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~ Amidine derivatives useful in therapy

RoMp oS¢ 9% 0937;‘.¢

THIS SHEET K ]
AS
REPLACE BEEN

This invention relates to amidine derivatives, procésses for their preparation,
compositions containing them and their use in therapy.

" Certain mtrogen containing compounds have been descn'bed as neuroprotective
agents. International Patent Application WO 91/12797 (State of Oregon) teaches
tri- and tetrasubstituted guanidines as neuroprotective agents " US Patent 5266594
(Dawson et al) (published after the earliest priority date of this application)
describes the use of arginine derivatives in the treatment of stroke and other
neurodegenerative diseases. Also European Patent Application 547558
(Washington University) describes the use of aminoguanidine in the treatment of
immunological and other disorders.

The use of inhibitors of nitric oxide synthetas;e in the treament of disease has
also been described, for example, in International Patent Applications WO 94/12163
(Abbott) and WO 94/12165 (Wellcome) (both published after the earliest priority
date of this application) and European Patent Application 446699 (Merréll Dow).

Amidine derivatives have been described for use as herbicides in German Patent
Application DE-OS-2321330 (Bayer). N-phenyl amidine derivatives have also been
described for use in the treatment of diabetes in US Patent 3669974 (USV
Pharmaceutical Corp.) and UK Patent Application 2226562 (Boots). N'N”-
disubstituted amidines are described for use in the treatment of hypertension,
depression and hallicdnogenic states in International Patent Application WO
92/04054 (University of Oregon). The use of certain symmetric bisamidines as

- analgesics, in the treatment of inflammation and in the treatment of hypertension is

described in UK Patent No. 1180629 (Delalande).

A mumber of patent documents describe processes for the preparation of
amidines t';t"_'descn‘be the use of amidines as intermediates without disclosing any
pharmaceutical use for these compounds. Simple amidine derivatives are described
in UK Patent No. 1088095 (Merck) as intermediate%én the preparation of useful
benzimidazole derivatives. Processes for preparatton of other simple N-aryl and N-
heteroaryl amidines are described ih US Patent 3299081 (Merck) and ‘;l}ﬁonne
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containing amidine derivatives are described as chemical intermediates in Japanese

Patent Application No. 2229147 (Nissan) and in Japanese Patent Application No.
58057357 (Daikin).

We have now found a new group of amidine derivatives that possesses useful
pharmaceutical activity.

According to a first aspect of the invention, we provide a compound of formula

R1

RZ

D

wherein

D represents phenyl, pyridinyl or a 5 membered heterocyclic aromatic ring
containing 1 to 4 heteroatoms selected from O, S and N, which three groups are
optionally substituted by one or more groups selected from alkyl C1 to 6, alkoxy C1
to 6, halogen and perfluoroalkyl C1 to 6; or perfluoroalkyl C1 to 6;

R! represents hydrogen, alkyl C1 to 6 or halogen;

R? repfesents -X(CH,),ZCONR’R", -X(CH,),NHCO(CH,)NR°R*,

-X(CH,),NR°R*, -X(CH,),NHCOR?® or -(CH,) NHC(NH)R®; ,

R® and R* independently represent hydrogen, alkyl C1 to 6, -(CH,).A, - (CHZ),,OA
or CH(CH)CHDA; -

or -NR®R* together represent 1-indanyl, piperonylamino-, piperidinyl, morpholinyl,
pyrrolidinyl, 1,2,3,4-tetrahydroisoquinolinyl; or piperazinyl optionally 4-substituted by
alkyl C1 to 6;

R’ represents alkyl C1 to 6, perﬂuoroalkyl Cl1 to 6, -(CH,),A or

-O(CHA; |

A represents phenyl, pyridinyl, pyrimidinyl, or a 5 nﬁfnbered heterocyclic aromatic
ring containing 1 to 4 heteroatoms selected from O, S and N, which four groups are

e "
- £
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optionally substituted by one or more groups'selected from alkyl C1 to 6, halogen,
nitro, cyano and trifluoromethyl;
RS represernts phenyl, pyridinyl or a 5 membered heterocyclic arométic ring
containing 1 to 4 heteroatoms selected from O, S and N, which three groups are
optionally substituted by one or more groups selected from alkyl C1 to 6, alkoxy C1
to 6, halogen and perfluoroalkyl C1 to 6; or perfluoroalkyl C1 to 6;
n and r independently represént an integer in the range 0 to 6 inclusive;
p and w independently represent an integer in the range 1 to 5 inclusive;
m represents an integer in the range 2 to 5 inclusive;
qandt independéntly represent an integer in the range 0 to 5 inclusive;
s represents an integer in the range 1 to 3 inclusive;
X represents O or a bond;
Z represents O, NR’ or a bond;
R represents hydrogen or alkyl C1 to 6;
provided that:
(a) when D contains a heteroatom, it is not connected to the remainder of the
compound of formula I through the heteroatom;
(b)  when R? represents -X(CH,),ZCONRR* and neither X nor Z represent a
bond, then n represents an integer in the range 2 to 6 inclusive;
(¢)  when R? represents -X(CH,),NHCO(CH,) NR’R* or -X(CH,),NHCOR?,
and X represents O, then n represents an integer in the range 2 to 6 inclusive;
(d  when R? represents -X(CH,),NR°R* and X represents O, then p represents
an integer in the range 2 to 5 inclusive;
(e) when R? represents -(CH,),NHC(NH)RS, R! represents hydrogen, D
represents phenyl and R® represents phenyl, then q does not represent 0;
(f)  when R? represents -(CH,),NHC(NH)R®, R! represents hydrogen, D and
RS represent 2-chlorophenyl, then q does not represent 0;
(® when R? represents -(CH,),NHC(NH)RS, R' represents hydrogen, D and
R® represent 3-pyridinyl, then q does not represent & and
(h) when R? represents -(CH,) NHC(NH)RS, R! represents hydrogen, D and

RS represent 4-pyridinyl, then q does not represent 0; § ;:'
i |
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or a pharmaceutically acceptable salt thereof.

