyl group

15 optionally substituted with one or more substituents, a
heterocyclic group optionally substituted by one or more
‘substituents, or a heteroaryl group optionally
substituted by one or more substituents;
or a physiologically acceptable salt thereof;

20 wherein the or each substituent is a chloro, fluoro,
bromo, iodo, C,-Cg alkyl, C;-Cg alkoxy, cyano, C3-Cpg
dialkylaminoalkyl, carboxy, carboxamido, él-ca alkylthio,
allyl, aralkyl, alkaryl, C;-Cgq cycloalkyl, aroyl,
aralkoxy, C,-Cg acyl, aryl, heterocaryl, an arYl fused to

25 a.benzene ring, a heteroaryl fused to a benzene ring, C3-
Cg¢ heterocycloalkyl, a C;-C¢ heterocycloalkyl ring fused
to a benzene ring, C,;-Cg alkylsulphonyl, arylthio, amino,

C,-Cg alkylamino, Cy-Cyg dialkylamino, hydroxy,
hydroxyalkyl, carbamoyl, C,~Cg N=-alkylcarbamoyl, C,-C;s
30 N,N-dialkylcarbamoyl, - nitro, azido or a C,-Cy

dialkylsulphamoyl group:

in the preparation of an agent for treatment or.

prophylaxis of a disease of the nervous system in which

the pathophysiology of the disorder involves excessive
35 excitation of nerve cells by agonists of NMDA receptors.

Tr— .
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7.47 (broad m 4), 7.65-8.08 (m 7). [err]CGNWR (CD30D)—,_CN[_EI’_I’_ 157. 8;..Ar,.
r46.7, 138.2, 130.1, 129.5, 128.8, 128.6, 127.7, 127.0, 126.9, 126.3,

F26°0, 1224.9, 120.9; CH3 39.1; (CH3)2CH, 62.7, 27.9, ZZL ummm ME
2969, 2869, 2750, 2363, 1975, 1662, 1619, 1550, 1444, 1 ﬂﬂ
cmerr]. Mass spec. me calcd. for C[err]H2§H3 317. 1892 found %1? 1890.
Exanpl e 4: Preparation of N (1l-naphthyl)-N - (n}ethylphenyl) N -

met hyl quani di ne gxdrochlorlde (Conpound VI 1)

et byl phenyl - N- nkOhy| BhansReI QBT M 502518 )9 AHBSTOdM e FRPEPERY
hydr ochl ori de (50§sgg, 3.25 Mol ) was placed in a pre-heated oil bath at

160[err] C for 3 hqurs hen. al | 0 Gool The

resulting solid smﬁﬁsgﬂ hntBhﬁpgﬁwﬁfgt FH&&%?ﬂﬂ?égﬁ§é%é%§#§a¥%/6thH

solut:ond The orgnﬂmethgyeN'uathdeNeNVHmmaixynhphnhyligmamnganS|due was
ssol ve abs. oH was

tgtyncent r at ed and ¥E§ 8%'%31”11;@&@?1 récr wtl%tq{z‘}lc?%q%i:’é%es Et OH Etgerr] (@]

t@give N-(1- naphﬂhyl}n&bhFhYébhyrpﬁénytbymphﬁavher YGadigehbylguanidine;

qurochlorlde (40§rng, 37% as off-white needles. np 223-25[err]C.

nyl N-(l-naphthyl)-N’-(3-ethylphenyl)-N-ethyl-N’-
£ : methylguanidine.

: 10

: Or .

lly 11. The use according to any of claims 7 to 10 wherein
oup ' the disease is Alzheimer‘’s disease, Parkinson’s disease,
, a Huntington’s disease, Amyotrophic Lateral Sclerosis,
ore 15 ‘Down’s Syndrome or Korsakoff’s disease or the disorder is
11y epilepsy. '

12. The use of an N,N,N’-trisubstituted guanidine having

ro, _ the general formula:

-Cyg 20 ' - NH

10 | R-N-C-N-H

vl I 7 ln

i f:o - | | R R

Cy- wherein.each of R, R’ and R" independently represents a

1sed C;~Cg alkyl group, a C,-Cgq alkenyl group, a C,-Cg alkynyl

-no, group, a cycloalkyl group optionally substituted by one

XY, : or more'substituents, a cycloalkenyl group optlonally

-Cis5 | 30 substituted with one or more substituents, a carbocycllc

-Cyg 3 aryl group optionally substituted by one or more

' substituents, an alkaryl group optionally substituted by

or . one .or moré substituents, an aralkyl group optionally

1ich fi ' substituted with one or more substituents, a heterocyclic

sive é 35 group optionally substituted by one or more substituents,

LS. E or a heteroaryl group optionally substituted by one or

more substituents;

A A P L

2 o e bl
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29 IR (CHA 3): 1630, 3400 cnferr]. [err]H NWR (CD30D): 61-275 (t, -3 H, J =-

7.9 Hz), 2.742 (q, 2 H J =7.9 fh), 3.555 (s, 3 H, 7.30 - 8.01 (n1 11 :
00 b 656 N 12 10 Examie 5 preparation of 1IN AR ]
N- (1- napht hyl ) - N - (m et hyl phenyl )-N - 60 ethquuahldiné ( onpouhd
Vill) - a. m Et hyl phenyl cyanam de. A solution cyanogen

mom e (3,31% oF S BSR4l Woligan o
conti nued stirri nthexteimobheemqer aaghe sfubstsitiemt. is a chloro, fluoro,
bromo, iodo, C,-Cgq . alkyl, C,-Cg alkoxy, cyano, C3-C,.
dialkylaminoalkyl, carboxy, carboxamido, C,-Cg alkylthio,
5 allyl, aralkyl, alkaryl, C3-C4 cycloalkyl, aroyl,
aralkoxy, C2-C8 acyl, aryl, hetercaryl, an aryl fused to
a benzene ring, a heteroaryl fused to a benzene ring, C;-
C¢ heterocycloalkyl, a C3-C¢ heterocycloalkyl ring fused
to a benzene ring, C,-Cg alkylsulphonyl, arylthio, amino,
10 C,-Cg * alkylamino, Cy=Csg dialkylamino, hydroxy,
hydroxyalkyl, carbamoyl, C,;-Cgq N-alkylcarbamoyl, C,-C,g
N,N—diaikylcarbamoyl, nitro, azido or a Cy~Cyg

dialkylsulphamdyl group:

in the preparation of an agent capable of inhibiting NMDA
15 receptor-ion channel related neurotoxicity or susceptible'

thereto.

13. The use according to claim 12 wherein the compound
is:

20 N,N’-di-(1-naphthyl)-N-methylguanidine;
N,N’-di-(m-ethylphenyl)-N-methylguanidine;
N-(o~-isopropylphenyl) -N’-methyl-N’~-(1~naphthyl)guanidine;
N-(m—ethylphenyl)-N-methyl-N’-(1fnaphthyl)guanidine;
N-(1-naphthyl)-N’-(m-ethylphenyl)-N’-ethylguanidine;

25 N,N’-di-(1-naphthyl)-N-ethylguanidine;
N-methyl-N’-(m~ethylphenyl)-N-(l1-naphthyl)guanidine;
N,N’-di-(1-naphthyl)-N-phenylguanidine;
N=-(8-coumarinyl)~N’-(3-ethylphenyl)-N/-methylguanidine;
N-(8-coumarinyl)~N’-(3-ethylphenyl)-N-ethylguanidine;

30 N-(1-naphthyl)-N’-(3-methylphenyl)-N’-methylguanidine;
N-(1-naphthyl)-N’-(3-nitrophenyl)-N’-methylguanidine;
N-(1-naphthyl)-N’-(3-azidophenyl)-N’-methylguanidine;

N-(7-fluoro-i-naphthyl)-N’-(3-ethylphenyl)-N’-
methylguanidine;
35
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A white precipitate of methylaniline hydrobronide (4.46 g).
off; and the filtrate was washed with Herr]O0 (2 x 20 m ). Evaporati of -
‘ether layer afforded the title conpound (3.85 g, 96.5 “l ﬂ \ Bufd__
IR (film: 2225 cnferr] b. I\I—(mEthé/IphenyI:)m\I“I“ﬂ ae: A
suspensi on of methyl phenyl cyanam de (2.26 g,115.45 nnﬁl)canb sodi um
?ggrhss (820hm‘;'E 34.2 gnnl, pre-washed thrice with hexane) in anhydrous THF
was heat ed at 80 rLc : ure, Afer 4 I d o -
cool to room terraejé %‘%}%‘ Ieini%r Orréjég%(lgygg gl? 426 Ge%yﬁg%dagggd ltarlnd
cﬁpp}lnugdbstlrglnqiaq-hagnT enpe?gg;re for 6 hours. Methanol (20 m)
Jollowead by water W 1 rangg L ¥oastek Mytiiphenyl) -N/ -
"t chl or omeghane l{;ﬁ&é’ﬁidiggceht rg'ghi o?qg'}‘@t he organriwg r%yer lf,o'l)l owed
&y quicck flash chromdt ogr aphy afforded the title conpound (2.36 ng, 88% as
a light yellow | iguigfl:phys{diddical BP24cédptable salt. thereof.
k@(l-qaphthyl)-N‘-(n}ethylphenyl)-N‘-ethquuanidine A m xture of
e (m et hyl phenyl ) - N-et hyl cyanam de (500 ng, 2.86 nmol) and
.1- ani nonapht hal enet hydripehisei o€ @n2® 1y N ‘2. 86-tratntdswiest Heated gnaaidine

'br e- heat egpoil batth t‘ﬁ%lf%éeﬁf%i C‘félolﬁlrf%pours and then allowed to cool to

at ur e.°

edom t enp Ing solTd was
o, . WH
Y, R-N-C-N-R’ ‘"
315 15 ' 1|a' R"
18 ' .
wherein each of R, R’, R" and R’’’ independently .
DA - represents a C;-Cg alkyl group, a C,-Cg alkenyl group, a
le ; C,-Cg¢ alkynyl group, a cyclbalkyl group optionally
: 20 substituted by one or more substituents, a cycloalkenyl
: group optionally substituted by one or more substituents,
ind f a carbocyclic aryl group optionally substituted by one or
: more' substituents, an alkaryl group optionally
substituted by one or more substituents, an aralkyl group
25 optionally substituted with one or more substituents, a
1e; - ' heterocyclic group optionally substituted by one or more
| substituents, or a hetefoaryl group optionally
substituted by one or more substituents;
or a physiologically acceptable salt thereof;
30 wherein the or each substituent is a chloro, fluoro,
bromo, iodo, ¢C;-Cg alkyl, C;-Cg alkoxy, cyano, C3-C;yg
e; ) dialkylaminoalkyl, carboxy, carboxamido, C;-Cg alkylthio,
allyl, aralkyl, alkaryl, C3-C¢ cycloalkyl, aroyl,
: aralkoxy, C,-Cg acyl, aryl, heteroaryl, an aryl fused to
' 35 a benzene ring, a heteroaryl fused to a benzene ring, C;-
C6 heterocycloalkyl, a C3-C4 heterocycloalkyl ring fused
r- to a benzene ring, C,-Cg alkylsulphonyl, arylthio, amino,

G
...;
%
A
i
i
i

c,-Cg  alkylamino, Cy=Cyg dialkylamino, hydroxy,

This Sheet Has Been Rerlaced




taken in dichloronethane and washed with 10% NaOH sol ution.. The-organic'
| ayer was concentrated and the resulting residue was
30 flash thromat ographed .on S|I|ca gel to give N-14d-h
et hyl phenyl ) - N -ethyl guani dine’ (610 ng, 67% as a Ilgﬁﬂm“mm l“lHﬂMIIIHR
(CHO ["err]): 1625, 3400, 3500 cm. 'H NVR (¥ 3): [err} 128 (™, S H

7.6 Hz), 1.36 (t 3 H, J =7.0 Hz), 2.70 (g, 2 H J =7.6 Hz) 4 08 (q, 2

H J =170 HZ) 32 3 ?(yl cgrggmo 82cgdq: %%lﬂylcgrggmgyf 3C21C.J;%

8.2 (t, 1 H,

N, N—dlalkylcarbamoyl, nitro, azido  or a Cy=C;5
dialkylsulphamoyl group: '

in the preparation of an agent capable of inhibiting NMDA
5 receptor-ion channel related neurotoxocity in a mammal
exhibiting such neurotoxicity or susceptible thereto.

15. The use according to claim 14 wherein the compound
is:

10 N-methyl-N’-phenyl-N,N/-di-(1-naphthyl)guanidine;
N-methyl-N’-ethyl-N,N’~di-(1-naphthyl)guanidine;
N,N/ -di.( l1-naphthyl)-N,N’ -dimethylguanidiﬁe;
N-(1-naphthyl)-N’/-( 3-ethy1pheny1) ~N,N’~-dimethylguanidine;
or

15 N-(l1-naphthyl)-N’/-(3~- ethylphenyl)-N ethyl-N’-
methylguanidine.

16. The use according to any of claims 12 to 15 wherein

20 thHe neurotoxicity is caused by excessive release of
endogenous élutamate following the occuren.ce of hypoxia,
hypoglycemia, brain or spinal chord ischemia, or brain or
spinal chord trauma. '

25 " 17. A pharmaceutical composition comprising a compound
as defined in claim 1 and/or a compound as defined in

claim 3 and a pharmaceutically acceptable carrier.

18. A composition according to claim 17 wherein the

30 compound is a compound according to any of claims 2, 4 or
5- : ’
i Shliet |ilii|mﬁllieﬂiced
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Example 6: Preparation of N.N -Di-(1-naphthyl)- h&ethyL_quanLdLne__*
Hydr ochl or ,de (Conpound | X) a. Prepar at i

N- et hyl - N- (1- napht hyl ) cyanam de. A m xture of cy.anomwr"mnﬂ IMML ,
31.3 mwl) and N, N-diethyl- 1-naphthyl am ne (350, t
100[err] C for 4 hours under nitrogen. It was then allowed to cool to room
tenperature, ether was added, and the insoluble N, N-diethyl-1-naphthylam ne
I_%:Idrobrom'de was fiIteredcgﬁiMST@gRe@hgrcbgmghcwqggmgﬁymtsmtﬂg:Haﬁaqueous

solution (2 x 50 M), water an rred over MpSO4. It was
fsl tered, concentrated and the re5|due was. f1ash chr omat ogr aphed on silica

gel to give'N-ethyi hF(A pmmdwﬁsﬂﬁoﬁyananbdeph%abiqn dB@@ pharmsddutical

k | d. | .o
My ot byl “quan di nePRPBEREGR dSNSARRORSTE GRRE TAPRIhg iRk igg @ compound
lhydr ochl ori & (520wlmch2i® ratol N, ¥pN’ Neetibyubskititedpgugnid byanhavdag( e

ng, 2.9 mmol) was Qgﬁg u trogen at 180[err]C for 3 hours. It was
allowed to cool to°roo Pg%eﬁggég?hre to give a transparent |ight brown
solid. It was dissolved in dichloronethane¥H35 m) and washed with 10%

agueous NaOH solution (10 m) and then dried over NaSO4. It was filtered,
concentrated, and the residue was flashReHr Gﬁ?fﬁgraphed on silica gel to
give a col & ess thick | i quid. A' L

wherein each of R, R’ and R" independently represents a

¢ C,-Cg aikyl group, a C,-Cg alkenyl group, a C,-C¢ alkynyl

e; 15 group, a cycloalkyl group optionally substituted by one
or more substituents, a cycloalkenyl dgroup optionally

! - substituted with one or more substituents, a carbocyclic

aryl group optionally substituted by one or more
substituents, an alkaryl group optionally substituted by

2in : 20 one or more substituents, an aralkyl group optionally
of substituted with one or more substituents, a heterocyclic
ia, group optionally substituted by one or more substituents,
{ or or a hetefoaryl group optionally substituted by one or
more substituents;
25 or a physioclogically acceptable salt thereof;
yand wherein the or each sﬁbstituent is a chloro, fluoro,
l in bromo, iodo, ¢C;-Cg alkyl, C,-Cg alkoxy, cyano, C;3-C;g

dialkylaminoalkyl, carboxy, carboxamido, C;-Cg alkylthio,

allyl, aralkyl, alkaryl, C,;-C, cycloalkyl, aroyl,

the 30 aralkoxy, Cz-cs acyl, aryl, heteroaryl, an aryl fused to
4 or " a benzene ring, a heteroaryl fused to a benzene ring, C,-
| C¢ heterocycloalkyl, a C3-Cg heterocycloalkyl ring fused

to a benzene ring, C,-Cg alkylsulphonyl, arylthio, amino,

| Cy-Cq alkylamino, Cy=C;¢ dialkylaminb, hydro*y,

35 hydroxyalkyl, carbamoyl, C,-Cg N-alkylcarbamoyl, C,-C;g
N,N-dialkylcarbamoyl, nitro, azido or a C,~Cy5
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gjt was treated with 0,5 M et hanol - 'HCI sollution -at roomterrpera- ture for 4

{CHC13): 1650, 3400 cnfer]r. NVR (CDAI3): 6 1.21 {t, 3 H J = 7.5 oy -

S 7 Toreparacton ot n Wbyt e Dr;enyl H!lﬂlUIllﬂlllH IIIIIHHI
fnapht hyl ) quani di ne Hydrochl ori de (Conpound X) -

%FPhenyInaphthyIan1ne Hydr ochl ori de: Ina 15 m round bottom fl ask was
ipl aced N-phenyl - 1 digdkydaudmhamqyll AraP 5. 44 mol ) which.was distilled at
Teduced pressure tgdi Qdyarhaceutically acceptable carrier.

2. A process according to claim 1 wherein the compound
5 which is an N,N,N’-trisubstituted guanidine and is:
N,N’-di-(1-naphthyl)-N-methylguanidine;
N,N'-di-(m-ethylphenyl)-N-methylguaniqine;
N—(g—isopropylphenyl)-N'-methyl-N'-(l-naphthyl)guanidine;
N-(m—ethylphenyl)-N-methyl-N'—(1-naphthy1)gdanidine;

10 N-(1-naphthyl) -N’- (m-ethylphenyl)-N’-ethylguanidine;
N,N’-di-(1-naphthyl)-N-ethylguanidine;
N-methyi-N'-(m-ethylphenyl)-N—(l-naphthyl)guanidine;
N,N’-di-(1-naphthyl)-N-phenylguanidine;
N-(8-coumarinyl)-N’-(3-ethylphenyl)-N/-methylguanidine;

15 N-(8-coumarinyl)-N'-(3-éthylphenyl)-N—ethylguanidine;
N-(l-naphthyi)—N'-(B-methylphenyl)-N'-méthylguanidine;
N-(l-naphthyl)-N'—(3-nitropheny1)-N'—methylguanidine;
N-(1-naphthyl)-N’-(3-azidophenyl) -N’-methylguanidine;
N-(7-fluoro-1-naphthyl) -N’-(3-ethylphenyl)~N’-

ﬁ 20 methylguanidine;
" . .
: N-(4-fluoro-1-naphthyl)-N’-(3-ethylphenyl)-N’-
; methylguanidine;
25 N-(1- naphthyl)-N'-(4 -fluoro-3- ethylphenyl)-N'—

2
B
%
i3
¥
w
R
N
o
g

;

methylguanldlne; or

N-(1-naphthyl) -N’-(8-coumarinyl)-N-ethylguanidine;
or a physiologically acceptable salt thereof.

35

10 .

i‘ 3 a

| 3. A process for the preparation of a pharmaceutical
4 [] [ ) . » )

3 composition, the process comprising admixing a compound
E which is an N,N,N',N'-tetrasubstituted guanidine of the
é general formula:

i

R-N-C-N-R’’‘
Rl R"
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¥

i ght" purple oi.l wth protruding white crystalli ne nmounds. This Qllqnpnu on
was di ssolved in ether (50 m) and cooled in an ice bath. To the cool

sol uti on Wwas added ether (25 m) saturated with HQJ- giﬂll“"ﬂ“ ﬂll l!lpht
purpl e solid which was collected and dried. The purpl

di ssol’'ved in MeOH (20 m) with heat and all o to sit undistur ed to form
light pink leaflets of the HO salt (963 ng 3.77 mml 6099 mp

164-167[err] C. whe:lém I\éA\@.EhyAf ' - .N -fig knapht}]gxggggggggtqe
Hydrochloride In a roun ottom. Ias was pl aced
N- ¢ 1- napht hyl )cyaﬁéﬂrtfese(% if1 Ll 5 Ly qmrﬁarﬂzﬂéN@lkel@Yb gBayph. A

Coll.s Vol. 111 @38@(51955ka paeaﬁbnapat hyTigaa Kpdr phb @b | dsp‘cﬁgﬁaﬁy

.61 I d t | ask S evacuated via aspirator
i1 dshed i th N0 HESEERS S K il HBameRbn SHPEEARUERtS i, fist 68 Lkenyl
150[ €rr] C. o5l bat group abitdond 1y Shbét!ﬂﬂdlﬁédl\lﬁ%/f 6he oh. md‘i-éeér,]uﬁ?)ﬁlauani:latn

I | ted which rown coloy.aft e own ne
WS then cool ed t 8 PAERCEVEIAEARYE FBus st Seatly RebrELsitea biTRee or
br own. sol uti on wa®oreen p@dnSGdMSa separ at alkayinel gmmpu nldﬂgti)oﬁalle '

;NaoH (30 m) to JskBst il binoflk! oiiele Win et Labhed, "oh T liBkyE: S T08D

fractions were conbi ned and coficen- trat ryness

(990 ny). The brofRtéPnaddy subshiifarred, witheroneon }‘Oaﬁd Sruéaﬁxtugpts, a

preci pitateowas. heterocyclic group optionally substituted by one or more
substituents, or a heteroaryl grdup optionally
& _ substituted by one or more substituents;
or a physiologically acceptable salt thereof; _
wherein the or each substituent is a chloro, fluoro,
15 bromo, iodo, Ci'cs alkyl, ¢C,-Cg alkoxy, cyano, 63-C15
dialkylaminoalkyl, carboxy, carboxamidb, C,-Cg alkylthio,
allyl, aralkyl, alkaryl, C;-C¢ cycloalkyl, aroyl,
aralkoxy, C,~Cg acyl, 'aryl, heterocaryl, an aryl fused to
- a- benzene ring, a heteroaryl fused to a benzene ring, C;-
_ 20 C¢ heterocycloalkyl, a C3~Cg heterocycloaikyl ring fused
- : : to a benzene ring, C,-Cg alkylsulphonyl; arylthio, amino,
C,-Cg alkylamino, Cy=Cy 5 dialkylamino, hydroxy,
- hydroxyalkyl, carbamoyl, C)-Cg N-alkylcarbamoyl, C,-C,g
N,N-dialkylcarbamoyl, nitro, azido or a Cy-Cig
25 dialkylsulphamoyl ‘group; —
with a pharmaceutically acceptable carrier.

al - 4. A process according to claim 3 wherein the compound
nd which is an N,N,N’,N’-tetrasubstituted guanidine which
he 30 is:

N-methyl-N’-phenyl-N,N’~-di~(1-naphthyl)guanidine;
N-methyl-N’~-ethyl-N,N’~di-(1l-naphthyl)guanidine;
N,N’-di(1~-naphthyl)=~N,N’~-dimethylquanidine;
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filtered off and di scarded. The brown éther sol ution ma&_éxtnaéLed W th

------ -

1 NHA solution (5 x 10 M) and all extracts werg conbined. The tan

sol ution Was then made basic by the addition of: NaQH: pel Fet

extracted with CHCI2 (4 x 10 M) to afford a purpl € oil (43mmmmﬂmmn
concentrati-on to dryness. The purple oil massﬁeposited onto stliccarge

ng) and placed on top of a silica gel colum (20 g, 3 cmdianeter). The

col um was el ut eg;_wi,t| _ NCFeasy S P iy LR .
fol | oned by i ncrgamln&a}%oétﬁxgd E{%?%}gl(%g%@) _Fﬁgsqm%gg?tt%#ﬁ%ﬁ'&ﬁne,
32 't aken of eachofraction and those which produced a UV absorbent spot of
Rf 0.0-0.1 when guted yhtdh SHPI §1-Gh 2-Ft fHe(tdh ) ;e ndy D) vay ekt ywhag- -
sprayed with brogeresalgueisdr ay reagent were

5.

5. A process according to any of claims 1 to 4 wherein
the compound is nedroprotecting and exhibits high bihding
activity to the PCP receptor in mammalian cells.

10 | ' .
6. The use of an N,N,N’-trisubstituted guanidine having
the general formula:

‘ NH
18 ' R-N-C-N-H
LI

wherein each of R, R’ and R" independently represents a
20 cl-és alkyl group, a C,~C¢ alkenyl group, a C,-Cg alkynyl
group, a cycloalkyl group optionally substituted by one
or more substituents, a cycloalkenyl group optionally
substituted with one or more substituents, a carbocyclic
aryl group optionally substituted by one or more
25 substituents, an alkarYi group optionally substituted by
one or more substituents, an aralkyl group optionally
substituted with one or more substituents, a heterocyclic
group optionally substituted by one or more substituents,
or a heteroaryl group optionally substituted by one or
30 more substituents; _
or a physiologically acceptable salt thereof;
wherein the or each substituent is a' chloro, fluoro,
bromo, iodo, ¢C;-Cg alkyl, C,-Cg alkoxy, cyano, C3-Cjg
dialkylaminoalkyl, carboxy, carboxamido, C,-Cg4 alkylthio,
- 35 allyl, aralkyl, alkaryl, C;3-C¢ cycloalkyl, aroyl,
aralkoxy, C,-Cg acyl, aryl, heterocaryl, an aryl fused to
a benzene ring, a heteroaryl fused to a benzene ring, C;-

heet Has Been Replaced
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conbi ned and concentrated to dryness to afford a grayis ThIS
oil was dissolved in ether (15 m) and filtered. “Thé'eth trate mas
cooled ir*an ice bath and ether, saturated wth: HQ gas, uﬂnﬂ

to give a light green oil (49.5 ng) upon drying.”" The oils mn
Et OH (0 5 n1) and pl aced |n an ether vapor chB#nber for 2 days to affotd *

P—nethyl I p?enyl N, N - di - (1- napht hyl ) guani di nehydr ochl ori deascryst al -
Ine starlets (30 , 0.070 l,.3% mp, 270-272 rel.H-N
(CD300) 3.60 (s, % b r%%@e/"%k%%éd@ﬁ]%g‘fs e’F?er?k ;‘1’3%5%? 55 B@lﬂ%“
2984, 1674, 1598,td % Derizdite Hikip, alkiﬂ,suiﬂ.'bbhnyﬂ(waryartdhﬂﬂlamlno,

cmerr]. M N3, 4 d 4
Exampl & 8. Pr opariaideon Cﬁ%?laﬁ%ﬁ[e? I 0 6 A
Rfré?%h?/l 1guanih§iih>r;?dl;mb:ynhkn1;3;:a(r&§mﬂrﬁ xi-)CS% :1 alka'lcaf amoylb Cy=C;5
yl- 1 8ap %‘J&ﬁa 18arpehobs 15tos aidy 'l Tgpge tdibe @?Sc
raph 5oLS

pl aced N-ethyl mol ) dlssolved I n ether
‘m). "To thi's soldid sy 19@%@6Y&tﬁ§9upsaturated with HJ gas, to afford a

il ight pink preci-jpitgie. pPepAraEHBN! algE Wain CAg&st edfepd €ieadmehte or

reci-
P prophylaxis of a disease of the nervous systemlln which
the pathophysiology of the disorder involves excessive

] 10 excitation of nerve cells by agonists of NMDA receptors.

‘ 7. The use according to claim 6 wherein the compound
is:
N,N’-di-(1-naphthyl)-N-methylguanidine;

15 N,N’~-di-(m-ethylphenyl)~N-methylguanidine;
a N-(g—isopropylphenyl)-N'—mefhyl-N’—(1-naphthyl)guanidine;
1 N-(m-ethylphenyl)-N-methyl-N‘-(1l-naphthyl)guanidine;
e N-(l-naphthyl)-N’-(m—ethylphenyl)—N’-ethylguanldlne,
Y N',N’-di-(1-naphthyl)-N-ethylguanidine;
ic 20 N-methyl-N!-(m-ethylphenyl)-N-(1-naphthyliguanidine;
ce : N,N’-di-(1-naphthyl)-N-phenylguanidine;
by : N-(8-coumarinyl)~N’-(3~ethylphenyl)-N’-methylguanidine;
ly _ N-(8-coumarinyl)=N’-(3-ethylphenyl)~N-ethylguanidine; '
ic N-(1~naphthyl)-N’-(3-methylphenyl)-N‘-methylguanidine;
8, 25 N-(1-naphthyl) -N’=-(3-nitrophenyl)-N’-methylguanidine;
or N-(l-naphthyl)-N’-(3-azidophenyl)-N'—methylguanidine;

N-(7-fluoro-l1-naphthyl)-N’'-(3- ethylphenyl)-N’
methylguanidine; or

20y 30 N-(4-fluoro-1-naphthyl)-N’'-(3- ethylphenyl)-N'—
c methylguanidine;
15
io, ' or a physiologically acceptable salt thereof.
1 :
Yoo 35
to
Ca~ 8. The use of an N,N,N’,N’-tetrasubstituted guanidine
eet Has Been Replaced
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pitate was then dissolved in MeOH (50 m), decolorized with act j_vat.ed
char coal (150 ng) and filtered through a bed of "€eljte fikter aid te afford
a Ilghtktan solution. The excess MeOH was evapoérated | eaving an. .6i.t..whi ch

f or med .whi't e needl es upon st andi ng. Et her was added to the mixture (12
m) and the suspension was allowed to stanésfor 20 h. The resulting_light _
pi nk needl es were collected and dried 1 48 'g, 7.12 nmol, 78%. mp

7y TS LG Rk R R g ol <|-aaﬁhfﬁvf%uaLllllllLﬂllilllllﬂlﬂlﬂlll

hydrochlorlde In a 5-mM round- botton1f|as Hwas pl aced N-nefhyf-
N-(I-naphthyl)cyanan1de (594 ng, 3.25 nnnﬂ) N-ethyl 1- napht hyl - am ne
hydr.ochl or5| de (678 nmy, 3.25 mmol, 1. OB'?qF-éTrr@l’e{ stir bar.