We prefer that D represents phenyl, pyridinyl or a 5 membered heterocyclic
aromatic ring containing 1 to 4 heteroatoms selected from O, S and N,
which three groups are optionally substituted by one or more groups selected from
alkyl C1 to 6, alkoxy C1 to 6, halogen or perfluoroalkyl C1 to 6.

We particularly prefer that D represents phenyl, thiophene, furan, pyrrole or
thiazole, which five groups are optionally substituted by one or more groups
selected from alkyl C1 to 6, alkoxy C1 to 6, halogen or perfluoroalkyl C1 to 6.

We more parﬁcularly prefer that D represents thiophene, pyrrole, furan or
thiazole which four groups are optionally substituted. by alkyl C1 to 6 or halogen.

We especially prefer than D represents thiophene, furan or pyrrole, most
especially thiophene.

We prefer most of all that D represents 2-thiophene.
We prefer that R! represents hydrogen.

When R? represents -X(CH,),ZCONRRY,
-X(CH,),NHCO(CH,),NR°R* or -X(CH,),NR’R*, we prefer that -NR’R* represents

| piperidinyl, morpholinyl, pyrrolidinyl, 1,2,3,4-tetrahydroisoquinolinyl or 1-indanyl, or

that at least one of R® and R* represents -(CH,),A or -(CH,),OA. We particularly

prefer that -NR®R* represents 1,2,3, 4—tetrahydr01soqumolmyl or 1-indanyl or that

one of R? and R* represents -(CH,),A and the other represents hydrogen or methyl.
We especially prefer that one of R® and R* represents -(CH,),A and the other
represents hydrogen or methyl =

&

When R? represents -X(CH,),NHCOR?®, we prefer that R® reprer_»gnf
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-(CH)A.

When R? represents -X(CH,),ZCONR’R’, -X(CH,),NHCO(CH,),NR°R",
-X(CH,),NR’R* or -X(CH,),NHCOR?, we prefer X to represent a bond.

When R? represents -X(CH,),ZCONR®R* and Z represents NR’, we prefer R’
to represent hydrogen.

When R? represents -X(CH,),ZCONR®R* we prefer Z to represent a bond.

When R? represents -(CH,) NHC(NH)R®, we prefer that R® represents phenyl
or a S-membered heterocyclic aromatic ring containing 1 to 4 heteroatoms selected
from O, S and N, which two groups are optionally substituted by one or more
groups selected from alkyl C1 to 6, alkoxy C1 to 6 and halogen. .

When R? represents -(CH,) NHC(NH)R’, we particularly prefer that R®
represents phenyl or thiophene, which two groups are optionally substituted by one
or more groups selected from alkyl C1 to 6 and halogen.

When R? represents -(CH,), NHC(NH)R®, we prefer that q represents 0, 1 or 2.
We particularly prefer that q represents 0 or 2, especially 0. '

When R? represents -(CH,) NHC(NH)R, q represents 0 and R® represents
phenyl optionally substituted by halogen, alkyl C1 to 6, or alkoxy C1 to 6 or R®
represents pyridinyl, then we prefer that D does not have the same definition as R®.

x>
When R? represents -(CH,), NHC(NH)R® and q represents 0, then we generally

prefer than R® does not have the same definition as D.
-
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When R? represents -X(CH,),NR’R* we prefer that p represents an integer in
the range 1 to 4 inclusive, particularly 1, 2 or 3, especially 1 or 2.

When R? represents -X(CH,),ZCONR®R", -X(CH,),NHCO(CH,),NR°R* or
-X(CH,),NHCOR?’, we prefer n to represent 1, 2 or 3, especially 2 or 3.

When R’, R* or R® represent -(CH,),A, we prefer r to represent an integer in
the range 0 to 4 inclusive, particularly 0, 1 or 2, more particularly 1 or 2, especially
1.

When R? or R* represent -(CH,),,OA, we prefer m to represent 2, 3 or 4.
When R® represents -O(CH,), A, we prefer w to represent 2, 3 or 4.

When R?® or R* represent -CHMe(CH,)A, we prefer t to represent 0, 1 or 2,
especially 0 or 1.

We prefer that A represents phenyl, pyridinyl, pyrimidinyl, thiophenyl or furanyl,
which five groups are optionally substituted by one or more groups selected from

alkyl C1 to 6 and halogen. We particularly prefer that A represents phenyl
optionally substituted one or more groups selected from alkyl C1 to 6 and halogen.

When D or R® represent perfluoroalkyl C1 to 6 we prefer that they represent
pentafluoroethyl or trifluoromethyl, especially trifluoromethyl.

We prefer that R? represents -X(CH,),NR’R* or -(CH,) NHC(NH)R®.
7

We prefer that the orientation of R? is meta or para to the nitrogen atom of the
amidine moiety. . ' =
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According to the invention, we further provide a process for the preparation of
compounds of formula I, and pharmaceutically acceptable salts thereof, which
comprises:
(a) preparing a compound of formula I, by reacting a corresponding compound
of formula II

NH

/U\ | 1

L D

wherein D is as defined above and L is a leaving group,
with a compound of formula III

wherein R! and R? are as defined above,
(b) preparing a compound of formula I, by reacting a corresponding compound
of formula IV

wherein D is' as defined above,
with a compound of formula V

NH, . HA
RL®/ v

wherein R! and R? are as defined above and HA is an acid,

(c) preparing a compound of formula I in which R? r:presents
-X(CH,),ZCONR’R’, -X(CH,),NHCO(CH,),NR’R* or -X(CH,),NR’R* and at Jeast
one of R? and R* represents alkyl C1 to 6, -(CH,),A¢"-(CH,),OA or
-CH(CH,)(CH,),A by reacting a corresponding compound of formula I in

: This Sheet Has Been Rep
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which one or both of R? and R* represents hydrogen with a compound of formula
VI,

RE-L VI

wherein R® represents alkyl C1 to 6, -(CH,)A, -(CH,),OA or -CH(CH,)(CH,)A
and L is-a leaving group,

(d) preparing a compound of formula I in which R? represents
-(CH,),NHC(NH)R® by reacting a corresponding compound of formula VII

wherein D, R! and q are as defined above,
with a compound of formula VIII

NH

)]\ Vitl

L~ RE

wherein RS is as defined above and L is a leaving group,
(e) preparing a compound of formula I in which R? represents
-(CH,),;NHC(NH)R® by reacting a corresponding compound of formula IX

W""z
nA.qu(cuz)q_éj [ I X

wherein D, R}, q and HA are as defined above,

with a compound of formula X

N

I X .
wherein R® is as defined above, -
® preparing a compound of formula I in which R? represents

-X(CH,),ZCONR’R* by reacting a corresponding compound of form;lg;?(l,

This Sheet Has Been Reilaced
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| "ﬁ/”“z
L°°Z(°"z)nxg D X |

wherein D, R}, X, n, Z and L are as defined above,
with a compound of formula XII,

RRUNH X1

wherein R? and R* are as defined above,
(g) preparing a compound of formula I in which R? represents
-X(CH,),NHCO(CH,),NR°R", by reacting a compound of formula XIII

N%}/""z
uzu(cn,)_nL@/ D X111

wherein D, R!, X and n are as defined above,
with a compound of formula XIV

R’R*N(CH,),cOL XIv

wherein R R* and s are as defined above and L is a leaving group,

(h) preparing a compound of formula I in which R? represents -
-X(CH,),NHCOR’, by reacting a compound of formula XIII with a compound of
formula XV '

R°cOL XV

wherein R’ is as defined above and L is a leaving group,

6)) preparing a compound of formula I in which R? represents
-X(CH,),ZCONR’R* and Z represents NR’ by reacting a<orresponding compound
of formula I in which R? represexits -X(CH,),ZCONR®R* and Z represents -NH
with a compound of formula XVI

=
R7-L XV | |
wherein R is as defined above and L is a leaving group, - ‘gif

This Sheet Has Been Reilaced -




10

15

20

30

THIS SHEET HAS BEEN
REPLACED

-10-
6)) preparing a compound of formula I in which R? represents -X(CH,) NR°R*,
and p is not less than 2, by reduction of a compound of formula XVII

o o,
Xvili
Rsunco(cuz)p-,xm

wherein D, X, R}, R3 R* and p are as defined above,

(k) preparation of a compound of formula I wherein R? represents
-X(CH,) ,NR°R* and both R® and R* represent hydrogen, by reduction of a
corresponding compound of formula XVIII

gi

“ﬁ/’”‘z |
Noz(cyz)px‘éj [ .. XV

wherein R}, D, p and X are as defined above,

()] preparing a compound of formula I wherein R? represents
-X(CH,),ZCONR’R*, Z represents O or NR” and R? represents hydrogen by
reacting a coinpound of formula XIX

W"“z
Hz-(cnz)",L@/ n X1X

wherein R?, D, X and n are as defined above and Z represents O or NR/,
with a compound of formula XX

R*-N=C-0 XX
wherein R* is as defined above,
(m) preparing a compound of formula I wherein R? represents

-X(CH,),NHCOR® and R® represents -O(CH,),A by reacting a compound of
formula XXI

1 »
R =

o-c-u-(cnz)nx_éj/ D o
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wherein R}, D, X and n are as defined above,
with a compound of formula XXII

A(CH,),OH XX 1|

wherein A and w are as defined above,

(n) preparing a compound of formula I wherein R? represents
-X(CH,),ZCONR’R* and Z represents O or NR’ by reacting a compound of
formula XIX with a compound of formula XXIII

0

)J\ XX111
NR3R4

L

- wherein R? and R* are as defined above,

(o) preparing a compound of formula I wherein R? represents -X(CH,) NR'R®,
R? represents hydrogen and p represents an integer 2 to 5, by reduction of a
compound of formula XXIV

Ri.

W""z
XX1V
R4-N-CH(cn2)p_1x_®/ D

whérein RY R%, D, X and p are as defined above,
(p) preparing a compound of formula I wherein R? represents -X(CH,),NR’R*,
one of R* and R* represents hydrogen, and the other represents -(CH,),A in which

- T represents an integer 2 to 6, by reduction of a compound of formula XXV

R'
N NH,
‘(CHz)"'CH-N-(GHI)px@T XXy

wherein R, A, D, r and p are as defined above,

()] preparing a compound of formula I wherein R? represents -
X(CH,),NR°R", one of R® and R* represents hydrogen, and the other represents -
(CH,),,OA, by reduction of a compound of formula _XXVI

_———/
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RI
' N NH,
Ao(cu,),,,_,'-cuw-(cuz)px_@/T XXVI

wherein R}, A, D, p and m are as defined above,

0} preparing a compound of formula I wherein R? represents -X(CH,),NR’R’,
one of R® and R* represents hydrogen, and the other represents -(CH,),A in which
I represents an integer 2 to 6, by reduction of a compound of formula XXVII

NH, |
A(CHz)quONH(CHz)PX—m | XXvil

wherein R, A, D, p and r are as defined above, or

(s) preparing a compound of formula I wherein R? represents -X(CH,) NR’R*,
one of R? and R* represents hydrogen, and the other represents (CH,),,OA, by
reduction of a compound of formula XXVIII

“\\,/N“z |
Ao(cuz)m;,couu(cuz)',x@ b XXVIII

wherein R!, A, D, p and m are as defined above,

and where desired or necessary converting the resultant compound of
formula I, or another salt thereof, to a pharmaceutically acceptable salt thereof, or
vice versa.