® R’ rR"

wherein each of R, R’, R" and R’’’ independently
represents a C;-Cg alkyl group, a C,-Cg alkenyl group, a

10 C,-C¢ alkynyl group, a cycloalkyl group optionally-
substituted by one or more substituents, a cycloalkenyl
group optionally substituted by one or more substituents,
a carbocyclic aryl group optionally substituted by one or
more éubstituents, an alkaryl group optionally

15 substituted by one or more substituents, an aralkyl group

- optionally substituted with one or more substituents, a

heterocyclic group optionally substituted by one or more
substituents, or a heterocaryl group optionally
substituted by one or more substituents;

20 or a physiologically acceptable salt thereof;
wherein the or each substituent is a chloro, fluoro,
bromo, iodo, C,-Cq allkyl, C,~Cg alkoxy, 'cyano, C34C15
dialkylaminoalkyl, carboxy, carboxamido, C;-Cg alkylthio,
allyl, aralkyl, alkaryl, C43-Cqg dycloalkyl, aroyl,
25 aralkoxy, C,-Cgq acyl, aryl, heterocaryl, an aryl fused to
a benzene ring, a heteroaryl fused to a benzene ring, Cj3-~
C¢ heterocycloalkyl, a C3;-Cg; heterocycloalkyl ring fused ’
to a benzene ring, C,-Cg alkylsulphonyl, arylthio, amino,
C,-Cq alkylamino, .Cz‘cls dialkylamino, hydroxy,
30 hydroxyalkyl, carbamoyl, C,-Cgq N-alkylcarbamoyl, C,-Cig
' N,N-dialkylcarbamoyl, nitro, azido or a C,-Cyg
dialkylsulphamoyl group:
in the preparation of an agent for treatment or
prophylaxis of a disease of the nervous system in which
35 the pathophysiology of the disorder involves excessive
excitation of nerve cells by agonists of NMDA receptors.
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33 The flask was evacuated via aspirator then flushed wt
vessel was then placed in a preheated 150[err]C oil bath f

gr adual, Ly increased to 175[err]C to forma yel | ow:nel<t. f”m mwm" E
stir ynder N2 for 3.5 h. After the indicated ting, ihe reaction m Xa

turned brown in color. The brown nelt was al B8wed to come to room
tenpe{atuge and then it was dissolved in MeOH (4 nl). This brown sol ution
was placed in a separatory funnel w 0 d r

‘with CH2A 2 (4 x P0 m FheTss r%&?‘?’b‘#s“%%@ (?E%‘d‘l"h(e% aﬂglggﬁcén ra‘?‘g’g‘g‘?%nd
d_rly_ne_ss tlo af](‘jorldla-éan oil (1.19 9). The tan oil was deposited onto
silica gel and pl gce n | (o] anet er
and eluted with i &gﬂ m?glﬁpéﬁ #‘J 832-%2 (C'L %P)fﬁﬁ giﬂé CHZCl)Z
CHZd 2: Et OH (\50: 1N~n@lﬁh@|12-NEt-©ﬁh(y4-ll).Ndwdla(@#nm@m\le)r@@%kéhnﬁnd t hose

fract’i ons th a ’ t_ 2 ted ‘h
CGH2d 2 Eto\#’(s 1)’%% a |u2‘%?'ﬁt§‘3'q ﬂtﬂrdal%ed w%%m@}u “ o

spray-reagent, weNe (émmmé@Yd-rid'Nc'm‘ée'ﬁFPthé epylyrd n@ssg{iﬂegg?’&aﬂaal?éﬂe'
oil (499 ng). Theghan oil was d| ssol ved in ether (10 n) and filtered. To .

the filtrate was added ether h H t
This oil was then J(‘};%TQ/%B Lﬁaa-lr ;3 a g'hﬁggéélagfi Or% g&gialpor

di f fusi on flaanber uanldlne.

LS
15

bl o

ve
S.

15

20

25

30

35

10. The use according to any of claims 7 to 9 wherein
the diséase is Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease, Amyotrophic Lateral Sclerosis,
Down’s Syndrome or Korsakoff’s disease or the disorder is
epilepsy. ' )

11. The use of an N,N,N’/-trisubstituted guanidine having
the general formula:
NH -
R-N-C-N-H

. Rl IR"

wherein each of R, R/ ‘and R" independently represents a
C,~Cg alkyl group, a C;-Cg alkenyl group, a C,-Cg alkynyl
group, a cycloalkyl group optionally substituted by one
or more substituents, a cycloalkenyl group optionally
substituted with one or more substituents, a carbocjclic
aryl group optionally substituted by one or more
substituents, an alkaryl group optionally substituted by
one oOr more substitgents, an aralkyl group optionally
substituted with one or more substituents, a heterocyclic
group optionally substituted by one or more substituents,
or a heteroaryl group optionally substituted by one or
more substituents; '

e "
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wo days to afford a tan foam when dried (439 ng). A portlon of the tan

foan1(121 ng) was converted back to the free base :by_-
and ext aéilon with CH2C12 (4 x 8 ml). The free bdse, a tan oi

di ssol ved in ether (20 m) then extracted with 1 N HQ U m&m llﬂﬁmum
The conbi ned yel | ow aqueous extract was then fMde basi

pellets to pH 12 and extracted with CH2C12 (4 x 8 m) to give a tan glassy
oil (108 nmg). The tan qi LS ed i 4 oled in an

i ce bath. Ether (Z%Frﬂ)(§¥ﬁfﬁ§f%hcﬁfi% engggﬁéséaég1gh§ro &fse to afford
a tan foam (95.2 rvg)eraeiler theapor aeach cﬁulpﬁ'elt@entntls Tae Q@?H@amﬂ&@ro,
di ssol'ved in Et OH Y lg&%pla@eﬂclnaqﬁyq;heé M@ﬁoglﬂb§§u5|g9aﬁga -éor

tan oi g;

4 days to afford a a tan upon d
io,

TLC reveal ed a si r@@wmmoﬁkmo;quWmmraqm%¢ t?lCICFBCPé

(8 1) The an fogmmes, t haRadk§iQ! vamkdr{did [efrt(0. 2ycloalkyl, aroyl,
aralkoxy, C,-Cg acyl, aryl, heteroaryl, an aryl fused to
a benzene ring, a heteroaryl fused to a benzene ring, C3-
Cg heterocycloalkyl, a C;-C¢ heterocycloalkyl ring fused
to a benzene ring, C,-Cg alkylsulphonyl, arylthio, amino, .

10 C;~-Cq alkylamino, Cy-Cy5 dialkylamino, hydroxy,.
hydroxyalkyl, carbamoyl, C;-Cg N-alkylcarbamoyl, C,~C;g
N,N-dialkylcarbamoyl, nitro, azido or a Cy~Cyg .

[TV PRYY VSO S N L U EICT.

: dialkylsulphamoyl group:

; in the preparation of an agent éapable of inhibiting NMDAI

15 receptor-ion channel related neurotoxicity or susceptible
ﬁhereto.

12. The use according to claim 11 wherein the compound

{

3 is:

é 20 N,N’-di-(1-naphthyl)-N-methylguanidine;

i N,N’-di-(m~ethylphienyl)-N-methylguanidine;

g N-(g—isopropylphenyl)-N'-methyl-N'-(1-naphthyl)guanidine;
3 N-(m-ethylphenyl)-N-methyl-N’-(l1-naphthyl)guanidine;

N-(l-naphthyl)—N'-(mfethylphenyl)-N'-ethylguanidine;
25 N,N’-di-(1-naphthyl)~-N-ethylguanidine;
] ' N—methyl—N'-(m-ethylphenyl)-N-(l—naphthYl)guanidine;
| N,N’-di-(1-naphthyl)-N-phenylguanidine;
| N~ (8-coumarinyl)-N’~-(3-ethylphenyl)-N’-methylguanidine;
N-(s-coumarinyl)-N'+(3-ethy1pheny1)—N-ethylguénidine;
30 N-(1-naphthyl)-N’-(3-methylphenyl) -N‘-methylguanidine;
N~ (1-naphthyl)-N’-(3-nitrophenyl)-N’-methylguanidine;
' N-(l-naphthyl)~-N’-(3-azidophenyl)-N’-methylguanidine;

N-(7-fluoro-1- naphthyl)-N'-(3 ethylphenyl)-N’-
methylguanidine; _
35
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34 nm) and hexane (2 m) was added. After 1 day -20[errf€atanobl—

formed. To this was added hexane (15 m) to produyce. -a m_xt ure
and uporg'%tandl ng at -20[err]C for 3 days a fewwhite crgﬂ lﬂmaw I"(m,
nnundgiforned These crystals were collected and dried (

mol ). mp. 135-137[err]C.- [err] H NVR (CD30D)’11. 18 (broad t, 3. 45 (s,
3), 3.89 (broad q, 2). 6 67-7.67 (broad m 14). [err] CGNWR (CDC13 free
base) CN3 163. 7 Ar O 141 134 7.8 1

0 4, 30,0, 1 7.,
125.9, 125.8, gbﬂé ‘Sé‘r “ﬁ%@i’ﬁbs“‘l 1%4‘.%8""52‘8‘*“1’ y7N -
122.6, 122.4, 86 Be 9“26‘12?1“&4285[err] 47.3, 13.3. IR (KBr, Hd salt)
3037,” 2913, 2463, 523 0

1075, 1050, 1019 %3 Euam pec (Hé ]égfrit")rl‘?ﬂg’ cél%?‘g”l ?‘6 é%ll 8«2&\13'
353. 1892, found 3 gg anﬁle 9: Preparation of

N-Met h-yl - (meBPyépgﬁgié bibgitally acceptablr@@éliw'ehéw&f di ne

hydrochlorlde ( Conpoun
13. The use of an N,N,N/,N’/~-tetrasubstituted guanidine
10 of the general formula:
NH
R-N-C-N-R’ '’

15 ) R’ RY

@

wherein each of R, R’, R" and R’’’ independently
repreéents a C;-Cq alkyl group, a Cy-Cg alkenyl group, a
C,-Cg¢ alkynyl group, a cycloalkyl group optionally _
20 substituted by one or more substituents, a cycloalkenyl
group optionally substituted by one or more substituents,
a carbocyclic aryl group optionally substituted by one or
more substituents,' an alkaryl group optionally
substituted by'oné or more substituents, ah aralkyl group
25 optionally substituted with one or more substituents, a
' heterocyclic group optionally substituted by one or more
§ubstituents, or a heteroaryl group optionally
substituted by one or more substituents;
' or a physiblogically acceptable salt thereof;

30 wherein the or each substituent is a chloro, fluoro,
bromo, iodo, ¢C,-Cg alkyl, C;-Cq alkoxy,. cyano, C3-Cyg
dialkylaminoalkyl, carboxy, carboxamido; C,~Cg alkylthio,

" allyl, aralkyl, alkaryl, C;3-Cg4 cycloalkyl, aroyl,
aralkoxy, C,-Cgq acyl, aryl, heteroaryl, an aryl fused to

35 '~ a benzene ring, a heteroaryl fused to a benzene ring, C;-
Ce¢ heterocycloalkyl, a C;3-C¢ heterocycloalkyl ring fused

- to a benzene ring, C;-Cg alkylsulphonyl, arYltpio, amino,
C,~-Cgqg alkylamino; Cy-Cyg dialkylamino, hydroxy,

This Sheet Has Been Rep laced
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fa. 3-Ethyl aniline Hydrochloride. In a 50 n centrlfuge-iube mas*ﬁféfé—

3-ethylaniline (1.34 g, 11.1 nmol) dissol ved in:ether
sol utigr-fwas. added ether (25 nl), saturated Wlt~h HCL “IHEI ﬂ l“l

precipktate which was collected and dried. T
(in EtOH (2 m) and crystallized by dropwi se a d|t|on of ether (15 m) to

er avas I"SS@ ved

.give white leaflets (1.21 g, 7.64 mml, 69%, mp. 159-160[err]C. b
Ntethyl N - (m et ( mm geanicd JWJE‘;F '
'm round- bot t om ghEBQOthVN_ ¥ Qﬁi $ﬁyF% S y?%?%ﬁiﬂgge (491 ﬁﬁ

'2.70 nool ; CresannN'ﬂlﬂ}EcheFQ mgxk' nagrio, Vb?ZI@PI 858 (2955 R Cis

3- ethylanlllne hygiggﬁ&ggudghéﬁggyngrd&p43 nmol, 0.9 eq, mp. 159- 160[err]C3

‘and a_stir bar. The flask was evacuat Ed vi a as |rato and fl%bhgd W t
t

‘The reaction vess&l WRe ?5%%%?%?%?9 B
‘bath"and alg owed teceptoruidar diarmel 4ralatétdemeéimitoxdeiteadini @ hanaat

To raom t erper at uPESRECEhn=hER Do VrAt AR baein B0y 1 8 EhaHEERAT

atBPIR" 5?%a 5t 2H e

solution was then added to a separatory funnel with 0.1 N NaOH (40 m)

whi ch was extract gf W phe (Hel! adcbrdihddo c1dif 15" WHr¥Ih W& &&ﬁ%ﬁﬁ&

and
is:

10 N-methyl-N‘-phenyl-N, N’-dl—(l-naphthyl)guanldlne,
N-methyl-N’-ethyl-N,N/-di-(1-naphthyl)guanidine;
N,N'-dikl-naphthyl)-N,N'-dimethylguanidine;
N-(1-naphthyl)-N’-(3-ethylphenyl)-N,N’~dimethylguanidine;
or '

15 N-(l-naphthyl)-N’-(3-ethylphenyl)-N-ethyl-N’-
methylguanidine.

15. The use according to any of claims 11 to 14 wherein
20 the neurotoxicity is caused by excessive release of
endogenous glutamate following the occurence of hypoxia,
hypoglycemia, brain or spinal chord ischemia, or brain or

- spinal chord trauma.

This Sheet 4
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t

35 concentrated to-dryness to afford a dark tan oi

(824

””Tﬂe dark tan

oil was dissolved in ether and filtered. The filtrate was placed in a
separator? funnel and extracted with a 1 N HO solution (4 x, 8 m). The
aqueous, | ayer was then nmade basic by additijon of NaCH pellets to pH 12,
then €ktracted with CH2C 2. The ENIUROF THE CNWEEDIOMted to dryness to
afford a tan oil (725 ng).TRITHANDt FHTRA+SUBSEETUTED GUANIDINESIt O SI lica gel (600

ﬁkﬁ#@ geter}. The
I n hexane follomed by
CH2C12, CH2d 2: EtOH (50:1) and Et OH. TLCS were taken of each fraction and

those fractions whicthigr @spiGestion U abontinuativn-dpegaratefRL.S)- Gatdntwhen
el uted with Crogh 3 ELCHn (Sirbh 67 /R 8380 #1228 1 th br orer esol

mg) -and pl aced on topyefn@Rivsk R BRLIT, g@‘@z@g

colum was ‘eluted wi th increasing anmoun

green spray reag

Field of the [nvention

This invention -relates to tri- and tetra-substituted
guanidines, and to pharmaceutical compositions comprising the

same, which possess neuroprotective capability.

This invention

further relates to methods involving the use of these compounds
as excitatory amino acid antagonists, e.g., for treating diseases
of the nervous system in which the pathophysiology of the disease
involves excessive excitation of nerve cells by agonists of the

glutamate/N-methyl-d-aspartate (NMDA) receptor.

Such excessive

excitation can lead to dysfunction of the nervous system in the
case of ep%lepsy and to nerve cell degeneration in cases of
hypoxia, hypoglycemia, brain or spinal chord ischemia, brain or
spinal chord trauma and in_neurodegenerative diseases such as
Parkinson’s disease, Huntington’s disease, Amyotrophic Lateral
Sclerosis (ALS), Alzheimer’s disease, Down's Syndrome and

Korsakoff’s disease.

Background of .the Invention

A wide variety of substituted guanidines are disclosed in

the patent literature. For example,

1,411,731 and 1,422,506 disclose diphenyiguanidine as a

rubber acce1erator.

1,597,233 discloses N-o-tolyl- N‘-pheny]-guan1d1ne as a

rubber accelerator;

1,672,431 discloses N,N’-di-o-methoxyphenyl-guanidine as
being useful for therapeutic purposes, especially in the form of

water-soluble salts;

1,730,338 discloses N-p-dimethyl-amino-phenyl-N’-phenyl-

guanidine as a rubber accelerator;

1,795,738 discloses a process for the production of N,N’-
dialkyl-di-substituted guanidines, including N-di-ethyl-N’-

REPL /;CrhrENT 1HETS SG
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conmbi ned and concentrated to dryness to afford a tan oil (543 ng). This

tan oil was dissolved in ether and filtered. REQEA iltrate cooled in
an ice bath and ether, saturated with HCO gas, EMT HEET rd a |ight
tan foam of the HC salt after drying (470 ng). € S A Whs di ssol ved
into EtOH (1 m) and placed in an ether vapor nb‘r for 2 days
to afford a tan oil. Upon drying the tan oi | _ f oam t hat
became a |ight tan powder ( ng 1 nfol |’ th.

[err] H NMR (CDsowj)en_mea'ewr'eﬁ-dNr *933'3”-;9' 6*§°e gy N3y,
7.05-7.35 (broadissamfiguanidine knaal-ﬁmmatﬁy] -N7 - 2) [err]C

(CDC13, free base) 4 8 3 29¢8,
128.9  128.4, 128. 3%55)&%21?6?@“4_‘26 of él%é for; é' pégs)r’g“"%zgfz
120.8: CHerr], @gubsumamm rupbersacqe '(qters sm;eg agdditisgal " og7s5
2363, 2338, 1644subbbPthent TrOthel SRfne dAttvbgenldfim; 1263, 1169, 1044 cnierr].

- E?S?E'cﬁ 10: P charas L@g@{qlh‘ b scbses™ 2 jde "o )d}%mm'epug{sh%ms,

hydr ochl ori de (8e®. rrghasylzgumm)!es aspeciatiy xglﬂsﬂmmvm as parasm-
1- naphthylcyanantﬂﬁs(540 ng, 3.2 mmol) -and

2,254,009 discloses sym-di-2-octyl-guanidine and 2,274,476
and 2,289,542 disclose sym-dicyclohexylguanidine as insecticides
and moth larvae repellents;

2,633,474 discloses 1,3-bis(o-ethylphenyl)guanidine and
1,3-bis(p-ethylphenyl)guanidine as rubber accelerators;

3,117,994 discloses N,N’,N’?-trisubstituted guanidines and
their salts as bacteriostatic compounds;

3,140,231 discloses N-methyl- and N- ethyl-N’Loctylguanid-
ines and their salts as antihypertensive agents,

3,248,246 ‘describes ~ (Example 5) a 1, 3-disubstituted
guanidine whose substituents are hydrophobic hydrocarbon groups,
one of which is naphthylmethyl and the other is'n-butyi; '

3,252,816 discloses various N-substituted and unsubstituted
cinnamyl-guanidines and generically the corresponding N’- and
N’’-alkyl substituted compounds and their salts as ant1hyper-
tensive agents;

3,270,054 discloses N-2-adamant-1-y1- and N-2-homoadamant-
1-yl-oxy-ethyl-thioethyl- and aminoethyl-guanidine derivatives
bearing at most two lower alkyl groups on the N’- and/or N‘‘-
nitrogen atom as sympathicolytic and anti-viral agents; '

3,301,755 discloses N-ethylenically unsubstituted-alkyl-
guanidines and the corresponding N’- and/or N’ -lower alkyl
compounds as hypoglycemic and antihypertensive agents;

3,409,669 discloses N-cyclohexylamino-(3,3-dialky]-substi-
tuted-propyl)guanidines and the corresponding N’-alkyl- and/or
N‘’-alkyl-substituted compounds as hypotensive agents;

3,547,951 discloses 1,3-dioxolan-4-yl-alkyl-substituted
guanidines which have anti-hypertensive activity and discloses



the resulting purple powder was heated under a N2 at nosphere -at

175[err]C

for 2 h. The resulting sticky brown oil (911 ng, 67% was treated with a
m xture of CH2C12 (25 ml) and 1 N NaCH (25 m) and

36 shaken in a separatory funne].

_ The aqueous | ayer was extracted wth
CH2C12 and the conbined organic fractions were extracted with 1 N HO .

aqueous extract was basified with NaOH agd the resulting cloudy white

“The

il tored. and bkl Tt n-plf®, ‘3? B8 1005 U itubiiohe el 1

TLC (CH2C [err])

showed two spot%t eR[Q!\"F? QD‘O'@P-and 0.7, the Iower spot gave a

characteristic

chr omat ographed over,.silli C%r@i%ls-(lz' 7 g). Elution with CH2O 2 gave the

staring am ne.

guam 889477 Coisel osuist isrdparoymynmmwg rcompound$ @sohdvings
O

3,681,459; 3,769,427; 3,803,324; 3,908,013; 3,976,787; and
4,014,934 disclose aromatic_substituted guanidine derivatives
wherein the phenyl ring can contain hydroxy and/or halogen
substituents for use in vasoconstrictive therapy; .

3,804,898 discloses N-benzylcyclobutenyl and N-benzylcyclo-
butenyl-alkyl-guanidines and the corresponding N-alkyl and/or N"-
alkyl-substituted compounds as hypotensive agents;

3,968,243 discloses N-aralkyl substituted guanidines and
the corresponding N’-alkyl-N"-alkyl and N’,N’-aralkyl compounds
as being useful in the treatment of cardiac arrhythmias;

3,795,533 discloses o-halo-benzylidene-amino-guanidines and
their use as anti-depressants for overcoming psychic depression;

4,007,181 discloses various N,N’-disubstituted guanidines
substituted on the imine nitrogen atom by an adamantyl as
possessing antiarrhythmic and diuretic activities;

4,051,256 discloses N-phenyl- and N-pyridyl- N'-cyc]oalkyl-
guanidines as antiviral agents;

4,052,455 and 4,130,663 disclose styrylamidines, as
analgesics agents or for the prevention of blood platelets
aggregation;

4,109,014 discloses N-hydroxysubstituted guanidines and the
corresponding N-methyl disubstituted guanidines as vaso-
constrictor agents;

4,169,154 discloses the use of guanidines in the treatment
of depression;

4,393,007 discloses N-substituted and unsubst1tuted N-
substituted methyl-N’-unsubstituted, monosubstituted and disub-
stituted-N"-unsubstituted and substituted guanidines as gan-
glionic blocking agents; .

4,471,137 discloses N,N,N’N*-tetraalkyl guanidines as being
sterically hindered bases useful in chemical synthesis.
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elution with Et OAc gave the guanidine free base as a tan oil (533 ng).: A
30 ng sanple of the oil was dissolved in ether and treated with

HC - sat urfat ed et her. Evaporati on gave a yellow precipitate (33 ng, 99%
whi ch was taken up in EtOH and placed in an ether diffusion chanber to give
grayi sh needl es of the hydrochloride salt (31 ng, 98%, np-194-198[err]C
Exanpl e 11: Preparaton of - N.N -di -nmethvl-N. N -di-(1-

napht hvl ) quani di ne hydrochl ori de (Corrpouﬁd XVII1) In a5 m round
bottom fl ask was pl adct99509% rdiscPoses dndidisubstitubed-guaniginesy| eygnani de

(Cressman, Homer, 3MiButylQGehnidiriat ind €03 | @bl ¥AyYYuanfdin€PBad . shgfa My (2. 89
nmol ) N-net hyl -I - gg ht h r.pine hydrochl oride (von Braun, Heider, and

Mul | er, Ber. *a stir bar. The flask was evacuat ed via
aspir ator and fI usheﬂowelthmz.‘s ahiothewasubstituted: guaniginesedséer &.9r.e- heat ed

150[err] C oi | b3t jp2866;2] l6a9Crbot Q, P66,318:18a%50 6765 ¥, 228,075:TBS2485824;t | NY

om0 52 s o e i T 1, o e
“oi : I \ggfegrgﬁgeglasaggwaehawmm&ﬂ) (#ﬁIOQBQOhmct éslﬁlt.sm precipitate wasHCI
ggl ution and thefhcongl ned eﬁist_i\T‘ve*r ei'g%%‘_%w%‘& gﬁk gl:(?l an t;oxf NaCOH
pel | ets e synthesis of a variety of adamanty isu stitute guanidines
- as possible antiviral agents, including N,N’-di-(adamantan-1-
yl)guanidine hydrochloride, N-(adamantan-1-y1-N’-cyclohexyl-
guanidine hydrochloride and N-(adamantan-1-y1)-N’-benzyl-
guanidine hydrochloride. '

The amino acid L-glutamate is widely thought to act as a
chemical transmitter substance at excitatory synapses within the
central nervous system. Neuronal responses to glutamate are
complex -and appear to be mediated by at least three different
receptor types, i.e., KA, QA and NMDA subtypes, each being named
for their relatively specific ligatids. i.e., kainic acid,
quisaqualic acid and N-methyl-D-aspartic acid, respectively. An
amino acid which activates one or more of these receptor types is
referred to as an excitatory amino acid (EAA).

The NMDA subtype of excitatory amino acid receptors is
activated during normal excitatory synaptic transmission in the
brain. Activation of NMDA receptors under normal conditions is
responsible for the phenomena of long-term potentiation, a
memory-like phenomenon, at excitatory synapses. Excessive
excitation of neurons occurs in epileptic seizures and it has
been shown that over-activation of NMDA receptors contributes to
the pathophysiology of epilepsy.

NMDA receptors are also strongly involved in nerve cell
death which occurs following brain or spinal chord ischemia.
Upon the occurrence of ischemic brain insults such as stroke or
heart attack, an excessive release of endogenous g]utaniate
occurs, resulting in the over-stimulation of NMDA receptors.
Associated with the NMDA receptors is an ion channel. The
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(500 ng) to pH 12 and extracted with CH2A 2 to afford a red oil upon drying
(1.05 g). The oil was deposited onto silica gel and placed on top of a
silica gel colum (20 g, 3 cmdiam) and eluted wi th hexane, increasing
rati os of hexane: CH2C 2, CH2Cl12, increasing ratios of CHerr]d[err]: EtOH,
and EEOH A TLC was taken of '

each fraction and those fractions wth ars Rf 0.0-0.02 when el uted wth -
CH2d 2: Et OH ( 8: and. a bl ye col or d wi.th res reen spray
reagent were coﬁr%???é‘dlt%ﬂ?ds Gnceﬁt'rét\;\ggﬂ?%e %’ Uos 13 6 ?rf"gfcfoa €alPoi | (505
nmg). The oil washannedt ecWhent glutianate (Rtenacks awith tthe Nﬁ%lmu@om etfipitate
was filtered offe @f&i ‘ihécﬁ{nd%ﬂann@i‘et@tdbﬁﬁ finekétyt %emtﬁgﬂae(hb@ ém ice

bat h d eth 10
a and et her (catwns) at:sr%gg rtﬁ\e cewI membranegaesg\.l\ia an yxt%etlgo afford

cell and K* out of the cell. It is believed that this flux of
ions, especially the influx.of Ca®* jons, caused by the inter-
action of glutamate with the NMDA receptor, plays an important
role in nerve cell death. See, e.g., Rothman, S.M. and Olney,
J.H., Trends in Neurosci. 10(7), 299-302 (1987).

Agents which block responses to NMDA receptor activation
therefore have therapeutic uses in the treatment of neurological
disorders such as epilepsy and also in the prevention of nerve
cell death resulting from hypoxia or hypoglycemia or following
brain ischemia which occurs during stroke, trauma and heart
attack. A number of disorders of the nervous system are
associated with neurodegeneration that may be caused by over-
activation of NMDA receptors. Antagonists of NMDA receptor-
mediated responses have potential therefore for the treatment of
such disorders as Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease, Amyotrophic Lateral Sclerosis, Down’s
. Syndrome and Korsakoff’s disease.

Research on the NMDA receptor-ion channel complex has led
to the determination of a receptor site within the ion channel
known as the PCP receptor. See Vincent, J.P., Kartalovski, B.,
Geneste, P., Kamenki, J.M. and Lazdunski, M., Proc. Natl. Acad.
Sci. USA 76, 4678-4682 (1979); Zukin, S.R. and Zukin, R.S., Proc.
Natl. Acad. Sci. USA 76, 5372-5376 (1979); Sonders, M.S., Keana,
J.F.M. and Weber, E., Irends in Neurosci. 11(1), 37-40 (1988);
and Anis, N.A., Berry, S.C., Burton, N.R. and Lodge, D., Br. J.
Pharmacol. 79, 565-575 (1983). A compound which binds to the PCP
receptor can act as an ion channel blocker, thereby interrupting
the flow of ions through the cell membrane. In this manner,
agents which interact with the PCP receptor act as non-

competitive antagonists reducing the agonist action of glutamate
at the NMDA receptor.
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a tan foam upon collection and drying. The tan foam was dissolved in
EtOH (1 m) and placed in an ether vapor diffusion chanber for 2 days to
give white starlet crystals. These were collected and dried in vacuo and
recrystallized fromEtOH ether (1:4) to afford the title guanidine salt as
white”el ongated laths (232 ng, 0.618 nmol, 21% . Mp. 258-260[err] C when
sanple is heated fromroomtenperature t06§ green nelt. When the sanple is
pl aced at 210[err]C it imediately nmelts to a colorless nelt slowy turning
green as tenperature iKson@CEazeeebtothgmdsh&dadpIPﬁPisi gl apbendyal &d-

130[err] C and sl Oa%yem%@ge% g&P a%3glofr (4 @mér{ﬂsrféykﬁoﬁeszyﬂ-s@d;aﬁ fies nelt.

When this same sa err melts
again into a greedChiy ¢ bepzomerghan; ofsign C"p T'é*tsr] FP{II\Z?)(%MS ]'384!31 (s, 3),
6.90-7.65 (m 14)dihy.ﬂm-5m£a=ibnﬁo(aa]ey«lmmtems 106Rife (Are. .l aNe5drugd5. 9,
129.7, 139.5 128glanil?2 02 KBr )
3194, 2969 1681%(1 %% Zi%ﬂ %%8“‘%41 399%559 ggﬁal%’sq&gill‘g" 1088
1044, 1019, 881, ¥88B, dnfier r*est ReaMeofiruf ey Gelbafvarseng,
339.1735, found 33%172@_,_W T104:7105 ( I9B8Y | anS 1)

-N - (3-et hyl phen ggg%a%ggggp' I ri de (Conmpound
Xl X) In a V*ﬁh PE0e Qf CE%W%HT ggéiyg gfqg ? henyl ) -
We have identified compounds which exhibit a h1gh affin ty
for binding to the PCP receptor and are structurally different
from known PCP receptor ligands.

Summary of the Invention

It is an object of this invention to provide tri- and
tetra-substituted guanidines which exhibit a high affinity for
the PCP receptor of the NMDA receptor-channel complex.

It is another object of this invention to provide tri- and
tetra-substituted guanidines which exhibit a high affinity for
the PCP receptor of the NMDA receptor-channel complex and low
affinity to the brain sigma receptor.

It is another object of the invention to provide tri- and
tetra-substituted guanidines to aid in PCP receptor research. A
further object of the invention is to provide tri- and tetra-
substituted guanidines useful for the treatment of neurological
conditions such as epilepsy and those nervous system disorders
associated with neurodegeneration. '

It is a further object of the invention to provide a method
for treating and/or preventing diseases of the nervous.system
associated with excessive excitation of nerve cells by agonists
of the NMDA receptor.