In process (a), the reaction will take place on stirring a mixture of the reactants
in a suitable solvent, for example a lower alkanol e.g. ethanol, isopropanol or
tertiary butanol, at a temperature between room temperature and the reflux
temperature of the solvent. The reaction time will depeng inter alia on the solvent
and the nature of the leaving group, and may be up to 48 hours, however it will
typically be from 1 to 5 hours. Suitable leaving groups that L. may represent

- include thioalkyl, sulphonic acid, trifluorocarbon su]ﬁfonic acid, halide, alkyl and

aryl alcohols and tosyl groups; others are recited in Advanced Organic Chemistry’,

&
—\ . '4
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J. March (1985) 3rd Edition, McGraw-Hill on page 315 and are well known in the
art.

In process (b), the reaction is preferably performed by refluxing a mixture of the
two compounds for several hours in the presence of a suitable solvent whereby the
reaction temperature is high enough so that condensation takes place readily, but
not sufficiently high to decompose the amidine formed. The reaction temperature
can vary from room temperature to about 250 °C, although it is preferable to
perform the reaction at temperatures from about 100 °C to 200 °C. We find that o-
dichlorobenzene is a particularly suitable solvent and it is useful to add 4-
dimethylaminopyridine as a catalyst. On cooling, two layers form, the solvent may
be decanted, and the reaction worked up by addition of aqueous base.
Alternatively, where the reactants are soluble in the solvent, the solvent may be
evaporated off under vacuum and the reaction mixture worked up by addition of
water. The acid HA may be an organic or inorganic acid, for instance,
hydrochloric, hydrobromic, hydroiodic, sulphuric, nitric, phosphoric, acetic, lactic,
succinic, fumaric, malic, maleic, tartaric, citric, benzoic or methanesulphonic acid.

In process (c), the reaction will take place under standard conditions, for
example by reacting the two materials in an inert solvent under basic conditions at
room temperature for a period of up to 12 hours. We have frequently found it
desirable to treat the amine with NaH before reacting with the compound of
formula II. We prefer that L represents halide, particularly bl;orrlide.

Process (d) may be performed under conditions analogous to those described

above for process (a). *

Process (e) may be performed under conditions analogous to those described
above for process (b). -

- £
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Processes (f), (g) and (h) may be performed under the standard conditions well

known in the art for condensation of an amine and a carboxylic acid or an activated
carboxylic acid to form an amide. For example, reaction of compounds to form
the amide may be achieved on stirring the reactants for 12-24 hours at a
temperature between 0 °C and 25 °C in water or a mixture of water and a less
polar solvent, for example dioxan, tetrahydrofuran or ethanol. We prefer to
perform the reaction under basic conditions, e.g. in the presence of aqueous sodium
carbonate or sodium bicarbonate.

Process (i) may be performed under standard conditions analogous to those
given above for process (c).

In process (j), the reduction may be perfomed by treatment with diborane in an

inert solvent e.g. THF. Alternative although less preferred reagents which may be

suitable include lithium aluminium hydride and reagents for catalytic hydrogenation
e.g. H; on Pd/C. Further details of the reaction conditions for use of these
reactions may be obtained by reference to J. March "Advanced Organic Chemistry”
on page 1099, including the references cited therein.

In process (k), the reduction reaction may be performed under a number of
conditions, for example those described in J March "Advanced Organic Chemistry"
on pages 1103-1104. These include catalytic hydrogenation, use of Zn, Sn or Fe
metal, AIH,-AICL, sulphides and others. We prefer to perform the reaction by
hydrogenation at atmospheric pressure for 3-6 hours in the presence of a palladium
and carbon catalyst.

In process (1) and (m), the reaction may be performed by stirring the reactants
in the presence of an inert solvent at a temperature between room temperature

and the reflux temperature of the solvent for up to %4 hours.

&
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Process (n) may be performed under conditions analogous to those described
above for processes (f), (g) and (h).

In processes (0), (p) and (q), the reduction may be performed by treating the
compound with sodium borohydride under standard conditions.

In processes (r) and (s), the reaction may be performed under conditions
analogous to those described above for process (j).

Salts of compounds of formula I may be formed by reacting the free acid, base
or a salt, enantiomer, tautomer or protected derivative thereof, with one or more
equivalents of the appropriate base or acid. The reaction may be carried out in a
solvent or medium in which the salt is insoluble or in a solvent in which the salt is
soluble, eg water, dioxan, ethanol, tetrahydrofuran or diethyl ether, or a mixture of
solvents, which may be removed in vacuo or by freeze drying. The reaction may be

a metathetical process or it may be carried out on an ion exchange resin.

It will be apparent to a person skilled in the art that it may be desirable to
protect a hydroxy, amine or other reactive group using a protecting group as
described in the standard text "Protecting groups in Organic Synthesis", 2nd Edition
(1991) by Greene and Wuts. Amine-protecting groups which may be mentioned
include alkyloxycarbonyl C2 to 7, eg t-butyloxycarbonyl, phenylalkyloxycarbonyl C8
to 13, eg benzyloxycarbonyl or preferably trifluoroacetate. Deprotection will
normally take placé on treatment with aqueous base.

- Compounds of formula II are either known or may be prepared by known
methods. For example, compounds of formula II in which L represents thioalkyl
may be prepared by treatment of the corresponding thiamide of formula XXIX

s _ <
)J\ - XXX
#
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wherein D is as defined above,
with an alkyliodide.

The compounds of formula III may be prepared by reduction of a
corresponding compound of formula XXX

. R!
NO,
Rz—®/ _ XXX
wherein R! and R? are as defined above.
- The reduction reaction may be performed under analogous conditions to those
described above for process (k).
Certain compounds of formula XXX are either known or may be prepared by
conventional methods known per se. Other compoﬁnds of formula XX may be

prepared from known compounds with simpler side-chains by following analogous
processes to those described above for processes (c) to (s).