It is yet a further object of the invention to treat and/or
prevent dysfunction of the.nervous system causing, for example,
epilepsy, associated with excessive excitation of nerve cells by
agonists of the NMDA receptor by the administration of effective
amounts of tri- and tetra-substituted guanidine compounds having
a high affinity for the PCP receptor.
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N—nethylcyanan1de (626 ny, 3.91 mmol. ), 8- am nocounmarin

hydrochl ori de (818 ny, 4.15 mml) and a stir bar. The flask was evacuated
via aspirator and flushed with N2. The reaction vessel was inmediately
placed in a pre-heated oil bath at 150[err]C and allowed to stir under N2
for 24 h. After the 24 h, the brown nelt was dissolved in nethanol (5

m) and diluted with hot distilled matgf (25 m). This yell ow sol ution was
then added to a separatory funnel wth 1 N NaOH (15 .n

extract ed It is yet a further object of the inventign,}; %%’reéﬁ(ﬂ‘g/“rhe cHA 3
fractions were ﬁ@mnnedumd aerativer 2onditionsdrandfms nervef €ekld deathar k t an

Blrl)dfj?:'([)o g?;rtﬁ‘ﬁéuﬁi?\fg e h%laxﬁhowgogaly%ﬁra“rﬁrﬂm Pralshifd c&qp@unds and
jschemia, brain or spinal chord trauma, and the like, by the
administration of effective amounts of tri- and tetra-substituted
guanidine compounds having a high affinity for the PCP receptor.

It is a further object of the present invention to treat
and/or preveht.neurodegenerative conditions associated with the
various neurodegenerative diseases such as Parkinson’s disease,
Huntington’s disease, Amyotrophic Lateral Sclerosis, Alzheimer’s
disease, Down’s Syndrome and Korsakoff’s disease by the
administration of effective amounts of tri- and tetra-substituted
guanidines having a high affinity for the PCP receptor.

It is a further object of the present invention to treat
and/or prevent Korsakoff’s disease, a chronic alcoholism-induced
condition, by the administration of effective amounts of tri- and
tetra-substituted guanidines having a high affinity for the PCP
receptor.

Upon further study of the specification and appended
claims, further objects and advantages of this invention will
become apparent to those skilled in the art.

Brief Description of the Drawing

Various other objects, features and attendant advantages of
the present invention will be more fully appreciated as the same
becomes betfer understood when considered in conjunction with the
accompanying Figure wherein:

Figure 1 is a graphical comparison of the data resulting
from the in_vitro neurotoxicity assay with the data resulting
from the radioligand binding assay for some of the compounds

which are given as examp]es and which are the subject of some of
the claims.
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conpounds were eluted by colum chronmat ography over silica gel with
benzene. The product was eluted with benzene/ethanol 4:1 (TLC R=0. 27,

CHC3: EtOH, 1:1) and the renoval of solvent afforded a tan oil, 0.56 g
(44% . This tan oil was dissolved in nmethanol (10 m) then nmethanol (5 m)
saturated with HC gas was added dropwi se to yield a light -tan foam of the
HCO salt after drying (600 ng). This tan foam was di ssolved into ethanol (1

m ) and placed in an ether vapor diffusiog chanber for 2 days to afford the
title guanidine salt as paegciiptidivoprthe Pref&rtad Eybod{ifhts M p

EE VRO CDB0D) [er ] 1iness gbiedfy habe Hebn drhldved By 3&9@?@@5’"&?‘9@2@ "
6.51 (d, 1H, J-9ceftaim. tri-7amb thra-msmﬂ%ﬁdosmqidmsozhé%h exhibii=g. 65
[err] G NVR( CD30D}néﬁQnﬂ<ﬁﬂ %ff% fidr’tha PEP redéiitoP sitd8. 1, 145.3, 142.2,

131.5, 131.1, 129.3, 126. 2 3; NCH3
40.8: Ar- CH2, 29,2 P"“I%"?d “ A 'Z@Béﬁéi;ﬁt&’ ?‘%&i‘ﬁﬁ%‘ of “this
Q[ err] H err ] N302 inGntian are mosmof Berformata (I)Exaripl e 13: Preparation

of N-(Coumarin-8-vl)-N -eygyl - napht hyl quani di ne

hydr ochl ori de (Conpound XX) g In a .5 m round bottom fl ask was jpl aced
N- et hyl - N- 1- R-N- -tl!H
R!l

RI

wherein R, R’ and R" are independently a C,-C4 alkyl group, C;-C,
alkenyl group, C,-C, alkynyl group, cycloalkyl group, cycloalkyl
group substituted with one or more substituents, cycloalkenyl
group, cycloalkenyl group .substituted with one or more
substituents, carbocyclic aryl group, carbocyclic aryl group
substituted with one or more substituents, alkaryl group, alkaryl
group substituted with one or more substituents, aralkyl group,
aralkyl group substituted with one or more substituents,
heterocyclic group, heterocyclic group substituted with one or.
more substituents, heteroaryl group, or a heteroaryl group
substituted with one or more substituents;
or a physiologically acceptable salt thereof; :
wherein said substituent is a halogen such as chloro, fluoro,
bromo, iodo, C,-Cq alkyl, C,-Cq4 alkoxy, cyano, C4-C,s dialkylamino-
alkyl, carboxy, carboxamido, C,-Cg alkylthio, allyl, aralkyl, C,-
Ce cycloalkyl, aroyl, aralkoxy, C,-Cq acyl, aryl, heteroaryl, an
aryl fused to a benzene ring, a heteroaryl fused to a benzene
ring, C;-C, heterocycloalkyl, a C;-C4 heterocycloalkyl ring fused
to a benzene ring, C;-C; alkylsulfonyl, arylthio, amino, C,-Cg
alkylamino, C,-C,s dialkylamino, hydroxy, hydroxyalkyl, carbamoyl,
C,-Cg N-alkylcarbamoyl, C,-C,s N,N-dialkylcarbamoyl, nitro, azido
or a C,-C;s dialkylsulfamoyl; and '
wherein said compound exhibits high binding to the PCP receptor.
Preferably, with reference to Formula (I), preferred
N.N.N’-trisubstituted guanidines are wherein R and R" are
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napht hyl cyanam de (766 ny, 3.91  mmmol), - 8-aminocounarin
hydrochl oride (818 ng, 4.15 mmol; dayton, J., Chem Soc. 97: 1350 (

and a sti’r bar.

This was inmedi ately placed in a preheated 160[err] C oi

1910))

The flask was evacuated via aspirator and flushed with N2.

bath where it was

allowed to stir under N2 for 9 h. The resulting greenish brown nmelt was

di ssolved in nethanol (5 m) and diluted with hot distilled water (
This solution was basified with_O.

1 N NadH (10 d_extract i
(4x15 m) to yi dngerendentily,a sqélCE)?H\mi\ldrP"RrpS}MC%FﬁG 9 S‘){'bra ?t.e‘q}iwﬁ‘{
this oil showed withri wher @rofmoreacubstituentd, proydiaalkemdactenel salkenyd

benzene/ et hanol
39

by col um chr Om’sh@gtrlﬁﬂ @ BE’i gf %E@guﬁs}h&ﬁhgﬂuﬁirbo‘éﬁé‘liceir';ﬂ Qfroupy th

carbocyclic aryl group substituted with one or more substituents,
alkaryl group, alkaryl group substituted with one or more
substituents, aralkyl group, aralkyl group substituted with one
or more substituents, heterocyclic group, heterocyclic group
substituted with one or more'substituents, heteroaryl group, or
a heteroaryl group substituted with one or more substituents; and
R’ is independently a C,-C4 alkyl group, C,-C, alkenyl group, C,-Cs
alkyny1 group, an alkaryl group, or a substituted alkaryl group.

Especially preferred N,N,N’-trisubstituted guanidines
include  N,N’-di-(1-naphthyl)-N-methylguanidine, N,N’-di-(1-
naphthyl)-N-ethylguanidine, N,N’-di-(m-ethylphenyl)-N-methyl-
guanidine, N-(o-isopropylphenyl)-N’-methyl-N’-(1-naphthyl)-
guanidine, N-(m-ethylphenyl)-N-methyl-N’-(1-naphthyl)guanidine,
N-ethyl-N,N’-di-(m-ethylphenyl)guanidine, N-ethyl-N-(m-
ethylphenyl)-N’-(4-indanyl)guanidine, N-ethy1-N-(m-ethyliphenyl)-
N’-(4-indenyl)guanidine, N-ethyl-N-(m-ethylphenyl)-N’-(o-
iodophenyl)guanidine, N-ethyl-N-(m-ethylphenyl)-N’-(o-
isopropylphenyl)guanidine, N-ethyl-N-(m-ethylphenyl)-N'-(1-
naphthyl)guanidine, N-ethyl-N-{m-ethylphenyl)-N’-(m-methyl-
phenyl)guanidine, N-ethyl-N-(4-indanyl)-N’-(m-ethylphenyl)-
guanidine, N-ethyl-N-(4-indenyl)-N’-(m-ethylphenyl)guanidine, N-
ethyl-N-(o-iodopheny])-N'-(m—qthylphenyl)guanidine, N-ethyl-N-(o-
isopropylphenyl)-N’-(m-ethylphenyl)guanidine, N-ethyl-N-(1-
naphthyl)-N’-(m-ethylphenyl)guanidine, N-ethyl-N-{(m-
methylphenyl)-N’-(m-ethylphenyl)guanidine, N-isopropyl-N,N’-di-
(m-ethylphenyl)guanidine, N-isopropyl-N-(m-ethylphenyl)-N’-(4-
indanyl)guanidine, N-isopropyl-N-(m-ethyliphenyl)-N'-(4-
indenyl)guanidine, N-isopropyl-N-(m-ethylphenyl)-N’-(o-iodo-
phenyl)guanidine, 'N-isopropyl-N-(m-ethylphenyl)-N’-(o-isopro-
pylphenyl)guanidine, N-isopropyl-N-(m-ethylphenyl)-N'-(1-
naphthyl)guanidine, N-isopropyl-N-(m-ethylphenyl)-N’-{m-
methylphenyl)guanidine, N-isopropyl-N-(4-indanyl)-N’-(m-
ethylphenyl)guanidine, N-isopropyl-N-(4-indenyl)-N’-(m-ethyl-

20 m).
h CHC 3
C of
el ut ed
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CHC 3: EtOH, 1:1), 0.64g (469%. This pale yellow oil was dissolved
in nmethanol (5 m), then nethanol (5 m) saturated with HC gas was added
drop wise to yield a light tan foamof the HO salt after drying. This tan
foam was di ssolved into ethanol (1 m) and placed in an ether diffusion
chanbér for 5 days to afford white prisns, 0.28 g (29%, mp.

193-194[err]C. IR (KBr) 3343, 3303 (-NH), 1712 (carbonyl), 1653 (-C NH)
[err]H-NVR (CD30D) [err] 1.12 (t, 3H, J=718), 3.55 (q, 2H, J=7.2), 6.47 (d,

b S R, R G i 4

, 3

131.5, 131.16, 18bea¥))gyanidiné, >q N5 isqpropy] r%(g 115°PI29¥‘:P enyl -4 (s 1,

123.2, 121.9, 11§t8y1;ﬂli:h,ylma4\idﬁ£ 1N-5soprdpyd - Epcha;rl‘l’eh)de)l-Nd-(fnGr

C22H N302, 3 57. 145

N-(3[ E{ H/I phenyl ) szﬂn 158 Cffiv% ﬁ ?sopro@iaﬁpﬂmem ﬁ%?c’{lam i

(Conpound Xx1) et Y’nh?"ﬂbgqﬂ"i#mﬁm bmmxn-askmvmma N’ (4-

ﬁ(st ﬁt lhyllphenK![ hndNnyE)deMﬁmalm de N-aé@hyD-N2(rl-2thydbheny1)-N’ - ( 4t— o

na ori I r ar .

met hy p h\ﬁhap@‘i‘gmﬁfﬂﬁﬁ ‘iﬁm%ﬁgﬂﬁ?l{?? &g\ﬁ&ﬁ%hﬁ@ﬁé

The flask was eva I rator “Thi s
was i mredi ately ﬂP‘!ﬂ?éEM]M'&“H‘Eﬁeaﬂ‘é@t%df'éﬂrﬂt!ﬂlﬂhﬁuﬂdﬂﬁ' -$ord sepriopyled t o

phenyl)guanidine, N-methyl-N-(m-ethylphenyl)-N’-(m-
methylphenyl)guanidine, N-methyl-N-(4-indanyl)-N’-(m-
ethylphenyl)guanidine, N-methyl-N-{(4-indenyl)-N’-(m-
ethylphenyl)guanidine, N-methyl-N-(o-iodophenyl)-N’-(m-
ethylphenyl)guanidine, N-methyl-N-(o-isopropylphenyl)-N’-(m-
ethylphenyl)guanidine, N-methyl-N-(1-naphthyl)-N’-(m-ethyl-
phenyl)guanidine, N-methyl-N-(m-methylphenyl)-N’-(m-
ethylphenyl)guanidine, N-(8-coumarinyl)-N’-(3-ethylphenyl)-N’-
methylguanidine,  N-(1-naphthy1)-N’-(8-coumarinyl)-N-ethyl-
guanidine, N-(8-coumarinyl)-N’-(3-ethylphenyl)-N-ethylguanidine,
N-(1-naphthyl)-N’-(8-coumarinyl)-N-ethylguanidine, N-(1-
nabhthyl)-N'—(B-methylphenyl)-N’-methylguanidine, N-(1-naphthyl)-
N’-(3-nitrophenyl)-N’-methylgdanidine, N-(1-naphthyl)-N'-(3-
azidopheny1)-N’-methylguanidine, N-(7-fluoro-1-naphthyl)-N’-(3-
ethylphenyl)-N’-methylguanidine, N-(4-fluoro-1-naphthyl)-N’-(3-
ethylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(4-fluoro-3-
ethylphenyl)-N’-methylguanidine, N-(2-fluoro-1-naphthyl)-N’-(3-
ethylphenyl)-N’-methylguanidine, N-(5-fluoro-1-naphthyl)-N’-(3-
ethylphgnyl)-N'-methylguanidine, N-{8-fluoro-1-naphthyl)-N’-(3-
ethylphenyl)-N’-methylguanidine, ‘N-(1-naphthyl)-N’-(2-fluoro-3-
ethylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(6-fluoro-3-
ethylphenyl)-N’-methylguanidine, .N-(1-naphthyl)-N’-(2,4-difluoro-
3-ethylphenyl)-N’-methylguanidine, .N-(1-naphthyl)-N’-(2,6-
difluoro-3-ethyliphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-
(2,4,6-trifluoro-3-ethy1ph§hy1)-N'-methy]guanidine, N-(2,4-
dif]qoro-l-naphthyl)-N'-(3-ethy1pheny1)-N’-methylguanidine, N-
(2;4-difluoro-1-naphthy1)-N'-(3-ethy1pheny1)-N’-methy]guanidine,
N-(2,4,Sftrifluoro-l-naphthyl)-N'-(3-ethylphenyl)-N'—
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stir under N2 for 14 h. The resultant brown gl ass was di ssolved in nethanol
(5 mM) and diluted with hot distilled water (20 m ). This solution was
basified with 0.1 N NaOH (25 nl) and extracted with CHC13 (5x20 m) to
yield a browmn oil upon drying (540 ng). A TLC of this brown oil showed a

m xtute of reactants and product. Reactants were eluted by colum

chromat ography wi th benzene. The produ¢t was eluted with benzene/EtOH 2:1
(TLC Rl err]=0. GxthgHglan f&didd, 1: K)( mesf-ftondwormauenyphtm)owl' (880 ny

Lorr) 1 E*z(??at%h?'%ﬁ?nﬁwaeé?%? %ﬁiﬁs(?‘ii‘%ww%-wfhih?& O 3.
5.70 (broad s, dmﬂjuor@-35et;hy13he{rm)ﬂll'Hmewydssmﬂ)me{errN“N Iqrep13) ONB,
163.4; Ar, 145. :(%g i) A’ -14A4-8i Fridro-8-ethy Ipheny LM 2nethyVgudnidiae, & 125. 5,

T e e e R

CH2, 28. 2; C}{3
Found 317 1881methylguanidme, N-(4-fluoro-1-naphthyl)-N’-(4-fluoro-3-

ethylphenyl) N'-methylguan1d1ne, N-(4-fluoro-1-naphthyl)-N’-(6-
fluoro-3-ethylphenyl)-N’-methylguanidine, N-(8-coumarinyl)-N’-(3-
ethylphenyl)-N’-ethylguan.dine, N-(1-naphthyl)-N’-(8-coumarinyl)-
N-ethylguanidine, N-(8-coumarinyl)-N’-(3-nitrophenyl)-N’-
methylguanidine, "N-(8-coumarinyl)-N’-(3-methylphenyl)-N’-
methylguanidine, N-(8-coumarinyl)-N’-(4-fluoro-3-ethylphenyl)-N’-
methylguanidine, N,N’-di(8-coumarinyl)-N-methylguanidine, N,N’-
di(8-coumarinyl)-N-ethylguanidine, N-(2-fluoronaphthyl)-N’-(3-
methylphenyl)-N’-methylguanidine, N-(4-fluoronaphthyl)-N’-(3-
methylphenyl)-N’-methylguanidine, N-(5-f1uoronéphthy1)-N’-(3-
methylphenyl)-N’-methylguanidine, N-(7-fluoronaphthyl)-N’-(3-
methylphenyl)-N’-methylguanidine, N-(2,4-difluoronaphthyl)-N’-(3-
methylphenyl)-N’-methylguanidine, N-(2,4,5-trifluoronaphthyl)-N’-
(3-methylphenyl)-N’-methylguanidine, N-(2,4,8-trifluoronaphthyl)-
N’-(3-methylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(2-
fluoro-3-methylphenyl)-N’-methylguanidine, N- (1-naphthyl)-N‘-(4-
fluoro-3-methylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(5-
fluoro-3-methylphenyl)-N’-methylguanidine, N- (1-naphthy1)-N’-(3-
nitrophenyl)-N’-ethylguanidine, N-(1-naphthyl)-N’-(4-fluoro-3-
ethylphenyl)-N-methylguanidine, N-(l-naphthyl)-N’-(3-
trifluoromethylphenyl)-N’-methylguanidine, N(-8-coumarinyl)-N’-
(3-trifluoromethylphenyl)-N’-methylguanidine, N- (1-naphthyl)-N’'-
(3-trifluoromethylphenyl)-N’-ethylguanidine, and N(-8-
coumarinyl)-N’-(3-trifluoromethylphenyl)-N’-ethylguanidine.
The invention also relates to N,N,N’,N’-tetrasubstituted
. guanidines of the Formula (II):
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40 Exanpl e 15: Preparation of N-(3-Ethyl phenyl)-N-nethyl-N -ethyl-

- (1- napht hvl ) quani di ne ( Conpound XXl |) In a5 m round bottom fl ask
was placed N (3-ethylphenyl)- N-methyl cyanam de (626 ny, 3.91
nmol ), N-et hyl - N- (1- napht hyl )am ne hydrochl oride (859 ngy, 4.15 nmol) and
a stir bar. The flask was evacuated via aspirator and flushed with N2. This
was imedi ately placed in a preheated 160[err]C oil bath and allowed to
stir under N2 for 14 h. The resultant pgown gl ass was dissolved in
met hanol (6 m) and diluted with hot distilled water (20 m ). This solution
was basified with 0.1 N Na I"(25 n1) and extracted with CHC13 (5x m) to
yield a browni sh green md Nﬁ A TLC of this oil showed a=m xture
of reactants and product. | ants were eluted by col um chronat ography
w th benzene. The productgna nel uted with benzene/ EtOH 20: 1 (TLC
Rlerr]=0.064, CHCL3:EtOH, 1:1) to afford a pale greenish viscous oil, 460

ng (35.5%. IR (wieeéin RAR4, RO K'“NHire ifdaper(dentiyHh .C, Gy a1KH Nvidup,
(ChC[err]) [err 1 OO

(o err]) (erd e 0y Shoud £, alh oty bl Zofiin s 21
cycloalkyl group substituted with one or more substituents,
cycloalkenyl group, cycloalkenyl group substituted with one or
more substituents, carbocyclic aryl group, carbocyclic aryl group
substituted with one or more substituents, alkaryl group, alkaryl
group substituted with one or more substituents, aralkyl group,
aralkyl group substituted with one or more substituents,
heterocyclic group, heterocyclic group substituted with one or
more substituents, heteroaryl group, or a heteroaryl -group
substituted with one or more substituents;
or a physiologically acceptable salt thereof;
wherein said substituent is independently a halogen such as
chloro, fluoro, bromo, iodo, C,-Cg alkyl, C,-Cg alkoxy, cyano, C,-
Cis dialkylaminoalkyl, carboxy, carboxamido, C,-Cg alkylthio,
alilyl, aralkyl, alkaryl, C;-C; cycloalkyl, aroyl, aralkexy, C,-Cg
acyl, aryl, heteroaryl, an aryl fused to a benzene ring, a
heteroaryl fused to a benzene ring, C,-C, heterocycloalkyl, a C,-
Cs heterocycloalkyl ring fused to a benzene ring, C,-Cg alkyl-
sulfonyl, arylthio, amino, C,-C; alkylamino, C,-C,s dialkylamino,
hydroxy, hydroxyalkyl, carbamoyl, C,-Cs N-alkylcarbamoyl, C,-C.s
N,N-dialkylcarbamoyl, nitro, azido or a C,-C,s dialkylsulfamoyl;
and .
wherein said compound exhibits high binding to the PCP- receptor.

With reference to Formula (II), preferable 'N,N,.N’,N'—
tetrasubstituted guanidines are wherein R and R" are indepen-
dently a cycloalkyl group, a cycloalkyl group substituted with
one or more substituents, a cycloalkenyl group, cycloalkenyl
group substituted with one or more substituents, carbocyclic aryl
group, carbocyclic aryl group substituted with one or more
substituents, alkaryl group, alkaryl group substituted with one
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7.73 (m 11H Haromat). [err]CGNWR (CDC 3) CN3, 162.2; Ar, 145.9, 144.0,
140. 3, 133.7, 130.3, 127.9, 127.5, 125.5, 125.1, 125.0, 124.5, 124.4,
122.7, 122.6, 122.4, 120.4; NCH2, 46.2; NCH3, 39.1; CH2, 27.9; CH3, 14.8;
CH3, 12.5. Mass Spec. me calcd for C22H err] N3, 331.2048, Found,
331.2046. Exanple 16: Preparation of N-(1-naphthvl)-N-(mtolyl)-N -
met hyl quani di ne. HO ( Conpound XXII1) 13 a: N- cyano- N- net hyl

-3-toluidine. A &Oompkd QLS| tENRIIQIHRIRYOGrod,( drHRyY. grbap "EWstituted
di et hyl et her (10 _r{h)o was_adde a | Sol ut i
ife

. ded grﬁ%\n S& t'(.) St Heed on of].
N- et hyl - 3- t ol ui'BithePNE 0% foge SYRsTIHYeALS; heteraqycd iq QERUP oBEHATPCYR G o1 ) C
After the additignoupt substétutedowith xaner orwmoret substituents,odheteeoarxt at ure

for 14 h. A solgioup) &% t8 HeidrBa/1eGrobg 24udstVited OwBd dHed drGhore
precipitates were rg ved b Iltration.” The etherate solution was further
washed wi th aqueBl?s B¥SEINAS0 n, three tinmes) as well as brine (10 m),

dried over MgSOJR’ and IR’ &f aare indlependentlyna rGGeGdalkyl Tgrup, C,-C4 alkenyl
group, C,-C4 alkynyl group,. an alkaryl group, a substituted
alkaryl, a cycloalkaryl, or substituted cycloalkaryl group.

Especially preferred guanidines having Formula (II) are

those wherein R and R* are independently carbocyclic aryl groups,
substituted cycloalkyl groups, cycloalkenyl groups, cycloalkenyl"
groups substituted with one or more substituents, carbocyclic
aryl groups, substituted carbocyclic aryl groups, alkaryl groups,
substituted aralkyl groups, heterocyclic groups, substituted
heterocyclic groups, heteroaryl groups, or substituted heteroaryl -
groups; and R’ and R’’’ are C,-Cg alkyl groups. - ° - “particular
preferred N,N,N’N’-tetrasubstituted guanidines include N,N’-
diethyl-N,N’-di-(m-ethylphenyl)guanidine, N,N'-diethyiLN,N'-di?
(1-naphthyl)guanidine, N,N'-diethy1-N-(m-ethy]phenyl)JN'-(4-.'
indanyl)guanidine, N,N’-diethyl-N-(m-ethylphenyl)-N’-(4-indenyl)-
guanidine, N,N’-diethy]-N-(m-ethylphenyl)-N‘-(é-iedophenyl)-
guanidine, N,N’-diethyl-N-{m-ethylphenyl)-N’-(o-isopropylphenyl)-
guanidine, N,N’-diethyl-N-(m-ethylphenyl)-N’-(1-naphthyl)-
guanidine, N,N’-diethyl-N-(1-naphthyl)-N’-(m-ethylphenyl)-
guanidine, N,N’-diethyl-N-(m-methylphenyl)-N’-(m-ethylphenyl)-
guanidine, - N,N'-diisopropyl-N,N’-di-(m-ethy1phenyl)guanidine,
N,N’-diisopropyl-N- (m-ethylphenyl)-N’-(4-indanyl )guanidine, N,N’-
diisopropyl-N-(mJethylphenyl)-N'-(4-indeny1)guaniﬁine, N,N’-
diisopropyl-N-(m-ethylphenyl)-N’-(o-iodophenyl)guanidine, N,N’-
diisopropyl-N-(m-ethylphenyl)-N’-(o-isopropylphenyl)guanidine,
N,N'-diisopropyl-N-(m-ethylpheny])-NfJ(l-naphthyl)guanidine,
N,N’-diisopropyl-N-(m-ethylphenyl)-N’-(m-methylphenyl)guanidine,
N,N'-dimethy]-N,N'-di-(m-ethy]phenyl)guanidine,N,N'-dimethyl-N-
(m-ethylphenyl)-N’-(4-indanyl)guanidine, N,N'—diméthy]-N-(m-
ethylphenyl)-N’-(4-indenyl)quanidine, N,N’-dimethyl-N-(m-
ethy'lphen_y])-N’-(o-iodopheny'l)guanidine, N,N’-dimethyl-N-(m-
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41 product was obtained as a yellow liquid in 70%yield. I R
(CHerr]dJ[err]): 2240 cnferr]. b:

N- (1- naphthyl)-N -(mtolvl)-N -methyl quanidine. HOJ . A m xture of

N-cyano- N-nmet hyl -3-toluidine (0.47 g, 3.22 mmol) and 1-napht hyl am ne. HC
(0.54°g, 3 mol) in a5 mM round bottomflask was heated in a preheated oi
bath at 170- 190[err]C for 3 h under N2. The dark brown sol ution was all owed
to cool to roomte rature, and it becar® a rocky solid. The crude
product was f| asethy melt)dyr-&phedpmnybhem&gtgeidm. yN&\’ edimethyl-N-(m-

N\(I\l]j- naprllt hyl )t'\llatf(yﬂbhérﬁhylﬁ" -l = hw]%amﬂhne Hduwometﬁ ﬁ-)u ﬁoa white
povce oo ol RGP bt e b8 1 gl
6.847-7.972 (m HNINYdi-[(mrethelplienyl)guaidéne,) N- emlgu (mieﬂylnm.vls)-ﬂlli 6,
125- 8d C[Cfer; %Hgg -hhmgh 4{)/25&;;#’3@;1 4dmaine, NCechﬁ’ W(.ﬁledﬂ ,ﬁ\te%?% NN 12. 89%
NB};? hg” N ( 3. ni a'dﬂm}} (hisqpropﬂguanid?x e,rﬁpeﬁny}-ﬂ -(m-e et'?\a]i ahelng
(o-iodophenyl)-N’-isopropylguanidine, N-ethyl-N- (m-ethy]pheny])-
N’-(o-isopropylphenyl)-N’-isopropylguanidine, N-ethyl-N-(m-
ethylphenyl)-N’-(1-naphthyl)-N’-isopropylguanidine, N-ethyl-N-(m-
ethyl-phenyl)-N’-(m-methylphenyl)-N’-isopropylguanidine, N-ethyl-
N-(4-indanyl)-N’-(m-ethylphenyl)-N’-isopropylguanidine, N-ethyl-
N-(4-indenyl)-N’-(m-ethylphenyl)-N’-isopropylguanidine, N-ethyl-
N-(o-iodophenyl)-N’ - (m-ethylphenyl)-N’-isopropylguanidine, N-
ethyl-N-(o-isopropylphenyl)-N‘-{m-ethylphenyl)-N’-isopropylgu-
anidine, N-ethyl-N-(1-naphthyl)-N’-(m-ethylphenyl)-N’-
isopropylguanidine, N-ethyl-N-(m-methylphenyl)-N’-(m-
ethylphenyl)-N’-isopropylguanidine, N,N’-diisopropyl-N,N’-di-(m-
- ethyl-phenyl)guanidine, N,N’-diisopropyl-N-(m-ethylphenyl)-N’-(4-
indanyl)guanidine, N,N’-diisopropyl-N-(m-ethylphenyl)-N’-(4-
indenyl)guanidine, N,N‘-diisopropyl-N-(m-ethylphenyl)-N’-(o-
iodophenyl)guanidine, N,N’‘-diisopropyl-N-(m-ethylphenyl)-N’-(o-
isopropylphenyf)guanidine, N,N’-diisopropyl-N-(m-ethylphenyl)-N’-
(1-naphthyl)guanidine, N,N’ -diisopropyl-N-(m-ethylphenyl)-N’-(m-
methylphenyl)guanidine, N,N’-diisopropyl-N-(4-indanyl)-N’-(m-
ethylphenyl)guanidine, N,N’-diisopropyl-N-(4-indenyl)-N’-(m-
.ethy]phenyl)guanidiné,N,N'-diisopropyl)-N-(o-iodopheny1)-N'-(m- '
ethylphenyl)guanidine, N,N’-diisopropyl-N-(o-isopropylphenyl)-N’-
(m-ethylphenyl)guanidine, N,N’ -diisopropyl-N-(1-naphthyl)-N’-(m-
ethyl-phenyl)guanidine, N,N’-diisopropyl-N-(m-methylphenyl)-N’-
(m-ethylphenyl)guanidine, N-methyl-N,N’-di-(m-ethylphenyl)-N’-
isopropylguanidine, N-methyl-N-(m-ethylphenyl)-N’-(4-indanyl)-N’-
isopropylguanidine, N-methyl-N-(m-ethylphenyl)-N’-(4-indenyl)-N’-
isopropylguanidine, N-methyl-N-(m-ethylphenyl)-N’-(o-iodophenyl)-
N’-isopropylguanidine, N-methyl-N-{m-ethylphenyl)-N’-(o-
isopropyl-phenyl)-N’-isopropylguanidine, N-methyl-N-(m-
ethy]phgny1)-N’-(l-naphthy])-N’-isopropylguanidine, N-methyl-N- "
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napht hyl guani di ne Hydrochl ori de (Conmpound XXI V) A m xture of

1- napht hyl cyanam de (708 ng, 4.2 mmol) and N nethyl-3-nitroaniline
hydrochl 6ride (1.4 g, 7.3 mmol; Pristera, F., et al., Anal. Chem