Compounds of formula V may be prepared by analogous processes to those
described for the preparation of compounds of formula III. Compounds of formula
V may be converted to corresponding compounds of formula III by treatment with
a base. Compounds of formula III may be converted to corresponding compounds
of formula V by treatment with a protic acid HA, for example one of those listed
above.

Compounds of formula VII, IX, XI, XIII, XVII, XVIII, XIX, XXI, XXIV, XXV,
XXV], XXVII and XXVIII may be prepared by analogous processes to those

described for the preparation of compounds of formula L7

Compounds of formula VIII are either known orgnay be prepared by an
analogous process to that described above for preparation of compounds of formula

This Sheet Has Been Replaced
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Compounds of formula IV, VI, X, XII, XVI, XX, XXII, XXIII and XXIX are
either known or may be prepared by conventional methods known per se.

‘Compounds of formula XTIV and XV are either known or may readily be
prepared from the corresponding carboxylic acid which is either known or may be
prepared by conventional methods known per se.

Where necessary, hydroxy, amine or other reactive groups in intermediate
compounds may be protected using a protecting group as described in the standard
text "Protecting groups in Organic Synthesis”, 2nd Edition (1991) by Greene and
Wauts. -

- The compounds of the invention and mtermechates may be isolated from their
reaction mixtures by standard techniques.

The term "alkyl C1 to 6" includes straight chain, branched, saturated,
unsaturated, aliphatic and cyclic alkyl groups containing 1 to 6 carbon atoms.

The compounds of formula I may exist in tautomeric, enantiomeric or
diasteriomeric forms, all of which are included within the scope of the invention.
The various optical isomers may be isolated by separation of a racemic mixture of
the compounds using conventional techniques, e.g. fractional crystallisation, or
HPLC. = Alternatively the individual enantiomers may be made by reaction of the
appropriate optically active starting materials under reaction conditions which will
not cause racemisation.

: £

Intermediate compounds may also exist in enantiomeric forms and may be used

as purified enantiomers, diasiereomers, racemates or mixtures.
-

The compounds of general formula I possess useful pharmacological activity in

animals. In particular, they possess useful nitric oxide synthetase in%:'gﬁng activity,
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and are expected to be useful in the treatment or prophylaxis of human diseases or
conditions in which the synthesis or oversynthesis of nitric oxide forms a
contributory part; for example, hypoxia, e.g. m cases of cardiac arrest and stroke,
neurodegenerative disorders including nerve dégeneration and/or nerve necrosis in
disorders such as hypoxia, hypoglycemia, epilepsy, and in external wounds (such as
spinal cord and head injury), hyperbaric oxygen convulsions and toxicity, dementia
e.g. pre-senile dementia, Alzheimer’s disease and AIDS-related dementia,
Sydenham’s chorea, Parkinson’s disease, Huntington’s disease, Amyotrophic.Lateral
Sclerosis, Korsakoff’s .disease, imbecility relating to a cerebral vessel disorder,
sleeping disorders, schizophrenia, depression, seasonal affective disorder, jet-lag,
depression or other symptoms associated with Premenstrual Syndrome (PMS),
anxiety and septic shock. Compounds of formula I may also be expected to show
activity in the prevention and.reversal of tolerance to opiates and diazepines, |
treatment of drug addiction, relief of pain and treatment of migraine and other
vascular headaches. The compounds of the present invention may also show useful
immunosuppressive activity, be useful in the treatment or prophylaxis of
inflammation, in the treatment of of gastrointestinal motility disorders, and in the
induction of labour. |

Compounds of formula I are expected to be particularly useful in the treatment
of neurodegenerative disorders or of migraine or for the prevention and reversal of
tolerance to opiates and diazepines or for the treatment of drug addiction and
especially in the treatment of neurodegene_rative disorders.

Thus according to a further aspect of the invention we provide a compound of
formula I, or a pharmaceutxca]ly acceptable salt thereof, fer use as a
pharmaceutical. '

According to another feature of the invention we provide the use of a
compound of formula I, without provisos (e) to (h), or a pharmaceutlcally
| &
—_—
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acceptable salt thereof, in the manufacture of a medicament for the treatment of

- the aforementioned diseases or conditions.

For the above mentioned therapeutic indicationé, the dosage administered wili,
of course, vary with the compound employed, the mode of administration and the
treatment desired. However, in general, satisfactory results are obtained when the
compounds are administered to a human at a daily dosage of between 1 mg and
2000 mg (measured as the solid form) per day.

The compounds of formula I, and pharmaceutically acceptable salts thereof,
may be used on their own, or in the form of appropriate medicinal preparations for

- enteral or parenteral administration.

According to the invention, there is provided a pharmaceutical formulation
including preferably less than 80% and more preferably less than 50% of a
compound of formula I, or a pharmaceutically acceptable salt thereof, in admixture
with a pharmaceutically acceptable diluent or carrier.

- There is also provided a method of treatment of one of the aforementioned
diseases or conditions which comprises administering a therapeutically effective
amount of a compound of formula I, without provisos (e) to (h), or a
pharmaceutically acceptable salt thereof, to a person suffering from such a disease
or condition. |

Examples of such diluents and carriers are: for tablets and dragees: lactose,

~ starch, talc, stearic acid; for capsules: tartaric acid or lactoge; for injectable

solutions: water, alcohols, glycerin, vegetable oils; for suppositories: natural or

hardened oils or waxes.

Compositions in a form suitable for oral, i.e. oesophageal administration include:

tablets, capsules and dragees; sustained release compositions include glp?e in which
T\
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the active ingredient is bound to an ion exchange resin which is optionally coated
with a diffusion barrier to modify the release properties of the resin.