32: 495-508 (1960); Katritzky, AR, et al., Oganic Prep. Proced. Int.
Briefs 21, No. 3 (1989)) was finely pulverized. The resulting greenish
yel l ow solid was pl aced in a pear fl askigequi pped with a magnetic stirring

nad formed noar Sperimve f;‘;iag‘?#wﬁ%@ﬁ woidine) o
I~

e i
and et hanol (10 ‘\T\ES("aHIS‘éBﬁ) "I'ﬁ\'llﬁl\lé'éal"("fs gpanidingy Ny xt ur e
was extracted vm'mehh;ét—hdﬂ-mdihud)ebk‘t-(mthmhetwh)s-lﬂédlsopwdphlguﬁni\hhbﬂ-bl dried

75 A T el gt o
g). This was pl y&n tbp-bsonrenylphemyd D581 - {nrehby behemnl) Ni4 ca gel
and eluted wit hsnpmpgbguangdmwulimtm u{(rlam;ihthyl)-m-l[(nr-ét]@lﬁhenﬂ yhe
oot ned and ovabol SHABbFEIGALStiel D) V-1 Wﬁ' A heth BB DL OB, 0 1
sol i d was triturckigaPbERy Jetiiad Senropyhahantdioe, ﬂngthyl -N,N’-di-(m-
ethylphenyl)-N’-methylguanidine, N-ethyl-N-(m-ethylphenyl)-N’-(4-
indanyl)-N’-methylguanidine, N-(ethyl)-N-(m-ethylphenyl)-N’-(4-
indenyl)-N’-methylguanidine,  N-ethyl-N-(m-ethylphenyl)-N’-(o-
iodophenyl)-N’-methylguanidine, N-ethyl-N-(m-ethylphenyl)-N’-(o-
isopropy]phenyl)-N'-methy]guanidine, N-ethyl-N-(m-ethylphenyl)-
N’-(1-naphthyl)-N’-methyl-guanidine, N-ethyl-N-(m-ethylphenyl)-
N’ -(m-methylphenyl)-N’-methylguanidine, N-ethyl-N-(4-indanyl)-N’-
(m-ethylphenyl)-N’-methylguanidine, N-ethyl-N-(4-indenyl)-N’-(m-
ethyl-phenyl)-N’-methylguanidine, N-ethyl-N-(o-iodophenyl)-N’-(m-
ethylphenyl)-N’-methylguanidine, N-ethyl-N-(o-isopropylphenyl)-
N'-(m-ethylpheny1)-N’-methy1guanidine, N-ethyl-N-(1-naphthyl)-N’-
(m-ethylphenyl)-N’-methyl-guanidine, N-ethyl-N- (m-methylphenyl)-
N‘-(m-ethylphenyl)-N’-methylguanidine, N,N’-di(1-naphthyl)-N,N’-
dimethylguanidine, N-(8-coumarinyl)-N’-(3-ethylphenyl)-N,N’-
dimethylguanidine, N,N’-di(8-coumariny1)-N,N’ -dimethylguanidine,
N,N’-di(8-coumarinyl)-N-methyl-N’-ethylguanidine, N-{1-naphthyl)-
N’-(3-nitropheny1)-N,N’-dimethylguanidine, N-(1-naphthy1)-N’-(3-
azidophenyl)-N,N’-dimethylguanidine, N-(8-coumarinyl)-N’-(3-
nitrophenyl)-N,N’-dimethylguanidine, N-(8-coumarinyl)-N’-(3-
azidophenyl)-N,N’-dimethylguanidine, N- (7-fluoro-1-naphthyl)-N’-
(3-ethylphenyl)-N,N’ -dimethylphenylguanidine, N-(4-fluoro-1-
naphthyl)-N’-(3-ethylphenyl)-N,N’-dimethylguanidine, N-(1-
naphthyl)-N’-(4-fluoro-3-ethylphenyl-N,N’-dimethylguanidine, N-
(1-naphthyl)-N’-(3-methylphenyl)-N,N’-dimethylguanidine, N-(8-
coumarinyl)-N-(3-methylphenyl)-N,N’-dimethylguanidine, N-(1-
naphthyl)-N’-(3-nitrophenyl)-N,N’-diethylguanidine, N-(1-
naphthyl)-N’-(3-azidophenyl)-N,N’-diethylgquanidine, N-(8-
coumarinyl)-N’-(3-nitrophenyl)-N,N’-diethylguanidine, - N-(8-
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42 m xture, including the insoluble sticky solid, was transferred to a
separatory funnel and the m xture was basified with NaOH The dark brown

et her | ayer was renoved and-then 1 N HC was added, causing a brown oil to
be deposited onto the sides of the funnel. The m xture was agai n nade basic
with 1 N NaOH and the aqueous | ayer was discarded The cl ear anber ether

| ayer was separated froma clunpy brown lid. The solid was dissolved in

acetone, filtered, and e filtrate was ed to, drynes t aken up
in chl or of or m arfPUBREWY ga'f 1] (ébﬁd@ﬂ?'}e&i"kh‘ &ﬁdi é’é@“a@?‘g‘l“ﬁg a?‘yg'l ow foam

This was trituraof bd ovmdhldmyaphltdury ‘a)\dNt'h-e( th-hdrhy\mp e wgtladd- N, NH -
;Eg-igéréfﬁfg . t y@ﬁ ﬁgs u Lhﬁft ace ﬁ%ﬁg)é sreated
with activated cﬂ; f&!‘éf‘yi( ﬂ‘ethtf)%'aﬁi%ar@(\}a%apﬁ'ﬂr‘]x r!d(ﬂh%'etj‘h Celite
and the fil trateBan&hytphnngﬂrN N’-diethylguanidine, N-(1-naphthyl)-N’-(3-
methylphenyl)-N,N’ -diethylguanidine, and N-(8- coumar1ny1) -N-(3-
methylphenyl)-N,N’-diethylguanidine.

Typical alkyl groups are, for example, methyl, ~ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, hexyl,
heptyl and octyl. :

Typical cycloalkyl groups have 3 to 12 carbon atoms, e.g.,
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, 1,4-methylene-
cyclohexyl, adamantyl, norbornyl, isobornyl, menthyl, cyclo-
pentylmethyl, cyclohexylmethyl, 1- or 2-cyclohexylethyl and 1-,
2- or 3-cyclohexylpropyl.

Typical cycloalkenyl groups have 5 to 12 carbon atoms and
include cyclopentenyl, cyclohexenyl, cycloheptenyl, and cyclo-
octenyl groups. _

Typical carbocyclic aryl groups include phenyl, 1-naphthyl,
2-naphthyl, biphenyl, phenanthryl, and anthracyl groups.

Typical alkaryl or aralkyl groups, e.g., of up to 18 carbon
atoms, may contain 1-3 separate or fused aromatic rings, e.g.,
phenyl, benzy],_ C,-C; alkylphenyl, nitrophenyl, azidophenyl,
naphthyl, 1- and 2-phenylethyl, 1-, 2-, or 3-phenyl-propyl; o-,

m-, or p-tolyl, m,m’-dimethyl-phenyl, 0-, m-, or p-ethylphenyl,
‘m,m’ -diethyl-phenyl, m-methyl-m’ -ethyl phenyl, o-propylphenyl,
and o-isopropylphenyl.

Typical heterocyclic aromatic rings including coumarinyl,
pyridyl, pyrazinyl, pyrimidyl, furyl, pyrrolyl, thienyl,
thiazolyl, oxazolyl, imidazolyl, indolyl, benzofuranyl and
benzthiazolyl.

Typical alkenyl groups include allyl, 2-butenyl, 2-pentenyl
and 2-hexenyl groups.

Typical alkynyl groups include 2-butynyl, 2-pentynyl and 2-
hexynyl groups.

--«-wg_"‘
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trated to 2 nl and allowed to stand at 4[err]C overni ght. The browni-sh
nmounds of crystals were collected and recrystallized twice from

acetonitfile affording 79 ng (5% of the title conpound as brownish
crystalline nounds, np 134-135.5[err]C. Hi gh resolution M 320.1273

(free* base). Calcd for {err]H err]N402, 320.1256. Exanple 18:
Prepar ati on of N-(7-fluoro-1-naphtt¥l)-N-(m

et hyl phenyl ) - N - net hyypgidani stofE grougty dnohude ocartienyl substituted bgotigound XXV)
a. m Et hyl ph C ' solution _of cyanogen brom de (3.31 g,
31.26 nmol ) in Eﬁ%‘}@ z%g%gh%ﬂ r"’}';'1€§c1|'ed sl ow y tH8 a st rre][ sol ution of
m et hyl ani | i ne (6. 06Typicab mnalkoxyn grours (EReINds  Lnlec oMHKOXY e dTAS 1 i ng at
roomte”peratUr‘iuﬁé%rit&ehoby&heﬁbWéi'I@stHdesgﬂi%ﬁ?spf m et hyl ani | ine -

0

Hied A

10 (2 x 20 m ). EvabuhEa) dReeedt ) o ied Rl etk EniRSranes U "

(3.85 g, 96.5% tebtrahydrupyianyilquipdperirtisyli,| rorplgiino candr rgyrrolidinyly,

N- m Et hyl phenyl - %gﬂ;t hyl cyanam de: A ‘sol utiion of m ethyl phenyl cyanam de
(1.46 g, 10 mmol) 2R

d ‘sodi um hydri dg (480 2 |, .PLewashed thrice
with hexane) in anhPdsehsti (%“lﬂeirgﬁ\ége @Stsé'gj%@)%ﬁ-"sét Q\ﬁ?‘]’& '?oo'r 2.5
hours. After it 4,209,004 0vindotporated herein by reference, the preferred of
which are described therein by the Formula (III):

NH

' (I11)
R—N —HNH—R"
wherein R and R' are each independently alkyl, cycloalkyl,
carbocyclic aryl, alkaryl or aralkyl. As a class, “these com-
pounds are -described in this patent as exhibiting a highly
selective binding activity to the sigma brain receptor. DTG
itself also exhibits a strong selectivity for the sigma receptor
(Weber, E., Sonders, M., Quarum, M., Mclean, S., Pou, S., &
Keana, J.F.W., Proc. Natl. Acad. Sci. USA 83, 8786-8788 (1986)).
In copending application serial no. 07/237,367, it is disclosed
that additional specific members of this class of disubstituted
guanidines exhibit a high binding activity for the PCP receptor.
It has now been determined that certain tri- and tetra-substi-
tuted guanidines also exhibit a high affinity for the PCP
receptor. Surprisingly, certain tri- and tetra-substituted
guanidines also exhibit exceptionally low binding to the sigma
receptor. Therefore, these tri- and tetra-substituted guanidine
compounds can be used in methods of treatment without effecting
sigma mediated physiological responses.

. Tri- and tetra-substituted guanidines can readily be
prepared by the reaction of an amine with a preformed alkyl or
aryl cyanamide (see Safer, S.R., et al., J. Org. Chem. 13:924
(1948)) or the corresponding N-substituted alkyl or aryl
cyanamide. This is the method of choice for producing H,N'-
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cool to room tenperature, nethyl iodide (3.5 g, 25 mml) was .

43 added and stirring was continued at roomtenperature for 2 hours.

Met hanol (10 ml) followed by water (20 ml) were added and then extracted
wi th dichloronethane (3 x 25 nml). Concentration of the organic |ayer

foll owed by quick flash chromatography afforded the title conpound (960 ny,
60% as a colorless liquid: IR (film: 220, 3400 cnferr]. A m xture

T uor or 1 am nofiani i Toust e ahiod B Iy iR TEn ey RURF bRt heat od | n
a pre-heated oil akatdvtatidé3ceY.r | (Fdrora Zrebedtosynthesis bhecasywimbtwiedl t o cool
to room tenpergiiifines, sb@%.J. Durant et al., J. Med. Chem. 28:1414 (1985),
and C.A. Maryanoff et al., J. Org. Chem. 51:1882 (1986),
incorporated by reference herein. : :

The ‘most direct route to symmetrical as well as unsym-
metrical N,N,N’-trisubstituted guanidines is the reaction of a
N,N-dialkylaryl amine with 1.2 equivalents of cyanogen bromide
(Cressman, H.W.J, Org. Syn. Coll. 3:608-609 (1955)), and then
heating the resulting disubstituted cyanamide in chlorobenzene
with one equivalent of an amine hydrochloride (Kavanaugh, M.P. et
al., Proc. Natl. Acad. Sci. (USA) 85:2844-2848 (1988)) of the
same parent partner (for a symmetrical compound) or the other
partner (for an unsymmetrical compound). The symmetrical
tetrasubstituted guanidines can be prepared by heating the N- -
monoalkylarylamine with 0.5 equivalents of cyanogen bromide in
ethanol or without solvent (Weber, E. et al., Proc. Natl. Acad.:
Sci, -(USA) 83:8784-8788 (1986)), whereas an unsymmetrical
guanidine is made by the reaction of a N,N-dialkylaryl amine with
1.2 equivalents of cyanogen bromide (Cressman, H.W.J, Org. Syn.
Coll. 3:608-609 (1955)) and then heating the resulting cyanamide
in chlorobenzene with one equivalent of the N-monoalkylarylamine
hydrochloride of the other partner (Kavanaugh, M.P. et al., Proc.
Natl. Acad. Sci. (USA) 85:2844-2848 (1988)).

“In a compositional aspect, this invention relates 'to-a
pharmaceutical .composition in unit dosage form and adapted for
systemic administration to a subject, e.g., a human being,
comprising per unit dosage an effective amount of a tri- or
tetra-substituted guanidine, wherein the tri- or tetra-substi-
tuted guanidine has a high affinity for the PCP receptor.

In another compositional aspect, this invention relates to
a neuroprotecting N,N,N’-trisubstituted guanidine which exhibit
a high binding activity with respect to the PCP veceptor in -

mammalian nerve cells, and the physiologically acceptable salts
thereof.
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resul ti ng' solid was taken up in dichloronethane and washed with 5% NaCH
solution. The organic layer was concentrated and the resulting residue was
treated at roomtenperature with 0.5M net hanol - HCl solution (10 m). I t

was concentrated and the resulting purple glass was purifi.ed by flash
chr on&it ogr aphy on silicagel

togi veN-(7-fluoro-1-naphthyl)-N -(met hyll9phenyl )-N - net hyl guani di ne
hydrochl oride (192 np, aSRAthés coipositionel aispettsl shisMigventi@vrélitesr] C. | R

§0 by 2, 458 r‘?’é‘oﬁv%ﬁt%{gh&gnen”@w;a&@g%@d sk AR OH
Anal . Cal cd fore)@blt]ﬂ[b\gh] kibwding ' wi ths respect;| tos the PW '?Eel?tzi“' "Found

C, 67.28, H 6. RQmaNianlﬂe\&Z celﬂ?@ﬁ&@phﬁiﬂwmh]Iynacai:table salts

N-Met hyl - N-(3-a 8 enyl ) - napht hl )quam di ne
Hydr ochl or.i de (élﬂﬁFﬁ d XXVI A mixture of 800

N-net hyl - N- (3-ni t rophenyme)thod agnecty Aiis hWygUammntes{ng@momhsﬁ'm 223 ny

of 30% Pd/ C, an‘éréa‘iiﬁﬂ oPf r@Hh%'i'Rd cmxﬁhﬁhmdgmmr dmrdémsmem:gf H2 at
47 psi for 28 h

filtered througﬁh?:-é-?'feﬁegue"fiﬁé ofi ﬁ]tl"PNé‘T 8‘”&5@""@3353’?‘&? ‘{Bgdr ':li;’s a\f‘wordl ng

t he di hydr ochl onewredegeneratigatdiseaseas tmmnigtmthg)admh&istm i°9u9f @ e for
the next reacti gffectivid hhdunt o¥Oh Wiri OdrOfetMaRbo¥{tuted guanidine having
a high affinity for- the PCP receptor to a subject in need of such
treatment. - Such tri- and tetra-substituted guanidines possess
utilities as non-competitive blockers of NMDA-receptor-mediated
effects.

In a further method aspect, this invention relates to a
method of ameliorating the neurotoxic effect induced by glutamate
interacting with the NMDA receptor of a nerve cell, comprising
administering to a subject, e.g., a human being exhibiting
symptoms of or susceptible to such neurotoxic effect, a tri- or
tetra-substituted guanidine having a high affinity for the PCP
receptor of the nerve cell in an amount effective to ameliorate
the neurotoxic effect. The term “high affinity" means the
compound exhibits an ICg of 1 uM or less in a PCP receptor
binding assay, more preferably, at most 0.5 gM, in a typical PCP
receptor assay as described below.

In another method aspect,' this invention relates to a
method of inhibiting NMDA receptor-ion channel related neuro-
toxicity comprising administering to a mammal a tri- or tetra-
substituted guanidine possessing a high affinity for the PCP
receptor of a nerve cell, in an amount effective to inhibit the
neurotoxicity.

In another method aspect, the present invention relates to
a méthod of treating Korsakoff’s disease, a chronic alcoholism-
induced condition, comprising administering to a mammal a tri- or
tetra-substituted guanidine possessing a high affinity for the
PCP receptor of a nerve cell, in an amount effective to treat the
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N- (3-am nophenyl) - N - (1-napht hyl ) guani di ne di hydrochl oride (86 ng), water
(8 nl) and concentrated HO (3 nl) was wapped in foil and cooled in
Oferr]C and then treated with NaNO2 (200 ng). The solution was stirred at
-10[err]C for 1.5 h and then NaN3 (100 np)

44 wa$ added. The solution was allowed to warnto 25[err] C and then was
was stirred for 22 h. It was cooled to O[,grr]C and then treated with 10%

i Vi ' ' ted wit 2Cl12 and
the ext ract s werdogpfbs PrkfrsRlhe s, Shimnte i on B Ml itpRaniSe ik BRE 27 Pone
brown oil (73 nynarkedly. attenyates |theaextent sof \cedl i toss, y hemdrehadesOand ) and
treated w th HClaniné Wcid cchaRgdichin (d GFali nodeTI6F RbrsaksfF’Vodidegisenipated to
dryness and the \angiags, P.J. et al:, Soc. Neurosci. Abstr. 14:774 (1988).

Therefore, the tri- and tetra-substituted guanidines of the
present invention have utility for the attenuation of cell loss,
hemorrhages and amino acid changes associated with Korsakoff’s
disease. i

Such tri- and tetra-substituted guanidines and other non-
competitive blockers of NMDA receptor-mediated responses can be
determined by a method involving: (a) determining the binding
affinity with respect to the PCP receptor by competitive
displacement of tritiated MK-801; (b) in vitro cytotoxicity
studies measuring the ability of the compound to prevent nerve
cell death caused by exposure to glutamate; and (c) determination
of in vivo neuroprotective ability using animal models.

Evaluation of the binding activity of organic compounds
with respect to the PCP receptor is performed using radioligand
binding assays. The compounds are tested to determine their
ability to displace tritiated MK-801 which is used to label PCP
receptors. Evaluating the competitive 'displ acement binding data,
the preferred compounds are those which exhibit a high affinity
(i.e., Tow ICs value) for the PCP receptors.

Under the PCP binding activity studies, an ICg4, value of at
most about 1 uM, preferably at most about 0.5 .M, indicates a
high binding affinity.

Under the sigma binding studies, an ICQp value of at least
1 uM indicates a low binding affinity. The sigma receptor
binding assay, preferably against *H-DTG, may be performed as
disclosed by Weber et al., Proc. Natl. Acad. Sci [USA) 83:8784-
8788 (1986), which is incorporated by reference herein.

In the neurotox'icity studies cultured mammalian neurons or
cell lines expressing EAA receptors are exposed in vitro to
glutamate and the compound under investigation. The amount of an
enzyme, lactate dehydrogenase (LDH), released from the cells into
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resi due was crystallized fromethyl acetate-hexane giving the title
conpound as a hygroscopic white powder (68 ng). Mp. 72- 74[err]C. Hi gh
resol uti on M5 316.1422 (free base). Calcd for err]Herr]Nerr],

316. 1436. Exanple 20: PCP Radioligand Binding Assays - PCP receptor
bi ndi hg assays were performed using rat hrain nenbranes as the sour ce of
receptors. The radioljgand used to | ab %’k ptors was erra]&Fi] MK- 801
(97 G /rmmol)  the mediumisasmepsure af (ge aﬁ'bl é Hopitroeeliofeathngi ng
assay protocol sagsay dsamscrbiesddnm (eater ddtdfilVBelo8cherz, MW, Quarum M,

S?g?g(r:zl sM S., and Vﬂ’e{ e H vll_w% %eﬁF&toxf@i’t 9§ d;ﬂ@ (%B%peﬁhbﬁéeaay in the

rat brai n

repare use | for
"det er gent - treaiﬂé‘éﬂnﬁﬁtﬂcﬁﬂ'&]‘ds (‘bé'ev otr phy, (M:ES JMM‘ ehm C.,
Lehmann, J., angdjik¥ Compdlifds %,Mdecﬁbaml in Biolog¥hebd. Ddidno,7ESF.784

(o5 aQ?ofééa?%%hgﬁi’hr°2f"“né°ﬁéﬁbri°2ﬁ£iﬁ93 °f"r8 W{SC it ardeh, POt & MO
nunber or affi thlshﬂgan) canbrrempbayedas [nidés pedel, 3“ MDA-gnjegtian intRi t h rat
menbranes, the bh@vwlemmhme hete! 6f ia alD Pup dcatisesl bFFIMTinYariynwRich1% Tri ton
N ot tpe™ elenbat R s pr b 5 S5 Y TG VO o
of test compounds to limit the NMDA-induced lesion is a measure
of their neuroprotective properties; and, since the compounds are
administered intraperitoneally, the model also provides informa-
tion about a compound’s ability to cross the blood-brain barrier.

As discussed above, the tri- and tetra-substituted guanid-
ines of the present invention exhibit high affinity for the PCP
receptor and low affinity for the sigma receptor. Thus, in
addition to the treatment of neurodegeneration and related
conditions discussed above, the guanidines of the present
invention may also be used as a pharmacological tool in an animal
model for the screening of potential PCP receptor ligands.

The compounds of this invention can be administered
intranasally, orally or by injection, e.g., intramuscular,
intraperitoneal, subcutaneous or intravenous injection, or by
transdermal, intraocular or enteral means. The optimal dose can
be determined by conventional means. Because most if not all of
the tri- and tetra-substituted guanidines employed in this
invention are substantially water insoluble, they are ordinarily
administered in the protonated form, e.g., as a pharmaceutically
acceptable salt of an organic or inorganic acid, e.g., hydro-
chloride, sulfate, hemi-sulfate, phosphate, nitrate, acetate,
oxalate, citrate, maleate, etc.

- The compounds of this invention can be employed in mixture
with conventional excipients, i.e., pharmaceutically acceptable
organic or inorganic carrier substances suitable for parenteral,
enteral or intranasal application which do not deleteriously
react with the active compounds. Suitable pharmaceutically
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endogenous ami no acid concentrations, and finally resuspended in buffer for
assay. dycine and 1-glutamate were each added back to a final
concentration of 1 pMto naximally stinmulate the [[err]H M-801 bi ndi ng.
The assays contain 400 ul of nenbranes, 50 ul of radioligand, and 50 ul of
buffetr or unl abelled drug. For [3H MK-801 binding, 1 nMradioligand
was i ncubated with 200 pg/m of rat brai2d nenbranes for 4 hours at room

tenperature. ccertab]e carriers include but gre not limited? 8o AldtePSSRYES Vere
stopped by rapid f tratlo under vac

h
What man GF/ 8 gl aSutigns, 13 ICPMS pY%gé’Té ‘ﬁsa Fystiviens,y BL¥RO1S; ni ne
using a Brandegelagth,wdlactoses! hmylose )y amigresiugBstexrake, Galthestlgig, MD).

The filters vere,ugshFlchtld GariffikS pirfiheSofl, fatty acid monoglycerides
and digiycerides, petroethral fatty acid esters, hydroxymethyl-
cellulose, polyvinylpyrrolidone, etc.  The pharmaceutical
preparations can be sterilized and if desired .mixed with
auxiliary -agents, e.g., lubricants, preservatives, stabilizers,
wetting agents, emulsifiers, salts .for inf'luencirig osmotic
pressure, buffers, colorings, flavoring and/or aromatic sub-
stances and the 1ike which do not deleteriously react with the
active compounds.

For parenteral application, particularly suitable are
solutions, preferably oily or aqueous solutions as well as
suspensions, emulsions, or implants, including suppositories.
Ampules are convenient unit dosages.

For enteral application, particularly suitable are tablets,
dragees or capsules having talc and/or a carbohydrate carrier
binder or the like, the carrier preferably being lactose and/or
corn starch and/or potato starch. A syrup, elixir or the like
can be used wherein a sweetened vehicle is employed. Sustained
release compositions can be formulated including those wherein
the active component is protected with differentially degradable
coatings, e.g., by microencapsulation, multiple coatings, etc.

Intravenous or parenteral administi'ation, e.g., sub-

. cutaneous, intraperitoneal or intramuscular administration are
preferred. The compounds of this invention are particularly
valuable in the treatment of mammalian subjects, e.g., humans,
wherein the pathophysiology of the disease involves excessive
excitation of nerve cells by agonists of the NMDA receptor.
Typically, such subjects include those afflicted with neuro-
degenerative diseases such as Parkinson’s disease, Huntington’s
disease, Amyotrophic Lateral Sclerosis, Alzheimer’s disease,
Down’s Syndrome and Korsakoff‘s disease. Also suitable for
treatment are those subjects suffering from or likely to suffer
from nervous system dysfunctions resulting from, for example,
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of cold 5 nMtris-HCO, pH=7.4. Each filter was suspended in 10 ml of
Cytoscint (ICN Bionedicals, Costa Mesa, CA) and radi o- activity was
measured® by liquid scintillation spectronetry at a counting efficiency of
50% Nonspecific binding was defined as that remaining in the presence of
10 pM MK-801 or 100 pM PCP. [[err] H CPP

(3-((t)2-carboxy-pi perazi ne-4-yl)-propyl 24- phosphonic acid) binding to the

N-met hyl - D- asparebﬁ? syYBR Herlea®RIE dé@@ﬁaﬁeiod NiHiBRY is Deffe 1@dsu®d - of J-
Pharm EXp. The 0:

778-784 (19 ffinit) t.e bi ndi t
t he kai nat e- typeh ?Waﬂ?%gluyéﬁ'é %é%ﬁ#@"ﬁﬁm@f’ 'Zflc{' |_ﬂlﬁe‘b‘? gg%le :_gtltng °
65: 47-52 (1986) )spmaidc[u@m rq-aqmwp/srypml[ candidateisn fors-tirgattmeny - tnclude
met hyl i soxazol ehypg Oﬂt(iﬁkc s’:t%ea tvram L4 ts@ume &vuswﬁ%,absmhwe

gl ut anat e receptor

Neur ochem Res. @E’EW?SR?&Z‘%’Y@BW W%F‘sysa%ﬁé uté"‘ﬂﬁ F%&hem%u }® rfenbr anes
prepared as desgotéetdahboomplication Sﬁdupatlem didivewsdr suﬁaﬁm&t efdomnd

| err] val ues Cantdd '

ngnb]runn (J. éﬁEﬁmﬂgﬁ Wg@g&@%%é § 198}3 i thd B E e co nds 1V
to X1l were tested fGr"’ig}l i ?ﬂg"?‘éﬁ 'F"eé% drPrafenrs ﬁénbranes
i n radioligand ctivergcompeands usedgwiHl edryvactqrding Hie | dhel km:tﬂfigands.

I(T)ELgrELﬂpOM& g%FWd%ﬂgtt&iifﬂﬂl thEpakEaPi© kompos6iond Fokauied, | n Table

the mode of application and the particular site of administra-
tion. Optimal administration rates for a given protocol of
administration can be readily ascertained by those skilled in the
art using conventional dosage determination tests conducted with
regard to the foregoing guidelines.

As the guanidines . of U.S. Patent No. 1,411,713, the
guanidines of the present invention may also be used a rubber
accelerators.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description, utilize
the present invention to its fullest extent. The following
preferred specific embodiments are, therefore, to be construed as
merely illustrative, and not limitative of the remainder of the
disclosure in any way whatsoever.

The entire text of all app]ications. patents and publica-
tions cited above and below are hereby incorporated by reference.

EXAMPLES

In the following examples, melting points were determined
in open capillary tubes on a Thomas-Hoover apparatus {compounds
melting < 230°C) or on a Melt-Temp (compounds melting > 230°C) and
are uncorrected. The NMR spectra of all compounds were recorded
on a General Electric QE-300, and chemical shifts are reported in
ppm relative to the residual signal of the deuterated solvent
(CHCI:,, 7 26 ppm, HCD,00, 3.30 ppm; TMS 0.00 ppm) IR spectra
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to VI1 had subm cronolar affinities for PCP receptors as judged by their
ability to displace the selective PCP receptor ligand frombinding to brain
menbranes fromrat (The nunbers in paren- theses in Table | indicates the
nunber of experinments). Also shown in Table | is the binding data for the
correspondi ng N, N - disubstituted guanidi ne not bearing an N-net hyl group
(N, N -di- (1- naphthyl)guanidine Conpou XIV N, N - di - (m et hyl phenyl ) -

Compound i ; N RESarg on A5 O B ET hfandh . P éﬂ*ﬁﬁeﬁ?‘ﬁé v nouna”

XVII). 1420 in CHCl, or neat. IR and NMR spectrq{pf all compounds are
consistent with their assigned structures. Elemental analyses
were performed by Desert Analytics (Tucson, AZ), or Galbraith
Laboratories -(Knoxville, TN). N,N-Diméthy]-1-naphthy1amine,
ethyl bromide, N-phenyl-1-naphthylamine, 3-ethylaniline, N-ethyl-
N-1-naphthylamine, BrCN, CH,I, 6-bromohexanoyl chloride, and
butyllithium (2.5M) were obtained from Aldrich Chemical Co., and
used as received. o-Toluidine was obtained from Aldrich and
freshly distilled by bulb to bulb distillation at reduced
pressure. Bromcresol green spray reagent was purchased from
Sigma Co. Dimethyl formamide and triethylamine were stirred in
CaS0,, distilled under reduced pressure, and stored over
molecular sieves. Chlorobenzene was freshly distilled from CaH,.
Ether and Tetrahydrofuran were refluxed over sodium and
benzophenone, -and freshly distilled under N,. A1l other solvents
were reagent grade. -

Example 1: Preparation of N-methyl-N,N’-di-(1- naphthxl)guanldzn
. Hydrochloride (Compound IV)

a. N-Methyl-N-(1-naphthyl)cyanamide. In a 2 neck round
bottom flask, equipped with a magnetic stir bar and reflux
condenser, was placed N,N-dimethyl-1-naphthylamine (4.35 g, 25.4
mmol, and BrCN (2.99 g, 28.2 mmol) in a single portion. This
suspension was placed in an oil bath (preheated, 90°C) and
allowed to stir and réeflux under N, for 21 hours. During this
time a gas was given off, detected by bubbler placed over the
reflux condenser. The reaction was followed by TLC, using
methylene chloride as the solvent and viewed under UV. After the
21 hours, the mixture was cooled, 100 m1 of ether was added and
the insoluble quatérnany salt (669 mg) was filtered off. The
ether filtrate was extracted with an aqueous SM HC1 solution (4
X, 30'ml) and washed with water (5 x, 20 ml). The ether was
dried over anhydrous granular K,C0,, filtered, then concentrated
to dryness, then distilled by bulb to bulb distillation at
reduced pressure to afford the yellow oil of the N-methyl-N-(1-
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In contrast, none of the conmpounds tested showed signifi- cant binding.
affinity towards the N-nethyl-D-aspartate-, kainate- or quisqual ate-type
glutamat e binding sites, assayed using [[err]H CPP, [H kainate and
[[err] H AMPA, respectively, as specific radioligands.

47

_ TABLE | PCP Recept or
Si gma Recept or . AffinitizS o Affinity
ICler]r in naphthyl)cyanamide;{2;37 g, 48%. b.p. 180°C/1.5 mm Hg (Cressman,
Homer, W.J., Org. Synth. collective vol.3, 608), 170-171°C/1 mm
Hg).

IR (COC1,) 3065, 2943, 2256, 2218, 1394 cm’'.
'H NMR (CDC1,) 67.92 (d, 1 H), 7.69 (d, 1 H) 7.56(d, 1 H), 7.33
(m, 4 H), 3.21 (s, 3 H).

b. In a 3 neck round bottom flask, equipped with a magnetic
stir bar and reflux condenser, was placed a suspenﬁioq of 1-
naphthylamine hydrobromide (181 mg. 0.834 mmol) in dry chloro-
benzene (5 ml) and allowed to stir under N, for 15 minutes. A
solution of N-methyl-N-{1-naphthyl)cyanamide (141 mg, 0.774 mmol)
in dry chlorobenzene was added dropwise to the naphthylamine
hydrobromide suspension over 2.5 minutes. The reaction was then
placed in a preheated oil bath (150°C) and refluxed for 5 days.
The reaction was followed by TLC (2:1 EtOH-CHC11,). The chloro-
benzene was then removed by evaporation by reduced pressure and -
heat. The resulting oil was then dissolved in EtOH (5 m1), 40 ml
of water was added and then the mixture was made basic by the
addition of 0.IN NaOH (12 m1). The solution was then extracted
with CHCl; (4 x 8 ml). and dried over K,CO,, and filtered. The
solvent was then removed to obtain a brown oil (322 mg). This
0il was dissolved in 1 ml CHC1, and placed on a prep TLC plate
and eluted with EtOH/CHCl; (1:1) one time. The band at Rf 0.2

was removed from the silica gel with EtOH and concentrated to
dryness (87.2 mg). This was then dissolved in EtOH (2 ml),
placed in an ice bath, and to it was added 5 N HCI (1 ml). The
resultant soluble salt was concentrated to dryness to afford a
purple oil. This purple oil was dissolved in EtOH (1 ml) and
placed in an ether diffusion chamber for 5 days to obtain dense
tan crystals. These were collected and taken back up on EtOH (1
ml) and decolorized with activating charcoal (20 mg) and filtered
off through a bed of Celite filter aid (0.5 cm) to obtain a clear
filtrate which was immediately placed in an ether diffusion
chamber. After one day the resultant mounds of white crystals
were collected and dried thoroughly to afford N-methyl-N,N’-di-
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Rat Brain Menbrane Qui nea Pig Brain Menbranes VS.

[ 3H MK- 801

vs. [3H DTG Conpound MEAN SEM (n)

MEAN *  4SEM  (n)  Type |V 115.5 11.4  (4)4800.8

130.0 (4) Tri-

(1) "Tri- X
Tetra- Xl
Tetra- Xl II
X'V

240.5 34. 0

X 146.3 36.7 (3) 6550
549.7 67.5  (3)10, 500 ' -- (1)
55 .- 26 10, 093 -~ (1)

9 naphtﬂ??)gu(a%sthne §16) (26.8 mg1 0. 017Q m28 10%), EH'X) 249 1) T{/i )
90. 1 6.0 (4) Tri- XV

168. 3 38.3 (I (KBr) 3075, 2925, I$58, 1619, P59, 1308) 139%em™ VI

859.2 62.5
22 (4)
2535.0  669.8
2550

1109 (1)

(%) R {50:90) 8. 1772‘*:‘.(2’01? 64:2, % (s,( ﬁ/\ | Tri- XV 102

35.4 11.1
3¢ MMR (CD5QD) CMy) 1158.6; Ar, 1388D, 336.8{5136.2,5132.0, 131.5,

13017, §6'3 12417, 120.3,.128.4°928.3, 128.0f 1iz7 5, 127.5,
127.6, 126.8, 122.9, 122.4; CH,, 40.81. -
Anal. Calcd. for C,MH,NHC1: C, 73.02; H, 5.57; N, 11.61.
Found: C, 73.15; H, 5.49; N, 11.74. | '

Example 2: Preparation of N,N’-di-(m-ethylphenyl)-N-methyl-
guanidine (Compound V)

-(m-Ethylphenyl)-N-methylcyanamide: A solution of m-
ethylphenylcyanamide (1.46 g, 10 mmol) and sodium hydride (480
mg, 20 mmol, pre-washed thrice with hexane) in anhydrous THF (10
ml) was heated at 80-85°C for 2.5 hours." After it was allowed to
cool to room temperature, methyl iodide (3.5 g, 25 nimo]) was
added and stirring continued at room temperature for 2 hours.
Methanol (10 ml) followed by water (20 ml) was added and the
reaction mixture was extracted with dichloromethane (3 x 25 ml).
Concentration of the organic layer followed by flash chromatog-
raphy on S$i0, afforded N-(m-ethylphenyl)-N-methylcyanamide (960
mg, 60%) as a colorless liquid: IR (film): 2220, 3400.cm".

b. A mixture of N-(m-ethylphenyl)-N-methylcyanamide (640
mg, 4 mmol) and m-ethylaniline hydrochloride (630 mg, 4 mmol) was
placed in a pre-heated oil bath at 160°C for 2.5 hours and then
allowed to cool to room temperature. The resulting solid was
taken up in dichloromethane and washed with 10% NaOH solution.
The organic layer concentrated and the residue was flash chroma-
tographed on Si0, to give N,N’-di-{m-ethylphenyl)-N- methyl-
guanidine (630 mg, 56%) as a colorless hqmd
IR (CHC1,): 1630, 3400, 3500cm™.

'H NMR (CDC1,): 81.21 - 1.29 (m, 6 H), 2 58 - 2.72 (m, 4 H), 3. 40
(s, 3 H), 6.79 - 7.33 (m, 8 H)
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XV 38.6 7.3 (6) 53. 8 5.2 (4) Di-

XVI | | 3 68.7 14.4 (3) 10,724 1,389. (3) Tetra-

XI X 80.0 3.9 (4) 2,787 291.2 (3) Tri- XX
123.0. 18.0 (2) - 18, 477 2, 276. (4) Tri- XX

86.8 ~ 20.3 (2) 1,211 56.0 (4) Tetra- XX

96. 9 5.1 (2) 2,291 169.6 (4) Tetra- XX |

85. 2 6.9  (Jhal. Calcd for CyaH 2c 751§5;Q| 8(a) N,Tni:93. XN.Md c 86.
9.1 (2 %b Tri- XXV "1 5.6
(5) 75@w“8°%ﬂ6 TH- XXV 68. 1 -

3, 000 Tr|- Tetra- is tetrasubstituted, Tri- is

trlsubstltuted &ﬁh]gi

1phen uanidine Hydrochloride (Compoun

a. Iso niline oride.  o-Isopropylaniline
(11.2 g, 79.1 mmol) was dissolved in ether (60 m1) and the ether
saturated with HC1 gas was added dropwise to afford a white
precipitate. The precipitate was collected and dried (13.0 g).
The precipitate (2.23 g, 13.6 mmol) was dissolved in ethanol (6
ml), activated charcoal (500 mg) was added, and the mixture was
filtered through celite filter aid. The resultant clear filtrate
was placed in a centrifuge tube and ether (28 ml) was added
slowly to give white needles (1.06 g, 6.16 mmol). mp 183-184°C.
'H-NMR (CD,0D) 1.30 (d. 6), 3.10 (sept, 1), 7.32 (m, 2), 7.43-7.54
. (m, 2)
b. N-Methyl-N-(1-naphthyl}-N’-(o-isopro henyl)quanidine.
In a § ml round bottom flask was N-methyl-N-naphthylamine (227
mg, 1.25 mmol) and o-isopropylaniline hydrochloride (236 mg. 1.37
mmol) and a stir bar. This yellowish mixture was heated and
flushed with N, for 2.5 hrs. The resultant tan glassy oil was
cooled, dissolved in methanol (2 ml) and a small fraction was
removed and spotted on a TLC plate which was eluted with
CHCl5:EtOH (2:1). The TLC showed a spot with Rf 0.0-0.1 that
gave a blue spot when sprayed with bromcresol green spray reagent
(obtained and used as received from Aldrich Chemical Co.), and
faint spots of the starting materials with Rf‘s 0.6-0.7. The
remaining tan solution was added to water (20 ml), then 0.1 N
NaOH (10 ml) was added to this solution in a single portion to
create the free base. The milky solution was then extracted with
CH,C1, (4x, 10 ml1), dried over K,C0,, filtered, and concentrated
to dryness to give a brown oil (375 mg). This brown oil was
absorbed onto silica gel (100 mg) and placed on top of an 18 g
pre-eluted CH,CT, silica gel column. The column was eluted with
CH,C1, (50 m1), CH,C1,:EtOH (25:1, 50 ml), CH,C1,:EtOH (10:1, SO
ml), then CH,Cl,:EtOH (1:1, S0 ml). TLC’'s (eluted with

5
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48 Exanple 21: Sigma Receptor Binding Assay Met hods. Signma re
bi ndi ng assays using guinea pig brain menbrane honogenates and the

radi ol i gand
P.N. A S.

brains (Biotrol,

| ce-

centrifuged at
centrifuged at

| ndi anapolis, IN) were honogenized in 10 vol unes (

cold 320 n1\/| sucrose using a Brinkmapgpol ytron. The honmpgenate

]218'&8{) (§>€0I5iJ lop %gtét{ntgkgneﬁf aetacﬁ[ﬁfaf:i '(3& IJFﬁ f?&k?ﬁ[) Qﬁ{ﬁ

m nutes at 4[e

was resuspended 1ike 1B of 10.d] werst (combined sy rﬁW‘WﬂtSi‘m tBu#r.YaﬂeS&t g‘p
and centrifuged gtford a0 &p’le&bfﬂoﬂﬁomﬂ\ nuikas wals Glenr digsolvedTif dt@ewl ting

7.4),

and the fi

pel | et was resusg@l oFﬁ e\ggls%] tgﬁ%ﬁmﬁfciﬁ&ggé qﬂ;g?déy Jtrdga rﬂ'?

cept or

[[err] H DTG were conducted as descri bed by Wber et al.,
(USA) 83:8784- 8788 (1986). Briefly, frozen whol e gui nea-p

i g

w v) of
was

nt was
pel | et

H7.4

(pH
ation of

3 ng/m . Aliquotsplgblecsatuticsr @astn‘r@edaun ?OFQ!TW]@anttﬂbe uandd ethex h no
detectabl e | oss gftupited Qﬂth HC1 gasF@4s h@bﬂ@iﬁ:ﬁli@é"ﬂﬂ Sésdwésa §1h%k§

menbr ane suspen5|on

7.4y,

To 12 x

purp?e l?d lsa\,{?l ﬁfﬁ‘o&log de sa'lfQ’ 386 ™ -Hnésstht

solid was concentrated to dryness then dissolved mto EtOH (1 ml)
and placed in an ether vapor diffusion chamber for 2 days to
afford light .pink prisms. The prisms were collected and dried,
dissolved back into EtOH (Iml) then filtered through celite
filter aid after the addition of activated charcoal (40 mg). The
filtrate was then placed in an erlenmeyer flask and placed into
an ether vapor diffusion chamber to afford after 1 day 1ight pink
prisms (205 mg, 46%), m.p. 231-232°C.

'H NMR (ambient, CD,0D) 1.03-1.24 (broad d, 6), 3.61 (s, 3), 7.21-
7.47 (broad m, 4), 7.65-8.08 (m, 7). 13C-NMR (CD;0D), CN; 157.8;
Ar, 146.7, 138.2, 130.1, 129.5, 128.8, 128.6, 127.7, 127.0,
126.9, 126.3, 126.0, 124.9, 120.9; CH, 39.1; (CH,),CH, 62.7, 27.9,
22.3. IR(KBr), 3062, 2969, 2869, 2750, 2363, 1975, 1662, 1619,
1550, 1444, 1406, 1206, 1088 cm'. Mass spec. m/e calcd. for
CaHaalNy 317.1892, found, 317.1890.

xample 4: eparation of N-(1- thyl)-N’-(m-ethylphenyl)-N’-
me ani droc e (Compo Vil

A mixture of m-ethylphenyl-N-methylcyanamide (520 mg, 3.25
mmol) and l-aminonaphthalene hydrochloride (508 mg, 3.25 mmol)
was placed in a pre-heated oil bath at 160°C for 3 hours and then
allowed to cool to room temperature. The resulting solid was
taken into dichloromethane and washed with 10% NaOH solution.
The organic layer was concentrated and the resulting residue was
dissolved in abs. EtOH (2 ml1) and treated with dil. HC1. It was
concentrated and the solid was twice recrystallized from abs.
EtOH-Et,0 to give N-(1-naphthyl)-N’-(m-ethylphenyl)-N’-methy]-
guanidine hydrochloride (403 mg, 37%) as off-white need\es
mp 223- 25 C. :

rozen
(pH
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75 mm pol ystyrene test tubes were added 0.8 m of diluted nenbrane
suspensign, 0.1 m of [[err]H DTG (Dupont/NEN) to yield a final
concentration of 1.4 nM and 0.1 m of unl abelled drugs or buffer. The
protein concentration in the 1-nl final incubation volunme was 800 ug/ni,
corresponding to 32 ng of brain tissue (@piginal wet weight) and to a

ti ssue concentr thip th |near range for specific binding.

Non- speci fic bi ?1@1 ﬁ@*%’g héq gﬁd %E% that r enai ni ng in the presence of 10 pM
hal operi dol . | ncHoMR ¢EB,0Dpr S1t2Sn{taBeld, If & &h.9Mx)ri 2ufdds(@t 2rihoih =
tenperature by agddi ﬁit)ﬁ%%fss Prd 3qjgd|f%coladof3mvlﬁrh /HC (pH 7.4) and

rapid filtration of spens atman G-/ B
gl ass-fiber filtAmd. Gaded foa&;ﬁmmh n§- a704§1wé||-| .83} N, 324365 t kaund Br andel ) .

The filters werec wagipd ¥, 6lsLsywiehet M of 50 mM Tris/HCO (pH 7.4). Each
filter was suspended in 10 n Q/t oscint (ICl), and radioactivity was
nmeasured by liquid scintillation spect rorret ry at a countl ng effl ci ency of

approxi mat el y 50Bxamp¥el &¢ r |Propavabionwf | aphbbivid el n -Negr essi on
anal ysi s. The results a i upd V. e.
a. m-Ethylphenylcyanamide. @A solution of cyanogen
bromide (3.31 g, 31.26 mmol) in Et,0 (25 m1) was added slowly to
a stirred solution of m-ethylaniline (6.06 g, 50 mmol) in Et,0
(50 m1) and continued stirring at room temperature for 6 hours.
A white precipitate of m-ethylaniline hydrobromide (4.46 g) was
filtered off, and the filtrate was washed with H,0 (2 x 20 ml).
Evaporation of ether layer afforded the title compound (3.85 g,
96.5%) as a thick liquid.
IR (film): .2225.cm™.:

b.  N-(m-Ethylphenyl)-N-ethylcyanamide: A suspension of
m-ethylphenylcyanamide (2.26 g, 15.45 mmol) and sodium hydride
(820 mg, 34.2 mmol, pre-washed thrice with hexane) in anhydrous
THF (20 m1) was heated at 80-85°C for 2.5 hours. After it was
allowed to cool to room temperature ethyl bromide (4.66 g, 42.76
mmol) was added and continued stirring at room temperature for 6
hours. Methanol (20 m1) followed by water (40 m1) were added and
then extracted with dichloromethane (3 x 25 m1). Concentration
of the organic layer followed by quick flash chromatography
afforded the title compound (2.36 mg, 88%) as a tht ye1'low
liquid: : -

IR (film): 2220 cm“.

c. N-{1-naphthyl)-N’-(m-ethylphenyl)-N’-ethylquanidine
A mixture of N-(m-ethylphenyl)-N-ethylcyanamide (500 mg, 2.86
mnol) and 1-aminonaphthalene hydrochloride (520 mg, 2.86 mmol)
was heated in a pre-heated oil bath at 160°C for 2 hours and then
allowed to cool to room temperature. The resulting solid was
taken in dichloromethane and washed with 10% NaOH solution. The
organic layer was concentrated and the resulting residue was
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49 As can be seen in Table 1, in conparison to the correspond- ing

di substi tuted guanidi nes, certain trisubstituted guanidines of the

i nvention unexpectedly exhibit high binding affinity to the PCP receptor
but | ow binding affinity to the sigma receptor. Thus, these trisubstituted
guani di nes can be used as sel ective PCP Ilgands Exanple 22: In Vitro
Neur ot oxi city Assay a. Cell cultu Di ssoci ated rat hi ppocanpal

cul tures were pr re dlchatl of th t ha t ner and
Cul e Ver e, PIARS SHeoiSkofha Bl LEh AT 8 RS REIRRGN) I DL
(1986)). Newbor rethnlplnenlam -Nf fethaalgupupsnweﬁﬁgﬁu g S7%p & @ Wdght brown het i zed
with chloral hydrggfg.and cortices with hippocanpi attached were renpved and

placed in d fr m suppl emented with 1 nM kynurenic
acid and 10 niM ﬁ@s&'ﬁ%e?ﬂésg@oﬁbg @ared of neni nges, washed and
i ncubat ed 'H NMR (CDCY,): & 1.28 (t, 3 H, J = 7.6 Hz), 1.36 (t, 3 H, J =

7.0 Hz), 2.70 (q, 2 H, J = 7.6 Hz), 4.08 (q, 2 H, J = 7.0 Hz),

7.52 - 7.05 (m, 9 H), 7.82 (dd, lH,J-666and321Hz),82
(t, 1 H, J = 5.96 Hz)

Example 6: Preparation of N,N’-Di-(1-naphthyl)-N-ethyl-quanidine
drochloride {Compo IX)

a. Preparation of N-ethyl-N-(l1-naphthyl)cyanamide. A
mixture of cyanogen bromide (3.32 g, 31.3 mmol) and N,N-diethyl-
1-naphthylamine (5 g, 25 mmol) was heated at 100° C for 4 hours
under nitrogen. It was then allowed to cool to room temperature,
ether was added, and the insoluble N,N-diethyl-1-naphthylamine
hydrobromide was filtered off. The ether layer was washed with
15% aqueous HC1 solution (2 x 50 ml), water (2 x.50 ml), and
dried over MgSO,. It was filtered, concentrated and the residue
was flash chromatographed on silica gel to give N-ethyl-N-(1-
naphthyl)-cyanamide (2.34 g, 48%) as a yellow thick liquid.

b. P ration of N.N’-Di-{1-napht -N-ethyl-quanidine
Hydrochloride A mixture of 1-naphthylamine hydrochloride (520

mg, 2.9 mmol) and N-ethyl-N-(1-naphthyl) cyanamide (570 mg, 2.9
mmol) was heated under nitrogen at 180°C for 3 hours. It was
allowed to cool to room temperature to give a transparent light
brown solid. It was dissolved in dichloromethane (35 ml) and
washed with 10% aqueous NaOH solution (10 m1) and then dried over
NasO,. It was filtered, concentrated, and the residue was flash
chromatographed on silica gel to give a colorless thick liquid.
It was treated with 0.5 M methanol-HC1 solution at room tempera-
ture for 4 hours and then concentrated to give a bright white
solid (230 mg, 22.5%)

IR (CHC1,): 1650, 3400 cm™.

NMR (CDCla)- 61.21 (t,3H,J=17.5 Hz) 3.68 (q, 2H,J=17.5
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for 20 min at 37[err]C in dissociation nmediumcontaining 10 units/m of
Papai n (Wrthington). After the enzynme treatnent, the tissue was incubated
for three 5-mnute periods at 37[err]Cwith 10 ng/m trypsin inhibitor

(Sigma type I1-0). The cells were dissociated by trituration in
growth nmedi um and a 50 ul cell suspension was added to each well of 96 well
mcrotiter plates (Falcon) containing 501ul growth medium per well. Prior
to use the 96 \ERhiplpl Ihteﬂwimmmmmm ng/ m )
and lamininn (2 ug/n) (gGaghthyouadidénextydeachlgride (Epmpoungd X

, pt ated at a
density of 5 x 10[err] per el | A r[e o] 100 Per wel | .

The growth medi um wads EalitBhes : ( AE I"é s salts)
suppl ement ed vmmhncﬁ%fmnandtwwasepmum@my)l 1-5wpm(y1mu\esub|sllegmnt ed cal f

R T L 0 p A X
at 37[err] C i n ldghtupucnie ed ‘4“3%'@52"%“515’1 it WEY%“]?"“’ "'°“FH g" wer e
mai ntai ned i n ayspelision Wast divge1vedNid @théro (BOamigrandt booikedi immanufceni t hout -
the fetal bovi "Bath " ¥6 the E?oled solution was added ether (25 ml) saturated
with HCl1 gas to afford a 1ight purple solid which was collected
and dried. The purple solid was then dissolved in MeOH (20 ml)
with heat and allowed to sit undisturbed to form light pink
leaflets of the HC1 salt (963 mg, 3.77 mmol, 60%) m.p. 164-167°C.
b. -Methy1-N’-phenyl-N.N’-di-(1-naphthyl)guanidine
Hydrochloride In a § ml round bottom flask was placed N-methyl- .
N-(1-naphthyl)cyanamide (447 mg, 2.45 mmol; Cressman, H.W.J.,
Org. Snyth.. Coll., Vol. III, 608 (1955)), N-phenylnaphthylamine
hydrochloride (668 mg, 2.61 mmol) and a stir bar. The flask was
evacuated via aspirator and flushed with N,. The reaction vessel
was then placed in a pre-heated 150°C oil bath and allowed to
stir under N, for 3 h. After 5 min a tan melt resulted which
darkened to a brown color. after 15 min. The brown melt was then
cooled to room temperature and dissolved in MeOH (5 ml). The
brown solution was then poured into a separatory funnel
containing 0.1 N NaOH (30 ml) to give a milky tan oil which was
extracted with CH,C1,. The fractions were combined and concen-.
trated to dryness to afford a brown oil (990 mg). The brown oil
was dissolved in ether (20 ml) and resulting precipitate was.
filtered off and discarded. The brown ether solution was
extracted with 1 N HC1 solution (5 x 10 m1) and all extracts were
combined. The tan solution was then made basic by the addition
of NaOH pellets to pH 12 and extracted with CH,Cl, (4 x 10 m1) to
afford a purple oil (439 mg) upon concentration to dryness. The
purple o0il was deposited onto silica gel (500 mg) and placed on
top of a silica gel column (20 g, 3 cm diameter). The column was
eluted with 50 ml1 of increasing amounts of CH,Cl, in hexane

followed by increasing amounts of EtOH in CH,Cl1,. TLCs were then
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50 vol ume nedi a exchanges were perfornmed twice weekly until 15 to 16 days
in vitro_when cytotoxicity assays were perforned. , b. Gutamate

| nduced Neurotoxicity/ Lactate Dehydrogenase Assay. Cul tures were
assessed m croscopically and only those plates with uniform neuronal :
densities were used in the glutamate neurotoxicity trials. Autgmate trials
were carried out at roomtenperature withzall sol utions warnmed to 37[err] C

Qultures were nasRefl ofNifh mwod dnd' CHREESRLH Pbited SO T GhsorBldt

sol ution" (CSS) sci. T:
So7- 268 (1957). SBAt af K, 050Gy lwhemduter ¥l th sﬂéaz«feapu mg ans ahtieout f er ed

for IO][" 7. 36 Raﬂcdwvedn@?exmeaeﬁmr DrofidreSyE (g ﬂe@ntﬁbrﬁh Y&d t ggugh the

ol taneously. SRE0THSH NS coertRated T RyIESE 8 bR Jravlih oY 1500

achi evi ng uni f omg) drﬁgisCoiﬂ:uns dissadned in ether (15 ml) and filtered. The
ether filtrate was cooled in an ice bath and ether, saturated
with HC1 gas, was added dropwise to give a 1ight green oil (49.5
mg) upon drying. The oil was dissolved in EtOH (0.5 ml) and
placed in an ether vapor chamber for 2 days to afford N-methyl-
N’ -phenyl-N,N’-di-(1-naphthyl)guanidine hydrochloride as crystal-
line starlets (30.3 mg, 0.070 mmol, 3%) m.p. 270-272°C. ‘H-NMR
(CD,0D) 3.60 (s, 3), 6.80-7.64 (broad m, 19). IR (KBr) 3520,
3438, 3045, 2934, 1674, 1598, 1568, 1486, 1416, 1393, 1275, 1117,
1076, and 1018 cm™. Mass spec. m/e calcd. for C,gH,N;, 401.1892,
found 401.1880.

Example 8: Preparation f N-Methyl-N’-ethyl-N,N’-di-
naphthyl)quanidine hydrochloride (Compound XI)

a. N-Ethyl-1-naphthylamine Hydrochloride: In a 50 ml
centrifuge tube was placed N-ethyl-1-naphthylamine (1.57 g, 9.16

mmol) dissolved in ether (20 m1). To this solution was added
ether, saturated with HC1 gas, to afford a light pink preci-
pitate. The precipitate was collected and dried. The preci-
pitate was then dissolved in MeOH (50 ml), decolorized with
activated charcoal (150 mg) and filtered through a bed of Celite

P filter aid to afford a 1ight tan solution. The excess MeOH was
evaporated leaving an o0il which formed white needles upon
standing. Ether was added to the mixture (12 ml) and the
suspension was allowed to stand for 20 h. The resulting light
pink needles were collected and dried (1.48 g, 7.12 mmol, 78%).
m.p. 218-220°C. ‘H-NMR (Co;0D) 1.44 (t, 3), 3.36 (q, 2), 7.59-
8.08 (m, 7). : ’

b. N-Methyl-N’-ethyl-N.N’-di-(1-naphthyl)guanidine
hydrochloride In a 5 ml round-bottom flask was placed N-methyl-
N-(1-naphthyl)cyanamide (594 mg, 3.25 mmol1)*, N-ethyl-1-naphthyl-
amine hydrochloride (678 mg, 3.25 mmol, 1.01 eq);and a stir bar.
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and elimnating the risk of exposing the cells to air. Drugs are-tested
agai nst 500 pMglutamate using nmultiple 1/2 fold dilutions (usually 7) of
test substance to give a dose response curve and 3 controls which include
500 pM gl utamate al one, test drug al one (highest concentration) and CSS
al one. One 96 well plate is used per drug to give a sanple size of 8 and
trials are repeated several tines. Fol 83w ng the CSS washes where all
traces of serunTheflaskwag evacliated ¥iz aspirnador tthen Fdushedawithedposthe for 5

minutes to the g 5&'?8:?%&%‘1'&&}35%‘3 jiaekd ciataggme@? PRl fohe drug

sanme drug concen ratlons ta hree CSS wgshes are
repeated and 1080 “aﬂH?u adugllygi Sgi? e ! ﬁéd "Qr% yehlewmeH a1 wells
and the plates Jhts was Iaﬂm&Ctooyﬁlrmr@bt' N3t foB73.6r ] O\fterCIl{eeiﬁqlcatudubat or.

The gl ut anmat e- |nduce of n e te t he
level s of |actat-&® ‘He ﬁcgﬁg%@"?ﬁ%glq‘sag *b@f'g{??% gﬂ r]rg')e ng into the
medi um by dead @ait d@ﬁng"mled dtes come ttioe room Agmpeyatures @nd oWQﬂg I‘Eisamat e
insult as descrigpeshibud Kﬂhneﬁﬂd(ﬁm&’ (&m&\lemms%mmhhmﬁ ?ﬂ:ed83n 90

(907)) 1S sbRebes bRy 28, b1l 30 ARG g S0, 7

Medi a sanpl es aiC¥,el (4ex 1@dnli)« ofrhmfracmpnswamchﬁayé@ndmongm"mﬂord i ng

to the protocol (JuagaaissdedYaffobECcd! @ BFY EL5978P! | CAd AWR o011 was
deposited onto silica gel and placed on top of a silica gel
column (20 g, 3 cm diameter) and eluted with increasing amounts
of CH,Cl1, in hexane followed by CH,Cl,, CH,Cl1,:EtOH (50:1),
CH,C1,:EtOH (4:1) and EtOH. TLCs were taken and those fractions
with a UV absorbent spot at Rf 0.0-0.15 when eluted with
CH,C1,:EtOH (8:1) and a blue color when sprayed with bromcresol
green spray-reagent, were combined and concentrated to dryness to
afford a tan oil (499 mg). The tan oil was dissolved in ether
(10 m1) and filtered. To the filtrate was added ether saturated
with HC1 gas to afford a tan oil. This oil was then dissolved in
EtOH (1 m1) and placed into an ether vapor diffusion chamber for
two days to afford a tan foam when dried (439 mg). A portion of
the tan foam (121 mg) was converted back to the free base by
addition of 0.1 N NaOH and extraction with CH,C1, (4 x 8 m1). The

. free base, a tan o0il, was dissolved in ether (20 ml) then
extracted with 1 N HC1 solution (4 x 8 m1). The combined yellow
aqueous extract was then made basic by addition of NaOH pellets
to pH 12 and extracted with CH,C1, (4 x 8 m1) to give a tan glassy
oil (108 mg). The tan oil was dissolved in ether (4 ml) and
cooled in an ice bath. Ether (25 ml) saturated with HC1 gas was
added dropwise to afford a tan foam (95.2 mg) after evaporation
of the solvent. The tan foam was dissolved in EtOH (2 ml1) and
placed in an ether vapor diffusion chamber for 4 days to afford -
a tan oil which gave a tan foam (68.0 mg) upon drying. TLC
revealed a single spot at Rf 0.02-0.10 when eluted with
CH,C1,:EtOH (8:1)... The tan-foam.was then dissolved.in CHC1;-(0.5




51 Bulletin, 012-A using the Ml ecul ar Devices Kinetic Mcropl ate Reader.
Results are nornalized to the LDH val ues obtained in the glutamate al one
controls. A nmeasure of the potency of each conpound tested is nade by
estimating fromthe dose-response curve the concentration of the conpound
that inhibits 50% of.the glutamate-induced LDH rel ease. Thi's estimate is
called the ED[err] dose. | guani d&nes tested were able to inhibit

Al

Detween enferr] B0 dBg Sdne et Vo, e, CAPHES 10aR SR O O P

(denot ed by the fomedspofrdithis ashaddedshexane THS mElirtoppoedusei acwhite
cloudy mixture and upon standing at -20°C for 3 days a few white
crystalline starlet mounds formed. These crystals were collected
and dried (8.10 mg, 0.021 mmol). m.p. 135-137°C. 'H-NMR (CD,0D)
1.18 (broad t, 3), 3.45 (s, 3), 3.89 (broad q, 2). 6.67-7.67
(broad m, 14). ‘’C-NMR (CDCl,, free base) CN, 163.7; Ar, 143.0,
141.0, 134.4, 131.0, .130.0, 127.8, 127.7, 125.9, 125.8, 125.6,
125.5, 125.4, 125.3, 125.1, 124.89, 124.8, 123.7, 122.6, 122.4,
86.6; CH;, 40.4; CH,CH,, 47.3, 13.3. IR (KBr, .HC1 salt) 3037,
2913, 2463, 2363, 2338, 1656, 1556, 1525, 1506, 1394, 1263, 1100,
1075, 1050, 1019 cm’. Mass Spec ‘(HC1 salt) m/e calcd. for
CaqHasN,, 353.1892, found 353.1889.