- The enzyme nitric oxide synthetase has a number of isoforms and compounds of
formula I, or pharmaceutically acceptable salts thereof, may be screened for nitric
oxide synthetase activity by procedures based on those of Bredt and Snyder in Proc.
Natl. Acad. Sci. (1990) 87, 682-685 and Foérstermann et. al. (1992) Eur. J. Pharm.
225,161-165 as follows. Nitric oxide synthetase converts *H-L-arginine to *H-L-
citrulline which can be separated by cation exchange chromatography and
quantified by liquid scintillation counting.

Screen A
(A)  Screen for neuronal nitric oxide synthetase activity

Enzyme was isolated from rat hippocampus or cerebellum. The cerebellum or
hippocampus of a male Sprague-Dawley rat (250-275g) is removed following CO,
anaesthesia of the animal and decapitation. Cerebellar or hippocampal supernatant
is prepared by homogenisation in 50 mM Tris-HCl with 1 mM EDTA buffer (pH
7.2 at 25 °C) and centifugation for 15 minutes at 20,000 g. Residual L-arginine is
removed from the supernatant by chromatography through Dowex AG-50W-X8
sodium form and hydrogen form columns successively, and further centrifugation at
1000 g for 30 seconds.

For the assay, 25 ul of the final supernatant is added to each of 12 test tubes
containing 25 ul L-arginine solution (of concentration 18 uM 'H-L-arginine, 96 nM
*H-L-arginine) and either 25 ul of an assay buffer (50 mM HEPES, 1 mM EDTA,
1.5 mM CaCl,, pH 7.4) or 25 pl of test compound in the buffer at 22 °C. To each
test tube was added 75 ul of complete assay buffer (50 mM HEPES, 1 mM EDTA,
1.5 mM CaCl,, 1 mM DTT, 100 uM NADPH, 10 ug/ml éalmodulin, pH 7.4) to
initiate the reaction and the reaction is stopped after 10 minutes by addition of 2 ml
of a termination buffer (20 mM HEPES 2 mM EDZA, pH 5.5).

Labelled L-citrulline is separated from labelled L-arginine by chromatography
over a Dowex AG-50W-X8 200-400 mesh column. 1 mi of each temg;gled
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reaction is added to an individual 1 ml column and the eluant combined with that
from two 1 ml distilled water washes and 16 ml of scintillatibn cocktail. The L-
citrulline is then quantified by scintillation counting.

In a typical experiment using the cerebellar supernatant, basal activity is
increased by 20,000 dpm/ml of sample above a reagent blank which has an activity
of 7,000 dpm/ml. A reference standard, N-nitro-L-arginine, which gives 60%
inhibition of nitric oxide synthetase at a concentration of 1 uM,'is tested in the
assay to verify the procedure.

Screen B
(B) Screen for macrophage nitric oxide synthetase activity

Enzyme is prepared, after induction, from the cultured murine macrophage cell
line J774A-1 (obtained from laboratories of the Imperial Cancer Research Fund).
J774A-1 cells are cultured in Dulbecco’s Modified Eagles Medium (DMEM)
supplemented with 10% foetal bovine serum, 4 mM L-glutamine and antibiotics
(100 units/ml penicillin G, 100 pg/ml streptomycin & 0.25 ug/ml amphotericin B).
Cells are routinely grown in 225 cm? flasks containing 35 ml medium kept at 37 °C
and in a humidified atmosphere containing 5% CO.,. |

Nitric oxide synthetase is produced by cells in response to interferon-y (IFN-y)
and lipopolysaccharide (LPS). The medium from confluent culture flasks is removed
and replaced with 25 ml (per flask) of fresh medium containing 1 ug/ml LPS and 10
units/ml IFN~.  After a period of 17-20 hours in culture, harvesting of cells is
accomplished by scraping the cell sheet from the flask surface into the culture
medium. Cells are collected by centrifugation (1000g for 10 minutes) and lysate
prepared by adding to the cell pellet a solution containing 50 mM Tris-HCl (pH 7.5
at 20 °C), 10% (vAv) glycerol, 0.1% (v/v) Triton-X-100, 041 uM dithiothreitol and a
cocktail of protease inhibitors comprising leupeptin (2 ug/ml), soya bean trypsin
inhibitor (10 pg/ml), aprotinin (5§ ug/ml) & phenylmethylsulphonyl fluoride (50

 pg/mi).
30

For the assay, 25 ul substrate cocktail (50 mM Tris-HCl (pH 7.5 at 20 °C), 400
uM NADPH, 20 ;M flavin adenine dinucleotide, 20 uM flavin moga‘fzcleotlde, 4
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kM tetrahydrobiopterin, 12 uM L-arginine and 0.025 xCi L-[*H] arginine) is added
to wells of a 96 well filter plate (0.45uM pore size) containing 25 ul of a solution of
test compound in 50 mM Tris-HCL. The reaction is started by adding 50 ul of cell

lysate (prepared as above) and after incubation for 1 hour at room temperature is

terminated by addition of 50 ul of an aqueous solution of 3 mM nitroarginine and
21 mM EDTA. . |

Labelled L-citrulline is separated from labelled L-arginine using Dowex AG-
SOW. 150 ul of a 25% aqueous slurry of Dowex 50W (Na* form) is added to the
assay after which the whole is filtered into 96 well plates. 70 ul of filtrate is
sampled and added to wells of 96 well plates containing solid scintillant. After
allowing the samples to dry the L-citrulline is quantified by scintillation counting.

In a typical experiment basal activity is 300 dpm per 70 ul sample which is
increased to 1900 dpm in the reagent controls. Aminoguanidine, which gives an
IC, (50% inhibitory concentration) of 10 uM, is tested as a standard to verify the
procedure.