Example 9: Preparation of N-Methyl-N’-(m-ethylphenyl)-N-{}-

naphthyl)quanidine hydrochloride !Comggun_d XII)

a. : 3-Ethylaniline Hydrochloride. - In a 50 ml.centrifuge
tube was place 3-ethylaniline (1.34 g, 11.1 mmol) dissolved in
ether (20m1). To this solution was added ether (25 ml),
saturated with -HCL, to give a white precipitate which was
collected and dried. The white powder was dissolved in EtOH (2
ml) and crystallized by dropwise addition of ether (15 ml) to
give white leaflets (1.21 g, 7.64 mmol, 69%), m.p. 159-160°C.

b. - -N’-{m-e =N-(1-napht idine
hydrochloride In a 5§ ml round-bottom flask was placed N-(1-
naphthyl)-N-methylcyanamide (491 mg, 2.70 mmol; Cressman, H.W.J.,
Org. Snyth., Coll., Vol. III, 608 -(1955)), 3-ethylaniline
hydrochloride (383 mg, 2.43 mmol, 0.9 eq, m.p. 159-160°C) and a
stir bar. The flask was evacuated via aspirator and flushed with
N,. The reaction vessel was immediately placed in a pre-heated
150°C 0il1 bath and allowed to stir under N, for 4 h. After 2 min
the reaction became a light yellow melt. After the 4 h, the
yellow melt was allowed to come to room temperature and then it
was dissolved in MeOH (2 ml). This yellow solution was then
added to a separatory funnel with 0.1 N NaOH (40 m1) which was
extracted -with CH,Cl, (4x, 8 m1). .The.fractions were combined and
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potencies of the four N,N,N -trisubstituted guanidines are closely
correlated to their affinities for the PCP receptor. Exanple 23: In Vivo
Neur ot oxi city Assay The experinental nodel of McDonald, J.W, et al.,
supra, was enployed with the single alteration in protocol of an

I ntraperitoneal injection of the test conpound 15 m nutes follow ng, rather
than preceding, the cerebral NVDA inj ect:J" on. Only Conpound VII was tested

N his assay a0fcliab &l i arfe 0330 okP A0k £4PBYD. (824 Mg}00 THED! / kg of
body wei ght, tocoﬂfgﬁé‘g agai né’P e lesions caused b l6 N} ection.

These obser vat i ¢ark tan ohk vwas disselyed ip pthey; M%&ffr’&g"pygﬁ%ﬁ#&éﬁr operties
of the substit ukgfdpUstedi i Reseparatarynfurmel tandt extrabtedwith af 1iMilCiles for

[ the subst it Uicadlpuacadl o ™ with af 11 Wikl e
uani di nes of ATt AR RINN  Jhe el Laydifel Ehid walte Fayic' b9

0_ahy known
NVDA channel bl addidien aftNafl pedletsitopeib 12 ther, extrgcted with eé!'b%ﬁr?/on of

conpounds previ eX¥trdet WaSécentrated t&WrPRdss kb afiford% Aad ANA(725S.
Application Ser

only conpounds Iﬂé'0#3"?18‘7‘{“(23317113'%;&%9@?%89@Zsﬁﬁisa,egﬁzﬁmp‘gggﬁr{l‘hggisg’es,

benz-f -i soqui noplddedam toplofté Silticacged ¢olumm (38 9,n3 comadiamaten).pdher eceptors.

(see column was eluted with increasing amounts of CH,Cl, in hexane
followed by CH,C1,, CH,C1,:EtOH (50:1) and EtOH. TLCs were taken
of each fraction and those fractions which produced a UV absor-
bent spot at Rf 0-0.15 when eluted with CH,C1,:EtOH (8:1) and a
blue spot when sprayed with bromcresol green spray reagent were
combined and concentrated to dryness to afford a tan oil (543
mg). This tan oil was dissolved in ether and filtered. " The
filtrate was cooled in an ice bath and ether, saturated with HCl
gas, was added to afford.a light .tan foam of the HCI salt after
drying (470 mg). ~This tan foam was dissolved into EtOH (1 ml)
and placed in an ether vapor diffusion chamber for 2 days to

" afford a tan oil. Upon drying, the tan oil formed a Tight tan

foam that became a 1ight tan powder (337 mg, 1.11 mmol, 41%) m.p.
56-66°C. 'H-NMR (CD,00) 1.23 (broad t, 3), 2.65 (broad g, 2),
3.61 (s, 3), 7.05-7.35 (broad m, 4), 7.61-7.75 (m, 4), 7.93 (d,
1), 8.03 (d, 2). ' (CDCl,, free base) CN,, 152.2; Ar, 145.3,
139.8, 134.6, 130.5, 129.8, 128.9, 128.4, 128.3, 127.1, 126.5,
126.0, 125.8, 123.2, 122.5, 122.2, 120.8; CH,, 38.8;'CH,CH,_, 26.8,
15.3. IR (KBr) 3056, 2969, 2931, 2875, 2363, 2338, 1644, 1594,
1550, 1506, 1456, 1406, 1263, 1169, 1044 cm’.

Example 10: Preparation of N,N'-di-(;-ﬁaghthy'l)-N-phény]guanidine
hydrochloride (Compound XIII

N-Phenyl-1-naphthylamine hydrochloride (820 mg, 3.2 mmol)
was finely ground with 1-naphthylcyanamide (540 mg, 3.2 mmol) and
the resulting purple powder was heated under a N, atmosphere at
175°C for 2 h. The resulting sticky brown oil (911 mg, 67%) was
treated with a mixture of CH,C1, (25 m1) and 1 N NaOH (25 ml1) and
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Zukin, R S. and Zukin, S.R, Trends in Neurosci., in press (1988); Sonder s,
MS., Keana, J.F.W and Wber, E., Trends in Neurosci. 11(1), 37-40 (1988);

Wwng, E.HF., Kenp., J. A, 52
Priestly, T., Knight, AR, Wodruff, GN and Iversen, L.L., Proc. Natl.
Acad. USA 83, 7104-7108 (1986)). The precedi ng exanpl és can be

repeated with simlar success by substit4gting the generically or

speci fically degg{KeRefh bCsphrdtioby FurAEN. OMHRI aduedls AQAPEY WaO éxtPicted S

i nvention for thQ e E,Fdﬂlg{l t he "@r.ﬁc gll ngi e?aanégl.ess. e ext Fr'geat_t{ﬁ

foregoi ng descr Wht G'E,.?o the rombjined onggnic frackions were extracted with o

essential charadt®riCiti ctheofaquduus extract iwas, basified with NaOH and the
resulting cloudy white mixture was extracted with CH,C1,. The
extract was dried over K,CO;, filtered, and evaporated, giving a
tan oil (824 mg). TLC (CH.Cl,) showed two spots, R, 0.0 and 0.7,
the lower spot gave a characteristic guanidine color with
bromcresol green. The o0il was chromatographed over silica gel
(12.7 g). Elution with CH,C1, gave the staring amine. Continued
elution with EtOAc gave the guanidine free base as a tan oil (533
mg). A 30 mg sample of the oil was dissolved in ether and
treated with HCl-saturated ether. Evaporation gave a yellow
precipitate (33 mg, 99%) which was taken up in EtOH and placed in
an ether diffusion chamber to give grayish needles of the
hydrochloride salt (31 mg, 98%), mp 194-198°C.

ample 11: Preparaton of _N.N’-di-methyl-N.N’-di-(1-
paphthyl )quanidine hydrochloride (Compound XVIII)

In a 5 ml round bottom flask was placed 546 mg (2.99 mmol)
N-methyl-1-naphthylcyanamide (Cressman, Homer, W.J., Org. Synth.,
collective vol. 3, 608.), 576 mg (2.89 mmol) N-methyl-1-
naphthylamine hydrochloride (von Braun, Heider, and Muller, Ber.,
51, 281 (1918)) and a stir bar. The flask was evacuated via
aspirator and flushed with N,. This was immediately placed in a
pre-heated 150°C oil1 bath and allowed to stir under Nz_fo'r 4 h.
The resulting brown glass was dissolved in MeOH (2 m1) and added
to 0.1 N NaOH (30 m1), ut_nich'was extracted with CH,C1, to afford
a red oil upon drying (1.08). The 0il was treated with ether (20.
ml) and the resulting precipitate was collected and discarded.
The ether filtrate was extracted with 1 N HC1 solution and the
combined layers were made basic by the addition of NaOH pellets
(500 mg) to pH 12 and extracted with CH,C1, to afford a red oil
upon dryipg (1.05 g). The oil was deposited onto silica gel and
placed on top of a silica gel column (20 g, 3 cm diam.) and
eluted with hexane, increasing ratios of hexane:CH,C1,, CH,C1,,
increasingt’rjgti?ﬁpf CH,C1,:EtOH, and EtOH. A TLC was ‘taken of
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and wi thout departing fromthe spirit and scope thereof, can make-various
changes and nodifications of the invention to adapt it to various usages
and condi tions. 1. A neuroprotecting

N, N,N -trisubstituted guani dine having the fornula:

37
each fraction and those fractions with an Rf 0.0-0.02 when eluted

with CH,C1,:EtOH (8:1) and a blue color when sprayed with
bromcresol green spray reagent were combined and concentrated to
dryness to afford a tan oil (505 mg). The oil was treated with
ether (20 m1) and the resulting precipitate was filtered off and
discarded. - The ether filtrate was cooled in an ice bath and
ether (10 m1) saturated with HC1 gas was added dropwi se to afford
a tan foam upon collection and drying. The tan foam was
dissolved in EtOH (1 ml) and placed in an ether vapor diffusion
chamber for 2 days to give white starlet crystals. These were
collected and dried in vacuo and recrystallized from EtOH:ether
(1:4) to afford the title guanidine salt as white elongated laths
(232 mg, 0.618 mmol, 21%). M.p. 258-260°C when sample is heated
from room temperature to a green melt. When the sample is placed
at 210°C it immediately melts to a colorless melt slowly turning
green as temperature is increased. When the sample is placed in
at 130°C and slowly increased to 137°C, it melts to a_colorless
melt. When this same sample is cooled to 120°C, it resolidifies
and melts again into a green melt at 258-260°C. ‘'H-NMR (CD,0D)
3.48 (s, 3), 6.90-7.65 (m, 14). ‘3C-NMR (CD,0D) CN,, 162.7; Ar,
139.5, 135.9, 129.7, 139.5, 128.1, 127.4, 126.4, 126.2, 122.0;
CHy, 42.63. IR (KBr) 3194, 2969, 1681, 1656, 1544, 1506, 1413,
1394, 1294, 1231, 1119, 1088, 1044, 1019, 881, 806 cm'. Mass
Spec. m/e caled. for C,,H,,N;, 339.1735, found 339.1726.

Example 12: Preparation of N-(Coumarin-8-v1)-N’-(3-ethylphenyl)-
! -methylgua oride (Compound XIX)

In a 5 ml round bottom flask was placed N-(3-ethylphenyl)-
N-methylcyanamide (626 mg, 3.91 mmol), 8-aminocoumarin
hydrochloride (818 mg, 4.15 mmol) and a-stir bar. The flask was
evacuated via aspirator and flushed with N,. The reaction vessel
was immediately placed in a pre-heated oil bath at 150°C and
allowed to stir under N, for 24 h. After the 24 h, the brown
melt was dissolved in methanol (5 ml) and diluted with hot
distilled water (25 m1). This yellow solution was then added to
a separatory funnel with 0.1 N NaOH (15 m1) which was extracted
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[err] wherein RR R and R' are independently a Cferr]-Cerr] al kyl group,
C2-Cerr], al kenyl group, C2-Clerr] al kynyl group, a cycl oal kyl group,
cycl oal kyl group substituted by one or nore substituents, a cycl oal kenyl
group, cycloal kenyl group substituted by one or nore substituents,
carbocyclic aryl group, carbocyclic aryl group substituted -by one or nore
substituents, al karyl group, al karyl group substituted by one or nore
rodg substituted with one or nore

substituents, aralkyl rou% ar al kyl |
substituents, he‘t’ktlhogifgbi c The SHE1s feactiens were cgringd sands eencaptnatey one or
nore substituent go dRfiess A" ¥ffodd QUBarkOtarfofE(90CREY! AP YRS byt ed by
one or nore substltugﬁants;i o a°3.h§§|r2L?()H(g| calolb‘% a-ccspta | e sali t.her eof ;
wherein sai d subSiMEd @i xture of, starting, compaynds and; preducty o SEartana,
al kyl, ( err]- (| eamppundskwene, etutedoby celwnechiiomdtegraphyaoveroalitida gehr boxy,
car POX?E‘ flo, C eqith- bdrdehd. a*rkal.irba]nmt wid )éhuteillr ety bfnﬂnkfétxahnmcl%-:?ﬁ |
cycl oal kyl, aroy X b -C.err].ac yl, hetero , ,an ary
fused to a benzek]g'c?#"%wa%ﬁ&%?@{irﬁq[)f'ﬂ%d]ey'et \Sle'%?"gfer?{eﬁ’g"ﬂ'%g?%ﬂgt[ err]
het erocycl oal kyl a tan@idy rq.56go(44%) he TRt tyn lodhivag! disisotvedune sletianal benzene
ring, Clerr]-Cegigd u}) ifled UhdtATNd1 (5 all)t Bitmatdli WPth He?' §ds Ghs ddked' KV! -

dropwise to yield a light tan foam of the HC1 salt after drying

(600 mg). This tan foam was dissolved into ethanol (1 ml) and

placed in an ether vapor diffusion chamber for 2 days to afford

the title guanidine salt as pale yellow prisms (500 mg; 40%).

M.p. 250-252°C. IR(KBr) 3349, 3297 (-NH), 1718 (carbonyl) and

1660 (C=NH). 'H-NMR(CD,0D) & 1.23 (t, 3H, J=7.5), 2.68 (q, 2H,

J=7.5), 3.54 (s, 3H), 6.51 (d, 1H, J=9.6), 7.23-7.66 (m, 7H, H-

aromat), 8.02 (d, 1H, J=9.6). 'C-NMR(CD,0D) CO, 160.9; CN,,

157.6; Ar, 149.9, 148.1, 145.3, 142.2, 131.5, 131.1, 129.3,

129.2, 126.9, 125.7, 124.7, 123.9, 121.3, 117.3; NCH,, 40.8; Ar-

CH;, 29.2; CHy, 15.3. Mass Spec. m/e calcd for C,gHeNs0,,

321.1477; Found, 321.1477. '

Example 13: Preparation of N-(Coumarin-8-y1)-N’-ethyl-N’-

a lguanidine hydrochloride {Compound XX

In a 5§ ml round bottom flask was placed N-ethyl-N-1-
naphthylcyanamide (766 mg, 3.91 mmol), 8-aminocoumarin
hydrochloride (818 mg, 4.15 mmol; Clayton, J., Chem.Soc. 97: 1350
(1910)) and a stir bar. The flask was evacuated via aspirator
and flushed with N,. This was immediately placed in a preheated
160°C oil bath where it was allowed to stir under N, for 9 h.
The resulting greenish brown melt was dissolved in methanol (5
ml) and diluted with hot distilled water (20 ml). This solution
was basified with 0.1 N NaOH (10m1) and extracted with CHC1,
(4x15 ml) to yield a yellowish brown oil upon drying (910 mg).
A TLC of this oil showed a mixture of reactants and product.
Reactants were eluted by column chromatography with benzene. The
product was eluted with benzene/ethanol 8:1 (TLC R,=0.44,
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-

am no, .C2-C[err] dial kyl ami no, hydroxy, hydroxyal kyl, carbanmoyl, Clerr]-
J err] N-.al kyl carbanmoyl, C2-C15 N, N-di al kyl carbanoyl, nitro, azido or
C2-C err] dial kyl sul fanoyl ; and wherei n said guani di ne exhi bits high
binding to the PCP receptor in manmalian nerve cells. .

54 2. A neuroprotecting N,N, N -trisubstituted guani di ne which
exhibits a high binding activity with respect to the PCP receptor in
mamal i an nerve CHElJ:§t0Hyhel:A)n 0264y ol48%) di ndhis pale yellow o0il was

ey i sh A 47, S sl b B e
HC1 gas was added drop wise to y¥e d a 1ight tan foam of the HC1
salt after drying. This tan foam was dissolved into ethanol (1
ml) and placed in an ether diffusion chamber for 5 days to afford
white prisms, 0.28 g (29%), m.p. 193-194°C. IR (KBr) 3343, 3303
(-NH), 1712 (carbonyl), 1653‘(-C=NH). 'H-NMR (CD,OD) & 1.12 (t,
3H, J=7.2), 3.55 (q, 2H, J=7.2), 6.47 (d, 1H, J=9.3), 7.30-8.12
(m, 11H, H-ayomat and one olefinic). '>C-NMR (CD,0D) CO, 161.4;
CN;, 157.6; Ar, 145.7, 136.6, 136.1, 132.5, 131.7, 131.5, 131.16,
130.12, 130.0, 129.5, 129.4, 129.4, 127.3, 126.2, 124.1, 123.2,
121.9, 117.8; CH,, 58.4; CH,;, 18.5. Mass Spec. m/e calcd for

CoHigN;0,, 357.1477; Found, 357.1453.

Example 14: Preparation of N-{3-Ethylphenyl)-N,N’-dimethyl-N‘-(1-
npaphthyl)quanidine (Compound XXT1) ‘

In a 5 m1 round bottom flask was placed N-(3-ethylphenyl)-
N-methylcyanamide (340 mg, 2.18 mmol), N-methyl-1-naphthylamine
hydrochloride (440 mg, 2.28 mmol) and a stir bar. The flask was
evacuated via aspirator and flushed with N,. This was
immediately placed in a preheated 160°C oil bath and allowed to
stir under K, for 14 h. The resultant brown glass was dissolved
in methanol (5 m1) and diluted with hot distilled water (20 ml).
This solution was basified with 0.1 N NaOH (25 m1) and extracted
with CHCl; (5x20 m1) to yield a brown oil upon drying (540 mg).
A TLC of this brown oil showed a mixture of reactants and
product. - Reactants were eluted by column chromatography with
benzene. The product was eluted with benzene/EtOH 2:1 (TLC
R=0.09, CHCI,:EtOH, 1:1) to afford a pale yellow oil, 380 mg
(56%). IR (neat) 3323 (-NH), 1690-1570 (broad, -C=NH). 'H-NMR
(CDC13) 8 1.02 (t, 3H, J=7.5), 2.35 (q, 2H, J=7.5), 2.96 (s, 3H),
3.27 (s, 3H), 5.70 (broad s, 1H), 6.45-7.73 (m, 11H, H-aromat).
'SC-NMR (CDC1,) CN,, 163.4; Ar, 145.9, 144.4, 142.5, 134.0, 129.7,
128.2, 127.8, 125.9, 125.5, 125.3, 125.1, 123.6, 123.1, 123.0,
122.5, 120.8; NCHy, 40.1; N'CH;, 39.4; CH,, 28.2; CH,, 15.0. Mass
Spec. m/e caled for C,H,N;, 317.1892, Found, 317.1881.
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napht hyl ) guani di ne, N-(m et hyl phenyl)-N nethyl -N - (1-napht hyl )- guani di ne,
N- (I -napht hyl )-N -(m et hyl phenyl)-N -et hyl guani di ne,
N, N - di -(I - napht hyl ) - N- et hyl guani di ne, N-net hyl -N - (m et hyl -

phenyl ) -N- (| - napht hyl ) guani di ne, N, N -di - (I -napht hyl ) - N-

phenyl guani di ne, N-(8-coumarinyl)-N -(3-ethyl phenyl)-N -.

nmet hyl guani di ne, N-(8-coumarinyl)-N -(3-ethyl phenyl)-Nethyl guani di ne,
N- (1 - napht hyl ) - NE-éS methyl phenyl)- N - 4Gy g

N- ( 1- napht hyl ) - § "ﬁf‘%ﬁﬂ ~

N- (I - napht hyl)-N -(3-azi dop Acicanimiias
(7-fluoro-1-napht hyln ans m@:-‘meum)bbptmﬂa)skwa-s pmaqlﬂgmw‘mwnyl)-
4-fluoro-1-nag xu*Ly%amiﬁé ef(h?é phﬂy%" )3Nsr ”ﬁm?j' gu'mgﬁ%}geﬂ (@t

(
511 napht hyl ) - N Bﬁéio%gx*ﬁosKWé gg . 4nr§§ ru% di fle: "o a

siologically &
-Di - (I - napht iy )ﬂ&krm:hyi:gnahedjlvme asp1rator afd flushed wnth N,. This

o Psonrooy O RO AARE L2 kit Joig o arom,

m Et hyl pheny| $0 Nstir ¥pdeny Ny fona t‘h-yl )Bl?arreeﬂ nt brown glass was
dissolved in methanol (6 m1) and diluted with hot distilled water
(20 m1). This solution was basified with 0.1 N NaOH (25 m1) and
extracted with CHC1; (5x20 m1) to yield a brownish green oil (920
mg). A TLC of this oil showed a mixture of reactants and
product. Reactants were eluted by column chromatography with
benzene. The product was eluted with benzene/EtOH 20:1 (TLC
R=0.064, CHC1,:EtOH, 1:1) to afford a pale greenish viscous oil,
460 mg (35.5%). IR (neat) 3484, 3394 (-NH), 1635 (-C=NH). 'H-NMR
(CDC1,) 6.1.00 (t, 3H, JI=7.5), 1.14 (t, 3H, J=6.6), 2.32 (q, 2H,
J=71.5), 2.91 (s, 3H), 3.72 (q, 24, J=6.6), 5.62 (s, 1H), 6.34-
7.73 (m, 11H, H-aromat). '3C-NMR (CDC1,) CN,, 162.2; Ar, 145.9,
144.0, 140.3, 133.7, 130.3, .127.9, 127.5, 125.5, 125.1, 125.0,
124.5, 124.4, 122.7, 122.6, 122.4, 120.4; NCH,, 46.2; NCH,, 39.1;
CH,, 27.9; CHy, 14.8; CHs, 12.5. Mass Spec. m/e calcd for
CaHaeNs, 331.2048, Found, 331.2046.

h

FFZZZEFZ

NN

Q(M: Preparation _ of N-(]l-naphthyl)-N‘-(m-tolyl)-N’-
methylguanidine.HC] (Compound XXIIT)

a: N-cyano-N-methyl-3-toluidine. A solution of cyanogen
bromide (1.59 g, 15 mmol) in diethylether (10 ml) was added
dropwise to a stirred solution of N-methyl-3-toluidine (2.91 g,
24 mmol) in diethylether (90 m1) at 0°C. After the addition, the
reaction mixture was stirred at room temperature for 14 h. A
solution with white precipitatés was formed and the precipitates
were r_emo;l'ed by filtration. The etherate solution was further
washed with aqueous HC1 (1IN, 20 m1, three times) as well as brine
(10 m1), dried over MgSO,, filtered, and concentrated. The
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7.

N,
N-
N,

RE
1

N -

N
P
1

N- (1 - Naphthyl)-N - (m et hyl phenyl)-N -ethyl guani di ne. 8.
9.

D - (.I - napht hyl ) - N- et hyl guani di ne.
Met hyl -

LA
VA

-Di -

R 1997

- (m et hyl phenyl ) - N- (I - napht hyl ) guani di ne. 10.
(I - napht hyl ) - N- phenyl guani di ne. .
CEMENT SHEET

41
product was obtained as a yellow liquid in 70% yield. IR

(CH,C1,): 2240 cm’'.

b: N-{1-naphthyl}-N’-(m-tolyl)-N’-methylquanidine.HC1.
A mixture of N-cyano-N-methyl-3-toluidine (0.47 g, 3.22 mmol) and
1-naphthylamine.HC1 (0.54 g, 3 mmol) in a 5 m1 round bottom flask
was heated in a preheated oil bath at 170-190°C for 3 h under N,.
The dark brown solution was allowed to cool to room temperature,
and it became a rocky solid. The crude product was flash
chromatographed on silica gel to yield N-(1-naphthyl)-N’-(m-
tolyl)-N'-methy'lguanidiné.ﬂ(ll (40% yield) as a white powder.
Elemental analysis: IR (CH,C1,): 1625, 1600, 1560 cm'. 'NMR
(CDC1,): & 2.135 (s, 3H), 3.536 (s, 3H), 6.847-7.972 (m, 11H).
3C-NMR (CDC1,): 20.9, 41.0, 122.6-141.6, 155.8. C,qH,oN,0C1.1/256
H,0. (Cacl.) C: 70.02%, H: 6.19%, N: 12.89%; (Found) C: 70.33%,
H: 6.20%, N: 12.90%

Example 17: Preparation of N-Methyl-N-(3-nitrophenyl)-N‘-{1-
naphthyl)quanidine Hydrochloride (Compound XXIV)

A mixture of 1-naphthylcyanamide (708 mg, 4.2 mmol) and N-
methyl-3-nitroaniline hydrochloride (1.4 g, 7.3 mmol; Pristera,
F., et al., Anal. Chem. 32:495-508 (1960); Katritzky, A.R., et
al., Organic Prep. Proced. Int. Briefs 21, No. 3 (1989)) was
finely pulverized. The resulting greenish yellow solid was
placed in a pear flask equipped with a magnetic stirring bar and
heated under N, in an oil bath at 160°C for 3 h. A yellow film
had formed near the top of the flask. The mixture was cooled to
25°C and ethanol (10 m1) was added, followed by 1 N NaOH (15 ml).
The mixture was extracted with ether. The extract was washed
with 1 N NaOH, dried (K,CO;), and concentrated to dryness
affording 1.3 g of a sticky brown oil. The oil was taken up in
CH,C1, and evaporated onto silica gel (1.5 g). This was placed
on top of 13.9 g of flash chromatography silica gel and eluted
with increasing amounts of ethanol in CHCl,. The fractions
showing a chracteristic blue color with bromcresol green were

combined and evaporated to dryness affording 668 mg of a brown
solid. The solid was triturated with ether and then water. The

LW LR Y
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55 11. N (8-Coumnarinyl)-N -(3-ethyl phenyl)-N - nethyl guani di ne.
12. N-(8-Coumarinyl)-N -(3-ethyl phenyl)-N-ethyl guani di ne. 13.

N- (1- Naght hyl ) - N - ( 3- net hyl phenyl ) - N - net hyl guani di ne. 14.

N- (1- Napht hyl)-N - (3-ni trophenyl)-N -net hyl guani di ne. 15.

N- (1-Napht hyl)-N - (3-azi dophenyl ) - N - met hyl guani di ne. - 16.

N- (7- Fl uor o-I| -napht hyl ) -N - ( 3- ethylphenyl) N - net hyl guani di ne. 17.
N- (4- Fl uoro-1| -naphthyl)-N -(3- ethylphen¥ N - nethglguan|d|ne 18.
N (1- Napht hyl ) - N mixbures (itfg] udipg the iasphp bg,gﬁ]tdqyn@ id, was transferred to

a separatory funnel and the mixture was basified with NaOH. The
dark brown ether layer was removed and then 1 N HC1 was added,
causing a brown oil to be deposited onto the sides of the funnel.
The mixture was again made basic with 1 N NaOH and the aqueous
layer was discarded. The clear amber ether layer was separated
from a clumpy brown solid. The solid was dissolved .in acetone,
filtered, and the filtrate was concentrated to dryness, taken up
in chloroform and once again concentrated to dryness, giving a
yellow foam. This was triturated with dry ether and the ether
was treated with HCl-saturated ether, affording a white solid
(333 mg, 22%), mp 147-162°C. The solid was taken up in hot
acetonitrile and treated with activated charcoal (25 mg). The
mixture was filtered through Celite and the filtrate was concen-
trated to 2 ml and allowed to stand at 4°C overnight. The
brownish mounds of crystals were collected and recrystallized
twice from acetonitrile affording 79 mg (5%) of the title
compound” as brownish crystalline mounds, mp 134-135.5°C. High
resolution MS 320.1273 (free base). Calcd for C,gH,eN,0,,
320.1256.

- Example 18: Preparation of N-(7-fluoro-1-naphthyl)-N’-(m-
ethylphen 1V-N’- et uanidine hydrochloride
ompound X

a. - 1 ana . A solution of cyanogen
bromide (3.31 g, 31.26 mmol) in Et,0 (25 ml1) was added slowly to
a stirred solution of m-ethylaniline (6.06 g, 50 mmol) in Et,0
(50 m1) and continued stirring at room temperature for 6 hours.
A white precipitate of m-ethylaniline hydrobromide (4.46 g) was
filtered off, and the filtrate was washed with H,0 (2 x 20 ml).
Evaporation of ether layer afforded the title compound (3.85 g,
96.5%) as a thick liquid. IR (f11m) 2225 cm

" b. N-m-Ethylphenyl - N-methz1cxanam1d : A solut1on of m-
ethylphenylcyanamide (1.46 g, 10 mmol) and sodium hydride (480
mg, 20 mmol, pre-washed thrice with hexane) in anhydrous THF (10
ml) was heated at 80-85°C for 2.5 hours. After it was allowed to
cool to room- temperature, metﬁ}] iodide (3.5 g, 25 mmol) was
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19. A neuroprotecting N,N, N ,N -tetrasubstituted guanid- ine of the

formul a: , NH [err] wherein RR, R, R and R'"are

i ndependently a Cferr]-Clerr] al kyl group, C2-Clerr] al kenyl group,
C2-C[err] al kynyl group, cycloal kyl group, cycloal kyl group substituted by
one or nore substituents, cycloal kenyl group, cycloal kenyl "group
substituted with one or nore substituent car bocyclic aryl group,

%
carbocycl1 ¢ ar vl Bloufy SRS e Boinfll s ko e onaBalst HG gyl kar v

group, al karyl roup ara kyl

group, aral kyl Ulﬁ!”hﬂiQtﬂ)uf@HWM tbyowatesr (2 mb) Heweadded rang then
het erocyclic gr @xpracibéd &i € didh1 6rdie OhdheS{BOK 125t mi)ed ChcentPation G the

organic layer followed by quick flash chromatography afforded the
title compound (960 mg, 60%) as a colorless liquid: IR (film):
2220, 3400 ca’.

A mixture of N-(m-ethyipheny])-N-methy]cyanamidg (195 mg,
1.21 mmol) and 7-fluoro-1-aminonaphthalene hydrochloride (200 mg,
1.01 mmol) was heated in a pre-heated oil bath at 160°C for 2.5
hours and then allowed to cool to room temperature. The
resulting solid was taken up in dichloromethane and washed with
5% NaOH solution. The organic layer was concentrated and the
resulting residue was treated at room temperature with 0.5M
methanol-HC1 solution (10 mi). . It was concentrated and the
resulting purple glass was purified by flash chromatography on
silica gel to give N-(7-fluoro-1-naphthyl)-N’-(m-ethylphenyl)-N’-
methy]guanidine hydrochloride (192 mg, 53%) as off-white
crystals. M.p.: 187-90°C. IR (CHC1,): 1630, 3400 cm’. 'H NMR
(CD,CY,): & 1.259 (t, 3H, J=7.9 ﬁz), 2.431 (q, 2H, J=7.9 Hz2),
3.564 (s, 3H), 6.76-7.94 (m, 10H). Anal. Calcd for C,H,N;FC1:
C, 67.12; H, 5.92; N, 11.74. Found: C, 67.28; H, 6.00; N,

11.87.
Example }19: Preparation of N-Methyl-N-(3-azidophenyl)-N’-(1-

naphthyl)quanidine Hydrochloride (Co d XXVI

A mixture of 800 mg of N-methy1-N7(3;nitropheny1)-N'-(l-
naphthyl)guapiding'hydro;hIoride, 223 mg of 30% Pd/C, and 15 ml
of ethanol was shaken under an atmosphere of H, at 47 psi for 28
h. Then 5 ml of 1 N HC1 was added and the mixture was filtered
through Celite. The filtrate was evaporated to dryness affording
the dihydrochloride as a light brown foam (970 mg) that was
suitable for the next reaction. A stirred solution of N-methyl-
N-(3-aminophenyl)-N’-(1-naphthyl)guanidine dihydrochioride (86 .
mg), water (8 ﬁl) and concentrated HC1 (3 ml1) was wrapped in foil
and cooled in 0°C and then treated with NaNO, (200 mg). The

solut1on was stirred at 10 C for 1.5 h and then NaN3 (100 mg)
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56 substituents,

het eroaryl group, or a heterog

group substituted by one

or nore substituents; or a physiologically aCC'HKUl‘ iﬂ?“of; wher ei n
said substituent is chloro fluoro, brono, iodp, | kyl,
Cerr]- al koxy, cyano, C3-(err] dialkyl noalay carbo~y,
carboxam do, (err]-Cerr] alkylthio, allyl, | kyll 1 ARmpw -Cerr]
cycl aroyl, aral koxy, C2-(ferr] acylj, vl heteroar an aryl
fused to a benzene ring, a heteroaryl fusgg tdq a benzene rlng, -Cerr]
heterocycloalkyl v shenzene -
ring, der r? %g‘{ qg‘ﬂ% Jﬁe&%r ?ﬁ“ﬁ amno, o al kyl -

ani no, C2- C[err] s@iiened °z!in?2nb i?d'%)&?ﬂ?ﬂ%? 8x§/épﬂﬂ‘e ; rrl-

dq ea] N]ral kyl carNaemm mﬂgaw}g alwhite suspendiion. kynaantnnawractadt with azi do
or err

binding to the P

e, g7 hd WMces e AR (el A2 RrleRfratid! ) ¢ > N1 o

N,N, N, N -tetrasmxnessugwnguanltght brown oil (73 mg, 86%). 19he oil was

dissolved in dry ether (10°'ml) and treated with HCl-saturated
ether (10 m1). The mixture was concentrated to dryness and the
residue was crystallized from ethyl acetate-hexane giv%ng the
title compound as a hygroscopic white powder (68 mg). M.p. 72-
74°C. High vesolution MS 316.1422 (free base). Caled for
C,gHieNs, 316.1436. '

Example 20: PCP Radioligand Binding Assays

PCP receptor binding assays were performed using rat brain
membranes as the source of receptors. The radioligand used to
label PCP receptors was [*H]MK-801 (97 Ci/mmol)

Synthesis of [*HIMK-801 and PCP receptor binding assay
protocols are described in Keana,7J.F.H., Scherz, M.W., Quarum,
M., Sonders, M.S., and Weber, E., Life Sci. 43, 965-973 (1988).
Briefly, in the protocols, rat brain membranes were prepared and
used as described for "detergent-treated membranes” (see Murphy;
D.E., Schneider, J., éoehm, C., Lehmann, J., and Williams, M., J.
Pharmacol. Exp. Ther. 240, 778-784 (1987)), and stored at a
protein concentration of 10 mg/ml at -70°C. No effect of storage
(1 month) of the membranes at -70°C on receptor number or
affinity for [3H]MK-801 was observed.

For assays with rat membranes, the thawed membranes were
incubated at 1 mg/ml with 0.01% Triton X-100 for 15 minutes at
32°C, then washed three times by centrifugation to reduce the
endogenous amino acid concentrations, and finally resuspended in
buffer for assay. Glycine and 1-glutamate were each added back
to a final concentration of 1 uM to maximally stimulate the
[*H]MK-801 binding. The assays contain 400 ul of membranes, 50
ul of radioligand, and 50 ul of buffer or unlabelled drug.

For [*H]MK-801 binding, 1 nM radioligand was incubated with
200 ug/ml of rat brain membranes for 4 hours at room temperature.



i ne which exhibits a high bi ndi ng ac;gvity mgth_respect'to the PCP receptor
i ' ni din 0
N et hy TN a?pRZL§F- KN Sdi (1 - napht hyl ) guani di nd REELACEMENT, SHEET
et hyl -NN -di - (I - napht hyl ) guani di ne, NN -di (1- naghtthyl )-N, N -
dlnethylguanidine, N- (I - napht hyl ) - N - ( 3- et hyllpheny1)MAR Mbs57
di met hyl guani di ne, or N-(I-naphthyl) N - (3 et hylfphenyl ) - N- et hyl {
m-l\/emteh Slyl guaBIh g'r@f-n SRYS gvere wmwﬁthryrgnjdaﬁﬂ&r jon under vaggum through
N-Met hyl - N - et hyWhabindd 6E)B- §)asoambémyi Iters preSoaked in o 05% p&lyethylene-
o ki A st e ot 2
N- ( 1- Napht hyI ) Npai {gerépw;g pMIBnyI em.ibtqwmqne.washed three times with § m]
of cold 5 mM tris-HC1, pH=7.4. Each filter was suspended in 10
ml of Cytoscint (ICN Biomedicals, Costa Mesa, CA) and radio-
activity was measured by liqu%d scintillation spectrometry at a
counting efficiency of 50%. Nonspecific binding was defiped as
that remaining in the presence of 10 M MK-801 or 100 .M PCP.
[*H]cPp (3-{(%)2-carboxy-piperazine-4-y1)-propyl-1-
phosphonic acid) binding to the N-methyl-D-aspartate-type
glutamate receptor (Murphy, D.E. et al., Jd. Pharm. Exp. Ther.
240:778-784 (1987)), high affinity [H]kainate binding to the
kainate-type glutamate receptor (Honore, T. et al., Neurosci.
Lett. 65:47-52 (1986)), and [PH]AMPA (DL-0-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid).binding to the quisaqualate-
type glutamate rveceptor (Murphy, D.E., Snoﬁhill, E.M., and
Williams, M., Neurochem. Res. 12, 775-782 (1987)) were assayed
using rat brain membranes prepared as described above.

Saturation data were evaluated and ICg values were
determined as described by J.B. Fischer and A. Schonbrunn (J.
Biol. Chem. 263, 2808-2816 (1988)).

The compounds IV to XIII were tested for binding to the PCP
receptor on rat brain membranes in radioligand binding assays
using selective [*H]-1abelled 1igands. (+)[H]MK-801 was used to
label PCP receptors. As can be seen in Table I, the compounds IV
to VII had subﬁicromn]ar affinities for PCP receptors as judged
by their ability to displace the selective PCP receptor ligand
from binding to brain membranes from rat (The numbers in paren-
theses in Table I indicates the number of experiments). Also
shown in Table I is the binding data for the corresponding N,N’-
disubstituted guanidine not bearing an N-methyl group (N,N’-di-
(1-naphthyl)guanidine, Compound XIV; N,N’-di-(m-ethylphenyl)-
guanidine, Cpmpound XV;  N-(1-naphthyl) -N'-(m-ethylphenyl)-

- guanidine, Compound XVI; N-(1-naphthyl)-N’(o-iospropylphenyl)-
guanidine, compound XVII).




57 26. A nmethod for treating a disease of the nervous systemin

whi ch t he pat hophysi ol ogy of the disorder involves excessive excitation of -
nerve cells by agonists of NVDA receptors, conpris- ing the adninistration

to a mammual exhi biting synptons of such disorders or is susceptible to such
di sorders an effective ambunt of a NNN -trisubstituted guani dine having the
forml a: [err] ' :

In contrast, none of the l::(::mpounds tested showed signifi-
cant binding affinity towards the N-methyl-D-aspartate-, kainate-
or quisqualate-type glutamate binding sites, assayed using
[*HICPP, [®H]kainate and [®H)AMPA, respectively, as specific
radioligands.
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wherein R R and R' are a (Jerr]-
al kenyl group, Cerr]-
group substi t ut ed by one or nore substltuents
group substituted with one or

cycl oal kenyl

derr]

aryl “group, carbocyclic aryl

al karyl group, al karyl

aral kyl  group

het erocyclic ¢

substi tuents,

nore substituehts;

Cerr]-Cerr]

car boxam do,

cycl oal kyl, ar
fused to a benfef

| koxy,
C[e

gpar&g

err]

group,

a Cerr]-

derr]

nor e {s\
group substituted by

group substituted b
vl agroupn substity

het er ocycl oal k! , a C3-IC err]

ring, Cerr]-

am no, C2-(er
Cerr] N-alkyl
C2-Cerr] dial

err]

al Ryl sul f

© (FEEE

ENT SHit}

Qr

bstituents, c
ong 1MARGeg7 S|ib

nore subst|tpents,

oup, heterocyclic group spRgigfjutted by one or nore

~pec ¥ |

r pocyclic
5t i tuents,

d phymporeegpronl | y
said substitueht is chlloro, Affimity br or
dyano,

dlalkyl
rR}tér

ﬂﬁ'ﬂt@'a“%H uines 8'9( .
e | 5

accept Shgma Redeptomer eof ;
i fert]yC[err] al kyl,

Hbalkyl cay boxy,

éH"hMR@hrynes g

lﬁAﬁe &sg

am no,

sed tmr_m ben enseM i [Yn) P-

ring ffused tp a bpnzene

err]-fferr

wher ei

B-C[ err

olllTl.IU y .U4r Lal kyl (‘ﬁaqgaa(# le3°nQ [ )’ h3rio o
stksul fa”‘)yi4b.?$id36.7 6550 oy {ri-
X 549.7 10,500 --1 (1) | Tetra-
X1 85 10,093 --{ (1) { Tetra-
XIII 452 10,563 == 4 (1) | Tri-
XIv 267.2 165.2 28.4 | (4) | Di-

VII 35.4 2535.0 | 669.8 | (4) | Tri-
VIII 80.5 2550 -- |1 ) | 1ri-

hll 490 1109 -- | (1) ] Tri-
XvI 38.6 53.8 5.2 (4) | 0i-
XVIII 68.7 10,724 1,3896 (3) | Tetra-
XIX © 80.0 2,787 291.2] (3) | Tri-
XX 123.0 18,477 2,2766 (4) | Tri-
XXI 86.8 1,211 56.0 | (4) | Tetra-
XXI1 96.9 2,291 | 160.6 | (4) | Tetra-
XX111 85.2 1,862 175.0} (3) | Tri-
XXIV 86.5 6,264 | 699.2 | (4) | Tri-
XXV 40.1 547 73.6 | (4) | Tri-
XXVI 68.1 3,000 -- | (1) | Tri-

lj 'Tetra- is tetrasubstituted, Tri- is trisubstituted. and di- i:

i disubstituted

or



wherei n said guani di ne exhibits high binding to the PCP receptor

58 27. The method according to claim 26 whe e,

N,N, N -trisubstituted guani di ne is NN-di-(1- nmmm SHEET

nethylguanidine,N'N—di-(n}ethylphenyl)-N—nethy!gyanld| e, N-(0-

isoprbpylphenyl)-N‘-nethyI-N'-(I-naphthyl)guan|d|ne, hH(ﬂM

ethylphenyl)-N—nethyI - (1- napht hyl ) guani di ne, N-(If-gapht
-(n}ethylphenyl) ethylguanldlne ji4ﬂ -di - ( 1- papgtrttry—N

ethylguanidine ay- ngapht hyl ) - guanidin

counarlnyl) N -

Exampien2ll : IighanReceptiopiBinding: Assay
NN - di - (1- napht hyI) N‘Lgifb?ﬂ gugﬁrﬁ' F@ceptor W‘h‘cﬂhg assays usmg guinea pig
ethy en I he,

counmarinyl)-N -

8:s
SDEATA REMERe ) boaoarRres, AT bt e ?Hﬁatgfﬁt [pIgTS were
conducted as descr1bed by Weber et al., P.N. USA) 83:8784-
8788 (1986). Briefly, frozen whole guinea-pig brains (Biotrol,

Indianapolis, IN) were homogenized in 10 volumes (w/v) of ice--

cold 320 mM sucrose using a Brinkman polytron. The homogenate
was centrifuged at 1,000 x g for 20 minutes at 4°C. The super-
natant was centrifuged at 20,000 x g for 20 minutes at 4°C. The
resulting pellet was resuspended in 10 initial volumes of 50 mM
Tris/HC1 buffer at pH 7.4 and centrifuged at 20,000 x g for 20
minutes at 4°C. The resulting pellet was resuspended in 5
initial volumes ice-cold 50mM Tris/HC1 (pH 7.4), and the final
volume was adjusted to yield a protein concentration of 3 mg/ml.
Aliquots of Zo-ml were stored at -70°C until used, with no
detectable loss of binding.

For_[’H]DTG binding assays, the frozen membrane suspensions
were thawed and diluted 1:3 in 50 mM Tris/HC1 (pH 7.4). To 12 x

75 mm polystyrene test tubes were added 0.8 ml of diluted

membrane suspension, 0.1 ml of [*H]DTG (Dupont/NEN) to yield a
final concentration of 1.4 nM, and 0.1 ml of unlabelled drugs or

buffer. The protein concentration in the 1-ml final incubation

volume was 800 ug/ml, corresponding to 32 mg of brain tissue
(original wet weight) and to a tissue concentration within the
linear range for specific binding. Non-specific binding was
defined as that remaining in the presence of 10 pM haloperidol.
Incubations were terminated after 90 minutes at room temperature
by addition of 4 ml of ice-cold 50mM Tris/HC1 (pH 7.4) and rapid
filtration of the membrane suspension through. Whatman GF/B
glass-fiber filters under vacuum, using a 48-well cell harvester
(Brandel). The filters were washed 2 times with 4 ml of 50 mM
Tris/HC1 (pH 7.4). Each filter was suspended in 10 ml Cytoscint
(ICI), and radioactivity was measured by liquid scintillation
spectrometry at a counting efficiency of approximately 50%. 1Cso
values were determined by non-linear regression analysis. The
results are shown in Table 1, sbove, ...



N - (3-net hyl phenyl ) - N - net hyl guani di ne, N- (1- naphthyl )-N -(3-

ni trophenyl ) - N - net hyl guani di ne, N- (1- napht hyl)-N - ( 3-

azi dophenyl ) - N - net hyl guani di ne, N-(7-fluoro-1-naphthyl)-N -(3-

et hyl phenyl ) - N - et hyl guani di ne, or N-(4-fluoro-1-naphthyl)-N -

( 3- et hyl phenyl ) - N - et hyl guani di ne: or a physi ol ogi cal |y acceptabl e
salt thereof. 28. A nethod for treaping a disease of the nervous

systemin which the pashoahteseér gy Tablel De idlicomparason 1By Theesorexspongi ve
excrratton of NN dfthbsy RieaPBURLIn SN SERRBSE Ryed iahfaigkd t e

adnini stration t cgs ers or
susceptible to sfhthe gam&ignamem d )\/beﬂﬁﬁrhigbf binding affinity to

N, N, N, N -tetrasuwpet POPUFedptora Bt 6@ wﬁdinbenﬁf@ﬁfﬂﬁ o the si ma receptor.

i TRy o o i CETE

group, ligands.

Example 22: mﬂnmmmj_u_a;__u

a. Cell culture: Dissociated rat hippocampal cultures
were prepared using a modification of the method of Huettner and
Baughman (Huettner, J.E. and Baughman, R.W., J. Neurosci. 6,
3044-3060 (1986)). Newborn to 1 day old rat pups weighing 6 to
8 g were anesthetized with chloral hydrate and cortices with
hippocampi attached were removed and placed in C1°" free dissocia-
tion medium supplemented with 1 mM kynurenic acid and 10 mM
MgS0,. The tissue was cleared of meninges, washed and ‘incubated
for 20 min at 37°C in dissociation medium containing 10 "units/ml
of Papain (Worthington). After the enzyme treatment, the tissue
was incubated for three S-minute periods at 37°C with 10 mg/ml
trypsin inhibitor (Sigma type II1-0).

The cells were dissociated by trituration in growth medium
and a 50 ul cell suspension was added to each well of 96 well
microtiter plates (Falcon) containing 50 ul growth medium per
well. Prior to use the 96 well plates had been coated with poly-
D-lysine (0.5 mg/ml) and Tamininn (2 ug/ml) (Collaborative
Research). Cells were plated at a density of 5 x 10* per well to
give a final volume of 100 ul per well. The growth medium was
Eagle’s minimum essential media (MEM, Earle’s salts) supplemented
with 5% fetal bovine serum (CCL), 5% defined supplemented calf
serum (HyClone), 50 mM glucose, 50 units/ml ‘penicillin/strepto-
mycin and MITO+ serum extender (Collaborative Research). The
cells were maintained at 37°C in a humidified 4.5% CO, atmo-
sphere -

The cells were maintained in a medium that was similar to
the growth medium but without the fetal bovine serum. Half

f
“




cycl oal kyl group substituted with one or nore substituents, cycloal kenyl
group, cycl oal kenyl group substituted with one or nore substituents,
carbocyclic aryl group, carbocyclic aryl group substituted with one or nore
substituents, al karyl group, alkaryl group substituted with one or nore
substituents, aral kyl group, aral kyl group substituted with one or nore

substituents, 59 heterocyclic
group, heterocyclic group substituted wit¥ one or nore substituents,

het eroaryl gr oupyvotimezmedia exokanges yeer perfigrued twicewepkbhuntid by tedbe

substituents; or dayspBMSJ:QPQq}healdyXomemyaﬁﬁysaleve tpepféraied. Wher ei n sai d

substituent is chlor OQ._ lldgarm%‘te bfn%HEgg hgoudzgtoﬁkfﬂz] La&%ié]neh!drogénase
Assay. Cultures were assessed microscopically and only those
plates with uniform neuronal densities were used in the glutamate
neurotoxicity trials. Glutamate trials were carried out at room
temperature with all solutions warmed to 37°C. Cultures were
washed three times in a HEPES-buffered "control salt solution®
(CSS) similar to that reported by Choi et al. in J. Neurosci. 7:
257-268 (1987), but with 10 mM HEPES substituted for Tris-HC1 and
buffered for pH 7.4. Rapid media exchanges are achieved in this
system through the use of a 96 well aspirator which removes
medium from all wells simultaneously and leaves equal volumes of
fluid in each well thereby achieving uniform drug concentrations
and eliminating the risk of exposing the cells to air. Drugs are
tested against 500 uM glutamate using multiple 1/2 fold dilutions
(usually 7) of test substance to give a dose response curve and
3 controls which include 500 M glutamate alone,- test drug alone
(highest concentration) and CSS alone. One 96 well plate is used
per drug to give a sample size of 8 and trials are repeated
several times. Following the CSS washes where all traces of
serum containing media is removed, the cells are exposed for 5
minutes to the 7 concentrations of test drug in CSS and then to
the drug same drug concentrations plus 500 uM glutamate. The
three CSS washes are repeated and 100 ul aliquots of glucose
enriched MEM are added to all wells and the plates are maintained
overnight at 37°C in €0, incubator. '

The glutamate-induced death of neurons is measured by
determining the levels of lactate dehydrogenase (LOH, a cytosolic
enzyme) released into the medium by dead and dying neurons in the
24-48 hours following g'lutamate insult as described by Koh and
Choi (J. Neurosci. Methods 20: 83-90 (1987)). It has also been
established that non-neuronal cells, such as astrocytes, do not
release significant levels of LDH during these trials. Media
samples are collected from all wells and assayed for LDH accord-
ing to the protocol suggested by Molecular Devices Applications
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alkyl, Clerr]-Clerr] al koxy, cyano, C3-Cferr] dialkylam noal kyl, carboxy,
carboxam do, Cerr]-Cerr] alkylthio, allyl, aralkyl, alkaryl, C3-Clerr]
cycl oal kyl, aroyl, aral koxy, Cerr]-Cerr] acyl, aryl, heteroaryl, an aryl
fused to a benzene ring, a heteroaryl fused to a benzene ring, C3-CJerr]
het er ocycl oal kyl , a C3-C[err] heterocycl oal kyl ring fused to a benzene
ring, Jerr]-Cferr] alkylsulfonyl, arylthio, amno, (Jerr]-Clerr] alkyl-
am no, C2-C[err] dialkyl ami no, hydroxy, 3ydroxyal kyl, carbanoyl, (err]-
Cerr] N-al kyl cBullabingl 01252 @§imgr the\Mbl etiudak ey icdsaKindtic icrepladei do or

C2- di al k f h
bi n((:I:i[ ﬁgr;r]to !tﬁe E@Hl‘ SRR LS Q@nmﬁ%ﬂ ﬁ@_‘}ﬁe Quﬁmﬁgéé}e?ﬁ)é:?g%umt‘gghé\?merel n

recegtqnﬁ
said NN, N, N - t‘iﬁ"éﬂﬂsguanl dine is
N- net hyl - N - phenyl M Weaglire (of-thecgutiehsy pfjleach comppund tested is made by

N,_ mﬁ‘t hyl -N - et h#y 'iy ﬂnﬁdﬁgﬁ'&@aﬂ%hﬁsﬁjﬂ&“mw’ concentration of the

-di (I -napht uan
napht hyl ) - N - (3cmw$ﬁb#yrh)hih QFF AE+1he| Glytamateninduged LDH rs‘ease-
napht hyl ) - N - ( 3Tieishgstimete li3 -ddi béd 1 the [EDzrdbdwy | guani dine. . . The
met hod accordi ng t cl ai 6 sai Al
di sease, Parki nson' | ﬁggled%“f—imﬁsgﬁfoﬂe? cfh “irjrb r%@ﬁ'ﬂar{%at er al
Scl erosi s, Domiadts%aewozo’rcimmam sles'ealsehows the relationship
between EDs, values and ICg, values for the compounds IV-VII
(denoted by the corresponding numbers 4-7). The neuroprotective
potencies of the four N,N,N’-trisubstituted guanidines are
closely correlated to their affinities for the PCP receptor.

Example 23: In Vivo Neurotoxicity Assay

The experimental model of McDonald, J.W., et al., supra,
was employed with the single alteration in protocol of an
intraperitoneal injection of the test compound 15 minutes
following, rather than preceding, the cerebral NMDA injection.
Only Compound VII was tested in this assay and was found, in
dosages ranging from 0.1 to 100 umol/kg of body weight, to
protect against the lesions caused by NMDA injection.

These observations on the in vitro and in_vivo neuro-
protective properties of the substituted guanidines are consis-
tent with their affinities for the PCP binding site in brain.

The tri- and tetra-substituted guanidines of the present
invention are chemically unrelated to any known NMDA channel
blockers acting through PCP receptors with the exception of
compounds previously disclosed in U.S. Patent No. 4,709,094 and
U.S. Application Serial No. 07/237,367.

As discussed above, previously, only compounds belonging to
the PCP/ketamine series, benzomorphan opiates, benz-f-isoquino-
lines and MK-801 were known to interact with PCP receptors (see
Zukin, R.S. and Zukin, S.R., Trends in Neurosci., in press
(1988); Sonders, M.S., Keana, J.F.W. and Weber, E., Trends in
Neurosci. 11(1), 37-40 (1988); Wong, E.H.F., Kemp., J.A.,
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31. The met hod according to claim30, wherein the NN, N - trisubstituted
guanl di ne Is- N,N -di-(1-naphthyl)-N nethyl- guanidine,
N, N - di - {m et hyl phenyl ) - N- ret hyl guani di ne, N- ( o-
i sopr opyl phenyl)-N -net hyl - N - (1- napht hyl ) guani di ne, N-(m
et hyl'phenyl ) - N- net hyl - N - (I - napht hyl ) guani di ne, N- (I -napht hyl ) -
N - (methyl phenyl)-N - et hyI guani di ne, I - (I -napht hyl)-N
et hyl guani di ne, N-net hyl - N - (m et hyl pherfyl ) N- I - napht hyl ) - guani di ne,
N, N - di - (I - napht Iﬁylﬁﬂupﬁeny\(’g‘ahhi fi-Re; Woodyyffg G.N. and Iversen, L.L.,

60 coumarinyl) - NPréQ- Rity| Adad0VUSA- 88 .- mnylo;mmstop.e, N ( 8- Coumari nyl)
-N - (3-ethyl phenyl )'%eeBMeQWLxgaimﬂfes Din B&r@ﬁﬁtﬂw%%h similar success

by substituting the generically or specifically described

reactants and/or operating conditions of this invention for those

used in the preceding examples.

From the foregoing description, one skilled in the art can

easily ascertain the essential characteristics of this invention,

and without departing from the spirit and scope thereof, can make

various changes and modifications of the invention to adapt it to

various usages and conditions.

REPLACEMENT SHEET

11 MAR 1997




- (3-net hyl phenyl ) - N - et hyl guani di ne, N-(1-naphthyl)-N -(3-
ni t rophenyl ) - N -net hyl guani di ne, N (Il-naphthyl)-N -(3-
azi dophenyl ) - N - net hyl guani di ne, N-(7-fluoro-1-naphthyl)-N-(3- .
et hyl phenyl ) - N -net hyl guani di ne, or N-(4-fl uoro——]:-napht hyty=N—="""

(3-et hyl phenyl )-N -net hyl guani di ne; or ept abl e
salt thereof. 32. The net hod acc5§rd| ng tE‘jﬂ m m“ ““Eﬂ“ sai d
di sease is Al zhgaTers SLAIMERaER:, Par ki nson's dise gtson *S d| sease,
Anyotrophic Lateral Sclerosis, Down's Syndrome, or Korsakoff s di sease.

33. The nethod of claim 32, wherein said N, N, ta%asubstdtut ed
guanidine i s N nethyl- N Aheswepnetectiag_ NaN, NnaBﬂﬂ%ﬂt)ié)ﬂ dyjpidin

N-net hyl - N - et hiydvipg Nhedformdtatapht hyl ) - guani di ne,

N, N -di (I -naphthyl)-N, N -di net hyl guani di ne, N-(1-

napht hyl ) - N - (3-et hyl phenyl )-N, N -di net hyl guani di ne, or N (1-

napht hyl ) - N - ( 3- et hyl phenyl ;-HN- et hyl - N - net hyl guani di ne. 34. The

met hod according to clai &nNZ . \e{nerei n the mammal is a human being suffering
from epil epsy. -N-C-N- i

R' RH . -

wherein R; R’ and R" are independently a C,-Cg alkyl group, C,-Cg
alkenyl group, C,-Cg alkynyl group, a cycloalkyl group, cycloalkyl
group sdbstituted by one or more substituents, a cycloalkenyl
group, cyc1_oa1keny] group substituted by one or more
substituents, carbocyclic aryl group, carbocyclic aryl group
substituted by 6de or more substituents, alkaryl group, alkaryl
group substituted by one .or more substituents, aralkyl .group,
aralkyl group substttuted with one or more substituents,
heterocyclic group, heterocyclic group substituted by one or more
substituents, heteroaryl group, or a heteroaryl group substituted
by one or more suBstituents; '
or a physiologically acceptable salt thereof;
wherein said substituent is chloro, fluoro, bromo, iodo, C,-Cg
alkyl, C,-Cg alkoxy, cyano, C,-C,s dialkylaminoalkyl, carboxy,
carboxamido, C,-C; alkylthio, allyl, aralkyl, alkaryl, C;-Ce
cycloalkyl, aroyl, aralkoxy, C,-Cq acyl, aryl, heteroaryl, an aryl
fused to a benzene ring, a heteroaryl fused to a benzene ring,
C,-Cs heterocycloalkyl, a C,-C; heterocycloalkyl ring fused to a
benzene ring, C,-Cg alkylsulfonyl, arylthio, amino, C,-C5 alkyl-
amino, C,-C,s dialkylamino, hydroxy, hydroxyalkyl, carbamoyl, C,-
C¢ N-alkylcarbamoyl, C,-C,s N,N-dialkylcarbamoyl, nitro, azido or
C,-C,s dialkylsulfamoyl; and
wherein said guanidine exhibits high binding to the PCP receptor
in mammalian nerve cells.
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35. The nethod according to claim34, wherein the said

N,N, N -trisubstituted guanidine is N N -di-(1-naphthyl)-N

met hyl guani di ne, N, N' - di - (m et hyl phenyl ) - N- met hyl guani di ne, N

i soprQpyl phenyl) - N -net hyl - N - (I - napht hyl') guani di ne, N—ﬂ

et hyl phenyl) - N-met hyl - N - (I - napht hyl ) guani di ne, N-(I-napht

N -(m et hyl phenyl )-N -ethyl guani dine, N, N -di-(1-naphthyl)-N o

et hyl guani di ne, N—nethyI-N'-(n}ethyIphegyl)-;ﬁ(l-naphthyl)- guani di ne,

N, N -di - (I - napht hyl ) - j} phepyl guani di n B4 s . ‘05

coumarinyl ) - N - (3- et hyT heﬁyw?!'mvrﬁf@fﬁ}ngg&ﬁ?@. figisubstituted guanidine

coumarinyl ) - N - ( ¥hiehexpihity|3 highetbigdiggasctdvity, nith Tesgcthta the PCP

N - (3- et hyl phenyeteg¥or Mai hidwiiaTiah dhéieve ce'l'lN‘,(khé?@Pﬂih\ﬁg) ghbrridPre is

ni trophenyl)-N - Wfkh )ﬁl.igt'ﬁrr'l'aﬁutﬂ%)-N-me%hﬁjugg{m%eyﬁ,)ﬂ_' -di_-((m:ethyl pheny1)-
N-methylguanidine, N-(o-isopropylphenyl)-N’-methyl-N’-(1-
naphthyl)guanidine, N-(m-ethylphenyl)-N-methyl-N'-(l-naphthy])-
guanidine,'N-(l-naphthyl)-N'-(m-ethy]phenyl)-N'-ethy1gu§pidine,
N,N’-di-(1-naphthyl)-N-ethylguanidine, N-methyl-N’-(m-ethyl-
phenyl1)-N-(1-naphthyl)guanidine, N,N’-di-(1-naphthyl)-N-
phenylguanidine, N-(8-coumarinyl)-N'-(3-ethylphenyl)-N‘-
methylguanidine, N-(8-coumariny1)-N'-(3-ethy1pheny1)-N-
-ethylguanidine, N-(1-naphthyl)-N’-(3-methylphenyl)-N‘-
methylguanidine, N-(1-naphthyl)-N’-(3-nitrophenyl)-N’-
methylguanidine, N-(1-naphthyl)-N’-(3-azidophenyl)-N’-
methylguanidine, N-(7-fluoro-l-naphihy1)-N'-(3-ethy1pheny1)-N'-
methylguanidine, N-(4-fluoro-l-naphtﬁy1)-N'-(3-ethy1pheny])-N'-
methylguanidine, or N-Il-naphthyl)-N'-(4-f1uoro-3-efhy1§heny1)-
N’-methylguanidine; or a physiologically acceptable salt thereof.