Screen C -
© Screen for endothelial nitric oxide synthetase activity
Enzyme may be isolated from human umbilical vein endothelial cells (HUVECsS)
by a procedure based on that of Pollock et al (1991) Proc. Nat. Acad. Sci., 88,
10480-10484. HUVECs were purchased from Clonetics Corp (San Diego, CA,
USA) and cultured to confluency. Cells can be maintained to passage 35-40
without significant loss of yield of nitric oxide synthetase. When cells reach
confluency, they are resuspen&ed in 'Dulbeccp’s phosphate buffered saline,
centrifuged at 800 rpm for 10 mins, the cell pellet homogenised in ice-cold 50 mM
Tris-HC], 1 mM EDTA, 10% glycerol, 1 mM phenylmethylsulphonylfluoride, 2 uM
leupeptin at pH 4.2. Following centrifugation at 34,000 rpm for 60 mins, the pellet
is solubilised in the homogenisation buffer which also contains 20 mM CHAPS.
After a 30 min incubation on ice, the suspension is '?‘:%ntrifuged at 34,000 rpm for 30
mins. The resulting supernatant is stored at -80 °C until use. |
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For the assay, 25 ul of the final supernatant is added to each of 12 test tubes
containing 25 ul L-arginine solution (of concentration 12 M 'H-L-arginine, 64 nM
H-L-arginine) and either 25 ul of an assay buffer (50 mM HEPES, 1 mM EDTA,
1.5-mM CaCl,, pH 7.4) or 25 ul of test compound in the buffer at 22 °C. To each
test tube was added 25 ul of complete assay buffer (50 mM HEPES, 1 mM EDTA,
1.5 mM CaCl,, 1 mM DTT, 100 uM NADPH, 10 ug/ml calmodulin, 12 uM
tetrahydrobiopterin, pH 7.4) to initiate the reaction and the reaction is stopped
after 10 mins by addition of 2 ml of a termination buffer (20 mM HEPES, 2 mM
EDTA, pH 5.5).

Labelled L-citrulline is separated from labelled L-arginine by chromatography
over a Dowex AG-50W-X8 200-400 mesh column. 1 ml of each terminated
reaction is added to an individual 1 ml column and the eluant combined with that
from two-1 ml distilled water washes and 16 ml of scintillation cocktail. The L-
citrulline is then quantified by scintillation counting.

In a typical experiment, basal activity is increased by 5,000 dpm/ml of sample
above a reagent blank which has an activity of 1500 dpm/ml. A reference standard,
N-nitro-L-arginine, which gives 70-90% inhibition of nitric oxide synthetase at a
concentration of 1 uM, is tested in the assay to verify the procedure.

Compounds may also be tested in an ex-vivo assay to determine the extent of brain
penetration.
Screen D
(D)  Exvivo assay for neuronal nitric oxide synthetase activity

Male Sprague-Dawley rats (250-275g) were dosed intravenously at 10mg/kg with
test compound dissolved in 0.9% saline or with saline alone as control. Ata
predetermined time (typically 2-24 hours) after treatment, the animals were
sacrificed, the cerebellum removed and the supernatant p;epared and assayed for
nitric oxide synthetase activity as described in Screen A.

As a further confirmatory test, a fraction of the egfebellar supernatant was
apphed to a 2-5°-ADP Sepharose column (which binds nitric oxide synthetase) and
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subsequently eluted with NADPH. The eluant was tested for nitric oxide synthetase

_activity following the procedure of Screen A.

Compounds that penetrate the rat brain and inhibit neuronal nitric oxide
synthetase resulted in reduced nitric oxide synthetase activity both in the
supernatant preparation and in the eluant from the 2’-5°-ADP Sepharose column.

In the screens for nitric oxide synthetase inhibition activity, compound activity is
expressed as IC,, (the concentration of drug substance which gives 50% enzyme
inhibition in the assay). ICs, values for test compounds were initially estimated
from the inhibiting activity of 1, 10 and 100 xM solutions of the compounds.
Compounds that inhibited the enzyme by at least 50% at 10 uM were retested
using more appropriate concentrations so that an IC,, could be determined.

In Screen A above (a screen for activity against the neuronal isoform of nitric
oxide synthetase), the compound of Example 1 below gave an ICq, of less than 10
pM indicating that it is expected to show useful therapeutic activity. In Screens B
and C (the screens for activity against the macrophage and endothelial isoforms of
nitric oxide synthetase) the compound of Example 1 gave IC,, values more than 10
times that obtained in Screen A indicating that it shows desirable selectivity.

The compounds of Examples 2-20, 21(a)-(n), 22(a)-(e), 23(a)-(f), 24-26, 27(a),
(b), 28-47 and 49-71 were tested in Screen A and also gave IC,, values of less than
10 uM. Example 48 was tested in Screen A and gave an IC,, value of less than 100
pM. Example 72 was tested in Screen A and gave 17% inhibition at 10 gM. Thus
these compounds are also expected to show useful therapeutic activity.

. E 4 |

Compounds of formula I, and pharmaceutically acceptable salts thereof, have
the advantage that they are less toxic, more efficacious, more selective, are longer
acting, have a broader range of activity, are more pﬁént, produce fewer side
effects, are more easily absorbed, or have other useful pharmacological E,roperties

&
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than compounds prévious]y known and used in the therapeutic fields mentioned
above.

Compounds of formula I, and pharmaceutically acceptable salts thereof, may
also have the advantage that they are more selective for the neuronal isoform of
nitric oxide synthetase enzyme and are therefore expected to show useful
therapeutic activity with a reduced side-effect profile associated with inhibition of
the other isoforms.