L M s *

[+

3. N,N’-Di-(1-naphthyl)-N-methylguanidine.
4, N,N’-Di-(m-ethylphenyl)-N-methylguanidine.

5. N-(o-Isopropylphenyl)-N’-methyl-N’-(1-naphthyl)-
guanidine.

6. - N-(m—Ethy]pheny])-N-methy]-N'-(l-qaphthy1)guanidine.
7. N-(1-Naphthyl)-N’-(m-ethylphenyl)-N‘-ethylguanidine.
8.  N,N’-Di-(1-naphthyl)-N-ethylguanidine.

9. N-Methyl-N’-(m-ethylphenyl)-N-(1-naphthyl)guanidine.

10.  N,N’-Di-(1-naphthyl)-N-phenylguanidine.
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61 azi dophenyl)-N -net hyl guani di ne, N-(7-fluoro-1-naphthyl)-N -(3-

et hyl phenyl ) - N - net hyl guani di ne, or N-(4-fluoro-1- napthyL}—N_———

(3-et hyl phenyl)-N -net hyl guani di ne; or a physi ol
salt thereof. 36. The method according to clai @‘“ n maﬁ
manmal is a human being suffering fromepil epsy. _ d

claim36, wherein said NN, N ,N - tetrasubstituted guanidine
N-net hyl - N - phenyl -N, N -di - (1 napht hyl ) ddani di ne,

N-net hyl - N - et hyl - N, NLdi N4 (Hapoumgryinyduarl 't Gk-ethylphenyl)-N’-
N, N -di (1- napht h,yét),ywdymdjinget hyl guani di ne, N-(1-

napht hyl )-N - (3-et hyl phenyl )-N, N -di net hyl guani di ne, or N-(1-
napht hyl ) - N - (3- et hyl phenyl ) - N- et hyl - N - net hyl guani di ne; or a
physi ol ogi cal | y acceptZabl -{&tGoumardnyd)tN’-(3-ethyIpBenyl )-Nretliydguanfidinehi bi ti ng
NMDA receptor-ion channel related neurotoxicity in a mamal exhibiting such

neur ot oxi city or susc
an effective anmount o

fornmul a:

methylguanidine.

14. N-(l-Napﬁthy])-N'-(3-nitrophenyl)-N'-methy]guanidine.
15.  N-(1-Naphthyl)-N’-(3-azidophenyl)-N’-methylguanidine.

16. .N-(7-F1uoro-l-naphthy1)-N'-(3-gthy1phenyl)-N'-
methylguanidine.

17. N-(4-Fluoro-1-naphthyl)-N’- (3 ethylpheny]) N‘-
methylguanidine.

18.  N-(1-Naphthyl)-N’-(8-coumarinyl)-N-ethylguanidine.

19. A neuroprotecting N,N,N',N'-tetrasubstituted guanid-
ine of the formula: '

NH
R-N-C-N-R*’’
| |
R’ R"
wherein R, R’, R" and R’’’ are independently a C,-C; alkyl group,

C-C; alkenyl group, C,-C, alkynyl group, cycloalkyl group,
cycloalkyl group substituted by one or more substituents,

- cycloalkenyl group, cycloalkenyl group substituted with one or

more substituents, carbocyclic aryl group, carbocyclic aryl group
substituted by one or more substituents, alkaryl group, alkaryl
group substituted by one or more substituents, aralkyl grbup,
aralkyl group substituted with one or more substituents,
heterocyclic group, heterocyclic group substituted by one or more

able

of

a T PhEndT T B8t FoRhaide” ™
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NH [err] wherein RR R and R' are independently a CJerr]-Cferr] alkyl
group, a (Jer]r- (err] alkenyl group, C2-(ferr] alkynyl group,

cycl oal kyl  group, cycloal kyl group substituted hy one or nore
substituents, cycloal kenyl group, cycloal kenyl group substituted-w-th one

or nore substituents, carbocyclic aryl group, carb [ p
substituted by one or nore substituents, alkaryl Jﬂmﬂ“"ﬂllﬂyﬂmﬁgm%
substituted by one or nore substituents, ?gal kyl gr’bu_pc, araklkybs gFoup E
Slrjgafol tsﬂfjgg i \tMut géggsseﬁg{lpé\r{g: iﬁﬁ#‘gg;‘}f greo%,s ’orhaeﬁe re?g%_cyll Igcrol% gtﬁ?ﬁtipuet:[e%r ocyclic

by one or more substituents;

or a physiologically acceptable salt thereof;

wherein said substituent is chloro, fluoro, bromo, iodo, C,-Cg

alkyl, C,-C; alkoxy, cyamo, C,-C,s dialkylaminoalkyl, carboxy,

carboxamido, C,-Cq alkylthio, allyl, aralkyl, alkaryl, C,-Cg

cycloalkyl, aroyl, aralkoxy, C,-Cg acyl, aryl, heteroaryl,.an aryl

fused to a benzene ring, a heteroaryl fused to a benzene ring,

C;-C; heterocycloalkyl, a C,-C4 heterocycloalkyl ring fused to a

benzene ring, C,-C; alkylsulfonyl, arylthio, amino, C,-Cg alkyl-

amino, C,-C,; dialkylamino, hydroxy, hydroxyalkyl, carbamoyl, C,-

Cg N-alkylcarbamoyl, C,-C,s N,N-dialkylcarbamoyl, nitro, azido or

C,-Cyg dialkylsulfamoyl; and

wherein said guanidine exhibits high binding to the PCP receptor.

20. A neuroprotecting N,N,N’,N’-tetrasubstituted guanid-
ine which exhibits a high binding activity with respect to the
PCP receptor in mammalian nerve cells, wherein said guanidine is
N-methyl-N’-phenyl-N,N’-di-(1-naphthyl)guanidine, N-methyl-N’-
ethyl-N,N’-di-(1-naphthyl)guanidine, N,N’-di(1-naphthyl)-N,N’-
dimethylguanidine, N-(1-naphthyl)-N’-(3-ethylphenyl)-N,N’-
dimethylguanidine, or N-(1-naphthyl)-N’-(3-ethylphenyl)-N-ethyl-
N’ -methylguanidine.

21. N-Methyl-N‘-phenyl-N,N’-di-{1-naphthyl)guanidine.
22.  N-Methyl-N’-ethyl-N,N’-di-(1-naphthyl)guanidine.
23. N,N’-Di(1-naphthyl)-N,N’-dimethylguanidine.

2. N-(1-Naphthyl)-N’-(3-ethylphenyl)-N,N’-
dimethy'l guanidine.

25.  N-(1-Naphthyl)-N’-(3 ethylphenyl)-N-ethyl-N'-

methylguan'id'i ne. REPLACEMENT SHEET
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62 substituents, heteroaryl group, or a heteroaryl group substituted by o

or nore substituents; or a physiologically accepLab+e—saTT‘Thereof
wherein Said substituent is chloro, fluoro, brono, iodo, ‘
alkyl, Clerr]-Cerr] al koxy, cyano, C3-C[err] dialkyl am\m (]}!mml }‘
carboxan1do Clerr]-Clerr] alkylthio, allyl, aralkyl, ad érr
cycl oal kyl , aroyl, aral koxy, C2-CJerr] acyl, aryl, heteroaryl an aryl
fused to a benzene ring, a heteroaryl fus@d to a benzene ring, C3-Cerr]
het erocycl oal kyl, a %er r JA-hdthod Foheredtiay @l dislelisd of ithg nevemd $ystembenzene

ring, err e [ | kyl -
am go C[C[ er]r] C[C[ {a’{ ]r"I +{H {ﬁr?r’lmr%sm BF t‘?le é‘i’(}‘opﬁ’er ﬂ‘k‘ﬁ{]%car Eéﬂ#ﬁi’/? Y
Clerr]- Cerr] nNexsi wgammsyq! cetls éﬂ‘P'] ists Nfcﬂ"ax K‘?FWB&ﬂﬁ?’l‘P"iﬁrt ro,
aZihdg or ﬁ2 ﬁ[gff %@'ahmitﬁlstfmwh.o @ nfhmmal exhﬂﬁﬂ::mg rsyaptohsgofrsudh ne
exhi bits hi [ 0, i an C

39. The mgt ho 35%5% gsfgggf’gﬁ’%%? glﬁ'}'ndi%msaﬁde#r}gu‘r{ﬁeoﬁdgﬁy S
caused by excessof/@ H.d,N misfbsémég@waeidgnattamgethenfpmlrag t he
occurrence of hypoxia, hypoglycema, -

NH - ]
R-N-tl.-tll-ﬂ
R R"

wherein R, 'R’ and R* are a C,-Cs alkyl group, a C,-C; alkenyl
group, C,-Cg alkynyl group, cycloalkyl group, cycloalkyl group
substituted by one or more substituents, cycloalkenyl group,
cycloalkenyl group substituted with one or more substituents,
carbocyclic aryl group, carbocyclic aryl group substituted by one
or more substituents, alkaryl group, alkaryl group substituted by
one . or more. -substituents, aralkyl group, aralkyl group
substituted with one or more substituents, heterocyclic group,
heterocyclic group substituted by one or more substituents,

heteroaryl group, or a heteroaryl group substituted by one or
more substituents; '

or a physiologically acceptable salt thereof;

wherein said substituent is chloro, fluoro, bromo, iodo, C,-Cg
alkyl, C,-Cq alkoxy, cyano, C,;-C,s dialkylaminoalkyl, carboxy,
carboxamido, C,-C4 alkylthio, allyl, aralkyl, alkaryl, C,-C,
cycloalkyl, aroyl, aralkoxy, C,-C, acyl, aryl, heteroaryl, an aryl
fused to a benzene ring, a heteroaryl fused to a benzene ring,
C;-C¢ heterocycloalkyl, a C;-C4 heterocycloalkyl ring fused to a
benzene ring, C,-Cg alkylsulfonyl, arylthio, amino, C,-Cg alkyl-
amino, C,-C,s dialkylamino, hydroxy, hydroxyalkyl, carbamoyl, C,-
Cg N-alkylcarbamoyl, C,-C,5 N,N-dialkylcarbamoyl, nitro, azido or"-
C,-C,5 dialkylsulfamoyl; and '

wherein said guanidine exhibits high binding to the PCP receptor

in mammalian nerve cells. .. . REPLACEMENT SHEET

11 MAR 1997




brain or spinal chord ischema, or brain or spinal chord trauna. 40.
The met hod according to claim 39, wherein the N, N, N--—-disubstituted——
guani di ne S N, N -di - (I -napht hyl ) - N- et hyl - guani di

N, N - df - (m et hyl phenyl ) - N- et hyl guani dine, N (o- H“ﬂiﬂ““ﬂ““ I

| sopropyl phenyl)-N -net hyl -N - (1- napht hyl ) guani di ne, e s

et hyl phenyl ) - N-net hyl - N - (1- napht hyl )guani di ne, N-(I-naphthyl)-

N - (m et hyl phenyl)-N -ethyl guani di ne, Ns&\' - di - (| - napht hyl ) - N-

ﬁt RIW g!la?: di neht N‘ t;hyl ThE - ﬁmghXEmMNtNé1|aiﬁaﬂbt hthereiduapidi ne,

, N -di -(l-nap I ne ’

coumarinyl)-N - (3% 'f]y'lt }Fé'%h%“&d medWRh 408 ni gﬁ N’ -diq(l znaphthyl)-N-

coumarinyl)-N - (Mhﬁghwhdﬁyt,)ﬂ NI-dihym-gmbu’lphewé)M-@\bth}dpmm;&ﬁr)e.ﬂ (o-

N t(3 hﬁet h?/') pRF”Wsl; &ng Naimﬂﬁ hﬁwidﬁle,(& N- (m-

ni t ropheny

azi dophenyl )- N - hg%ag‘ "'I‘?Sh ]I\T-N( PiPE‘?gY ﬂgﬁ dings ?"“'—“@B’lth’” -

et hyl phenyl)-N - rlﬁt-tly-leglm]tmdnyie)-ﬂ'o-rethywdaﬁiklim,o IN W péit-H{ ) +japhthyl) -N-
ethylguanidine, - N-methyl-N’-(m-ethylphenyl)-N-( I-ndi_)hthyl )-
guanidine, N,N’-di-(1-naphthyl)-N-phenylguanidine, N-(8-
coumarinyl)-N’-(3-ethylphenyl)-N‘-methylguanidine, N-(8-
coumarinyl)-N’-(3-ethylphenyl)-N-ethylguanidine, N- (1-naphthyl)-
N’-(3-methylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(3-
nitrophenyl)-N’-methylguanidine, N-(l-naphthyl)-N’-(3-
azidophenyl)-N’-methylguanidine, N-(7-fluoro-1-naphthyl)-N’-(3-
ethylpheny1)-N’-methylguanidine, or N-(4-fluoro-1-naphthyl)-N’-
(3-ethylphenyl)-N’-methylguanidine; or a  physiologically
acceptable salt thereof. s

28. A method for treating a disease of the nervous system
in which the pathophysiology of the disorder involves excessive
excitation of nerve cells by agonists of NMDA receptors, compris-
ing the administration to a mammal exhibiting symptoms of such
disorders or is susceptible to such disorders an effective amount
of a N,N,N‘,N’-tetrasubstituted guanidine of the formula:

NH

R_?_ _N_RIII
R” R"

wherein R, R’, R" and R’’’ are independently a C,-Cg alkyl group,
a C,-Cg alkenyl group, C,-C, alkynyl group, cyc10a‘lky1 group,
cycloalkyl group substituted with one or more substituents,
cycloalkenyl group, cycloalkenyl group substituted with one or
more substituents, carbocyclic aryl group, cirbocyc]ic'ary'l group
substituted with one or more substituents, alkaryl group, alkaryl

group substituted with one or more substituents, aralkyl group,
aralkyl group substituted with one or more- substituents,
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63 (3-ethyl phenyl)-N -net hyl guani di ne; or a physi ol ogically . _
acceptabl e salt thereof. 41. A nmethod of -inhibiting NVDA
receptor-lon channel related neurotoxicity in a manal eXthItIHE

neur ot &xi city of susceptible thereto, conpr|3|ng a*ﬂﬂl u Hu l
an effective anmount of a N N, N N -tetrasubstituted

fornmul a: [err] mhergbn R R, R' and " Care
i ndependently a ([ er

c2-Cerr] al kynyl ebqt‘@&bg lg;éqlqygl 5 tegq 1c grot% thi%hil'fe%n&lthg%?llej pdr
more substituents, heteroary1 group, or a heteroaryl group
substituted with one or more substituents;
or a physiologically acceptable salt thereof;
wherein said substituent is chloro, fluoro, bromo, iodo, C;-Cg
alkyl, C,-C; alkoxy, cyano, C,-C,; dialkylaminoalkyl, carboxy,
carboxamido, C,-C; alkylthio, allyl, aralkyl, alkaryl, C,;-C,
cycloalkyl, aroyl, aralkoxy, C,-Cs acyl, aryl, heteroaryl, an aryl
fused to a benzene ring, a heteroany] fused to a benzene ring,
C;-Co heterocycloalkyl, a C5-Cq heterocyc]oa1ky1 ring fused to a
benzene ring, C,-C; alkylsulfonyl, arylthio, amino, C,-Cg alkyl-
amino, C,-C,; dialkylamino, hydroxy, hydroxyalkyl, carbamoyl, C,-
Cs N-alkylcarbamoyl, C,-C,g N,N-dialkylcarbamoyl, nitro, azide or
C,-Cyg dialkylsulfamoyl; and
wheretn said guanidine exhib1ts hlgh binding to the PCP receptor.

he arnnm
t he

29. The method of ciaim 28, wherein said N,N,N’,N’-
tetrasubstituted guanidine is N-methyl-N’-phenyl-N,N’-di-(1-
naphthyl)guanidine, N-methyl-N’-ethyl-N,N’-di-(1-naphthyl)-
guanidine, N,N’-di(1-naphthyl)-N,N’-dimethylguanidine, N-(1-
naphthyl)-N’-(3-ethylphenyl)-N,N’ -dimethylguanidine, or N-(1-
naphthyl)-N‘-(3-ethylphenyl)-N-ethyl-N’'-methylguanidine.

30. The method according to claim 26, wherein said
disease is Alzheimer’s disease, Parkinson’s disease, Huntington’s

disease, Amyotrophic Lateral Sclerosis, Down’s Syndrome or
Korsakoff’s disease.

31. The method according to claim 30, wherein the N,N,N’-
trisubstituted guanidine is N,N’-di-(1-naphthyl)-N-methyl-
guanidine, N,N’-di-(m-ethylphenyl)-N-methylguanidine, N-{o-
isopropylphenyl)}-N’-methyl-N’-(1-naphthyl)guanidine, 'N-(m-
ethylphenyl)-N-methyl-N’-(1-naphthyl)guanidine, N-(1-naphthyl)-
N’-(m-ethylphenyl)-N’-ethylguanidine, N,N’-di-(1-naphthyl)-N-"
ethylguanidine, N-methyl-N’-(m-ethylphenyl)-N-(1-naphthyl)-
guanidine, N,N’-di-(1-naphthyl)-N-phenylguanidine, N- (8-
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cybloalkyl group substituted by one or nore substituents,  _cycloal kenyl -
group, cycloal kenyl group substituted with one or nore substituents

carbocyclic aryl group, carbocyclic aryl group substiJEl”ﬂngm“HMrlmmre
substjtuents, alkaryl group, alkaryl group substitut ed{%aE ik
substituents, aral kyl group, aral kyl group substituted with one or nore
substituents, heterocyclic group, heterocyclic group substituted by one or

nore substituents, heteroaryl group, or eteroarlyl group substituted by
one or nore subscoumarinygl)-N’-(3-ethylphenyd) N ogethylguanidinm.abl M-8+t

tqher e]Of q V\he]r ei Pc&{i’da:iggw'i-g%h{ipﬁembmiathiiguem,inb,rmmna’pﬁﬂm )- -
err|- err a r - a X ano, 3 el ?

a1 al ky! ani noal kyl’~@z %{)J,he s x'&#@gﬁxﬂ@?ﬁ'-q@ﬂﬁ%ﬂ"ﬁb’r‘t)ﬁf‘oﬂ?‘a Iyl
aral kyl , al kar yl nitFophepyUp-N'\-oieshykguaniding) alal kemrphti®l GN~(B-acyl ,
aryl, heteroaryl a7 idpidnyl )Imslﬁétnmﬁnmrﬂéenﬁ(vimor@lhﬁm )eh’ fegsed to a
b . 3% Ret | .. a C3- t T ,
Pused o o Bens oREAPRRAYY N raethyduanidiag ars i (45 AoroLfmeshgt Hher o
Clerr]-derr] al k34ethylphenyl)cR--@pthylpuahidinesl andmno, ahydphysyolagycaldyyal kyl ,

carbanmoyl, Cerrles I ir banoyl, C2-Clerr] N, N-dial kyl carbanoyl,
nitro, azido or gee g‘;r]re% sgi-tg*%lkgﬁl fanoyl ; and

32. The method according to-claim 28, wherein said
disease is Alzheimer’s disease, Parkinson’s disease, Huntington’s
disease, Amyotrophic Lateral Sclerosis, Down’s Syndrome, or
Korsakoff’s disease.

33. The method of claim 32, wherein said N,N,N’,N‘-
tetrasubstituted guanidine is N-methyl-N’-phenyl-N,N’-di-(1-
naphthyl)guanidine, N-methyl-N’-ethyl-N,N’-di-(1 -napht_l_\y'l )-
guanidine, N,N’-di(1-naphthyl)-N,N’-dimethylguanidine, N-(1-
naphthy1)-N’-(3-ethylphenyl)-N,N’-dimethylguanidine, or N-(1-
naphthyl)-N’-(3-ethyiphenyl)-N-ethyl-N’-methylguanidine.

34. The method according to claim 26, wherein the mammal
is a human being suffering from epilepsy.

35. The method according to claim 34, wherein the said
N,N,N’-trisubstituted guanidine is N,N’-di-(1-naphthyl)-N-
methylguanidine,N,N'—di-(m-ethylphenyl)-N-methylguanidkne,N-(g;
isopropylpheny])-N'-methy]-N'-(l-naphthy])guanidine, N- (m-
ethylphenyl)-N-methyl-N’-{1-naphthyl)guanidine, N-(1-naphthyl)-
N’ -(m-ethylphenyl)-N’-ethylguanidine, N,N’-di-(1-naphthyl)-N-
ethylguanidine, N-methyl-N’-(m-ethylphenyl)-N-{1-naphthyl)-
guanidine, N,N’-di-(1-naphthyl)-N-phenylguanidine,  N-(8-
coumariny1)-N’-(3-ethylphenyl)-N’-methylguanidine, N-(8-
coumariny1)-N'-(3-ethy1pheny1)-N-éthy]guanidine,N-(l-naphthy])-
N’-(3-methylphenyl)-N’-methylguanidine, N-(1-naphthyl)-N’-(3-
nitrophenyl)-N’-methylguanidine, N-{(l1-naphthyl )-!{: -(3-
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manmmal i ap nerve cells. 42. The net hod accor
wherein said neurotoxicity is caused by excessive I I ous
glutanate foll owi ng the occurrence of hypoxi a, hypo

spinal chord ischem a, or brain or spinal chord trauna The
nmet hod of clain142 wherein said N, NN tetrasubstituted guanldlne S
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N—nethyl- - phenyi ht hyl ,

N- ot hol - N - bt hg{xdﬂp'\lm bFN %Qﬁfﬂo"ﬂm V79 38k0-1-naphthy1)-N’ - (3-
ethylphenyl)- N’-methylguan1d1ne, or N-(4-fluoro-1-naphthyl)-N’-
(3-ethylphenyl)-N’-methylguanidine; or a physiologically
acceptable salt thereof.

36. The method according to claim 28, wherein the mammal
is a human being suffering from epilepsy.

37. The method of claim 36, wherein said N,N,N’,N’-
tetrasubstituted guanidine is N-methyl-N’-phenyl-N,N’-di-(1-
naphthyl)guahidine, N-methyl-N’-ethyl-N,N’-di-(1-naphthyl)-
guanidine, N,N’-di(l-naphthyl)-N,N’-dimethyiguanidine, N-(1-
naphthyl)-N’-(3-ethylphenyl)-N,N’-dimethylguanidine, or N-(1-
naphthyl)-N’-(3-ethylphenyl)-N-ethyl-N’-methylguanidine; or a
physiologically acceptable salt thereof.

38. A method of inhibiting NMDA receptor-ion channel
related neurotoxicity in a mammal exhibiting such neurotoxicity
or susceptible thereto comprising administering to the mammal an

effective amount of a N,N,N’-trisubstituted guanidine having the
formula:

wherein R, R’ and R* are independently a C,-Cg alkyl group, a C,-
Cs alkenyl group, C,-C; alkynyl group, cycloalkyl group,
cycloalkyl group substituted by one or more substituents,
cycloalkenyl group, cycloalkenyl group substituted with one or
more substituents, carbocyclic aryl group, carbocyclic aryl group
substituted by one or more substituents, alkaryl group, alkaryl
group substituted by one or more substituents, aralkyl group,
aralkyl group substituted with one or more substituents,
heterocyclic group, heterocyclic group substituted by one or more
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substituents, heteroaryl group, or a heteroaryl group substituted

by one or more substituents;

or a physiologically acceptable salt thereof;
wherein said substituent is chloro, fluoro, bromo, iodo, C,-Cg
alkyl, C,-Cg alkoxy, cyano, Cs;-C,s dialkylaminoalkyl, carboxy,
carboxamido, C,-C; alkylthio, allyl, aralkyl, alkaryl, C,-C,
cycloalkyl, aroyl, aralkoxy, C,-Cq acyl, aryl, heteroaﬁy],'gn aryl
fused to a benzene ring, a heteroaryl fused to a benzene ring,
C;-C¢ heterocycloalkyl, a C;-C, heterocycloalkyl ring fused to a
benzene ring, C,-Cg alkylsulfonyl, aryltﬁio, amino, C,-Cg alkyl-
amino, C,-C,g dialkylamino, hydroxy, hydroxyalkyl, carbamoyl, C,-
Cs N-alkylcarbamoyl, C,-C,5 N,N-dialkylcarbamoyl, nitre, azido or
C,-Cys dialkylsulfamoyl; and _

wherein said guanidine exhibits high binding to the PCP
receptor in mammalian nerve cells.

39. The method according to claim 38, wherein said
neurotoxicity is caused by excessive release of endogenous
glutamate following the occurrence of hypoxia, hypoglycemia,
brain or spinal chord ischemia, or brain or spinal chord trauma.

40. The method according to claim 39, wherein the N,N,N’-
disubstituted guanidine 1is N,N’-di-(1-naphthyl)-N-methyl-
guanidine, N,N’-di-(m-ethylphenyl)-N-methylguanidine, N-(o-
isopropylphenyl)-N’-methyl1-N’-(1-naphthyl)guanidine, N-(m-
ethylphenyl)-N-methyl-N’-(1-naphthyl)guanidine, N-(1-naphthyl)-
N’-(m-ethylphenyl)-N’-ethylguanidine, N,N’-di-{1-naphthyl)-N-
ethylguanidine, N-methyl-N’-(m-ethylphenyl)-N-(1-naphthyl)-
guanidine, N,N’-di-(1-naphthyl)-N-phenylguanidine, N-(8-
coumarinyl)}-N‘-(3-ethylphenyl)-N’-methylguanidine, N-(8-
coumarinyl)-N’-(3-ethylphenyl)-N-ethylguanidine, N-(1-naphthyl)-
N’ -(3-methylphenyl)-N’-methylguanidine, N-{1-naphthyl)-N’-(3-
nitrophenyl)-N’-methylguanidine, N-{l-naphthyl)-N’-(3-
azidopheny1)-N’-methylguanidine, N-(7-fluoro-1-naphthyl)-N’-(3-

.ethylphenyl) N’-methylguanidine, or N-(4-fluoro-1-naphthyl)-N’-
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(3-ethy1pheny1)4N'-methy1guanidine; or a physiologically

acceptable salt thereof.

41. A method of inhibiting NMDA receptor-ion channel .
related neurotoxicity in a mammal exhibiting such neurotoxicity
_ of susceptible thereto, comprising administering to the mammal an
effective amount of a N,N,N’N’-tetrasubstituted guanidine having
the formula: -
NH

R-N-C-N-R’*"

|
R' R

wherein R, R’, R" and R’’’ are independently a C,-Cq alkyl group,
C,-C¢ alkenyl group, C,-C; alkynyl group, cycloalkyl group,
cycloalkyl group substituted by one or more substituents,
cycloalkenyl group, cycloalkenyl group substituted with one or
more substituents, carbocyclic aryl group, carbocyclic aryl group
substituted by one or more substituents, alkaryl group, alkaryl
group substituted by one or more substituents, aralkyl group,
aralkyl group substituted with one or more substituents,
heterocyclic group, heterocyclic group substituted by one or more
substituents, heteroaryl group, or a heteroaryl group substituted
by one. or more substituents; .
or a physiologically acceptable salt thereof;

wherein said substituent is chloro, fluoro, bromo, iodo, C,-Cg
alkyl, C,-Cg alkoxy, cyano, C;-C,s dialkylaminoalkyl, carboxy,
carboxamido, C,-Cg alkylthio, allyl, aralkyl, alkaryl, C;-Cg
cycloalkyl, aroyl, aralkoxy, C,-Cg acyl, aryl, heteroaryl, an aryl
fused to a benzene ring, a heteroaryl fused to a benzene ring,
C,-C¢ heterocycloalkyl, a C;-C; heterocycloalkyl ring fused to a
benzene ring, C,-C4 alkylsulfonyl, arylthio, amino, C,-Cg alkyl-
amino, C,-C,g dialkylamino, hydroxy, hydroxyalkyl, carbamoyl, C,-
Cg N-alkylcarbamoyl, C,-C,; N,N-dialkylcarbamoyl, nitro, azido or
€,-Cy5 dialkylsulfamoyl; and
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wherein said guanidine exhibits high binding to the PCP
receptor in mammalian nerve cells.

-~
-

42. The method according to claim 41, wherein said
neurotoxicity is caused by excessive release of endogenous
glutamate following the occurrence of hypoxia, hypoglycemia,
brain or spinal chord ischemia, or brain or spinal chord trauma.

43. The method of claim 42, wherein said N,N,N',N'-'
tetrasubstituted guanidine 1is N-methyl-N’-phenyl-N,N’-di-(1-
naphthyl)guanidine, N-methyl-N’-ethyl-N,N’-di-(1-naphthyl)-
guanidine, N,N’-di(1-naphthyl)-N,N’-dimethylguanidine, N-(1-
naphthy1)-N’-(3-ethylphenyl)-N,N’-dimethylguanidine, or N-(1-
naphthyl)-N’-(3-ethylphenyl)-N-ethyl-N’-methylguanidine; or a
physiologically acceptable salt thereof.
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TRI- AND TETRA-SUBSTITUTED GUANIDINES
AND THEIR USE AS EXCITATORY AMINO ACID
ANTAGONISTS

bstract ure :

Tri- and tetra-substituted guanidines which exhibit a high
binding affinity to phencyclidine (PCP) receptors and, more
preferably, low affinity to the brain sigma receptors. These
guanidine derivatives act as non-competitive inhibitors of
glutamate induced responses of the NMDA receptor by acting as
blockers for the ion channel of the NMDA receptor-ion channel
complex. These compounds thus exert neuroprotective activity and
are useful in the therapeutic treatment of neuronal loss in
hypoxia, hypoglycemia, brain or spinal cord ischemia, and brain
or spinal chord trauma as well as being useful for the treatment
of epilepsy, Alzheimer’s disease, Amyotrophic Lateral Sclerosis,
Parkinson’s disease, -Huntington’s disease, Down’s Syndrome, -
Korsakoff’s disease and other neurodegenerative disorders.
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