The invention is illustrated by the following examples:

Exampie 1 |
N-(4-(2-((phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide

(a) N=(2-(4-nitrophenylethyl)trifluoroacetamide

To a stirred solution of 4-nitrophenethylamine hydrochloride (1.84 g, 9.10 mmol)
and triethylamine (3.03 ml, 21.70 mmol) in methanol (12 ml) was added
trifluoroacetic anhydride (1.51 mi, 10.66 mmol) dropwise. After stirring for 1
minute, the solvent was removed at reduced pressure and the remaining residue
was mixed with water and extracted with methylene chloride (3 X 20 ml). The
combined extracts were washed with water, dried over magnesium sulfate, filtered,
and concentrated to yield a solid which was recrystallized from methylene
chloride/hexane to give N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide as a white
solid: 1.92 g (80% yield); m.p. 103-104 °C. '

(b) N-(2-(4-nitrophenyl)ethyl)-N-(phenylmethyDtrifluoroacetamide

To a stirred solution of the product of step (a) (0.89 g, 3.40 mmol) in THF (5 ml)
at 0 °C was added NaH (60%, 0.18 g, 4.42 mmol) followed by benzyl bromide (0.50
ml, 4.10 mmol). The mixture was stirred at room temper;ture for 6 h, quenched
with water, and extracted with ethyl acetate ( 3 X 30 ml). The combined extracts
were washed with water, dried over magnesium sulfate, filtered, concentrated, and
chromatographed over silica gel (18% ethylacetate/hexane) to give N(2-(4-
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nitrophenyl)ethyl)-N-(phenylmethyl)trifluoroacetamide as a colourless oil: (0.52 g,
44%); M.S. M+H)*= 353,

(c¢) N-(2-(4-aminophenyl)ethyl)-N-(phenylmethyl trifluoroacetamide

To a stirred solution of the product of step (b) (0.52 g, 1.48 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give
N(2-(4-aminophenyl)ethyl)-N-(phenylmethyl)trifluoroacetamide which was
homogeneous by TLC and used immediately in the next reaction.

(d) | S-methyl-2-thiophenethiocarboximide hydroiodide

A solution of 2-thiophenecarboxthioamide (Maybridge Chemical) (11.1 g) in 60ml
of acetone was treated with iodomethane (13.4g). After 6 hrs at 22 °C, the
resulting yellow solids were collected by filtration, washed twice with 25ml of
acetone and dried to provide 18.45 g of S-methyl-2-thiophenethiocarboximide
hydroiodide, m.p.195 °C (dec).

© N-(4-(2-((phenylmethgl)ammo]ethgl]phegxl]-g-thloghenecarb@mldamld

To a solution of N(2-(4-aminophenyl)ethyl)-N-(phenylmethyl)trifluoroacetamide
(0.48 g, 1.48 mmol) in isopropanol (6 ml) was added S-methyl-2-
thiophenethiocarboximide hydroiodide (0.42 g, 1.48 mmol). The mixture was stirred
for 4 hr, diluted with methanol (5 ml) and 2 N NaOH (6 mI) and heated to 70 °C
for 1 hr. The solvents were removed at reduced pressure, and the residue was
dumped into water and extracted with ethyl acetate ( 3 X 30 ml). The combined
extracts were washed with water, dried over magnesium sulfate, filtered, and
concentrated to give a solid which was recrystallized (ethyl acetate/hexane) to yield
N-(4-(2-((phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white
solid: (0.17 g, 34%); m.p. 116-118 °C.

Example 2
N-(4-(1-((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide

(2) N=((4-nitrophenyl)methyl)trifluoroacetamide  #*
To a stirred solution of 4-nitrobenzylamine hydrochloﬁde (4.06 g, 21.5 _mmol) and

triethylamine (6.60 ml, 47.4 mmol) in methylene chloride (30 ml) wag ;ggded
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trifluoroacetic anhydride (3.34 ml, 23.7 mmol) dropwise. After stirring for 1 minute,
water was added and the layers separated. The aqueous layer was further extracted
with methylene chloride (3 X 20 ml) and the combined extracts were washed with
water, dried over magnesium Sulfate, filtered, and concentrated to yield a solid
which was recrystallized from methylene chloride/hexane to give N-((4-
nitrophenyl)methyl)trifluoroacetamide as a white solid: 3.9 g (73% yield); m.p. 97-
98 °C.

(b) N-(-(4—-nitrophengl)methyl)-N-{ phegxlrhetﬁl]trifluoroacetamide

To a stirred solution of the product of step (a) (1.0 g, 4.03 mmol) in THF (10 ml)
at 0 °C was added NaH (60%, 0.21 g, 5.24 mmol) followed by benzyl bromide (0.72
ml, 4.84 mmol). The mixture was stirred at room temperature for 12 h, quenched
with water, and extracted with ethyl acetate( 3 X 30 ml). The combined extracts
were washed with water, dried over magnesium sulfate, filtered, concentrated, and
chromatographed over silica gel (16% ethylacetate/hexane) to give N-((4-
nitrophenyl)methyl)-N-(phenylmethyl)trifiucroacetamide as a colorless oil: (0.50 g,
40%); M.S. M+H)*= 339.

(¢) N((4-aminophenylmethyl)-N-(phenylmethy)trifluoroacetamide

To a stirred solution of the product of step (b) (1.76 g, 5.16 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was
hydrogenated at 50 psi for 0.5 hr, filtered through celite, and concentrated to give
N{(4-aminophenyl)methyl)-N-(phenylmethyl)trifluoroacetamide which was
homogeneous by TLC and used immediately in the next reaction.

(d) N(-4-(1-((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide

To a solution of the product of step (c) (1.60 g, 5.16 mmol) in isopropanol (6 mI)
was added S-methyl-Z—thiophenethiocarboximide hydroiodide (the product of
Example 1, step (d)) (1.47 g, 5.16 mmol). The mixture wgs stirred for 24 hr at 40
°C, diluted with methanol (5 ml) and 2 N NaOH (15 ml) and heated to 70 °C for 1
hr. The solvents were removed at reduced pressure, and the residue was dumped
into water and extracted with ethyl acetate (3 X 3?? ;n]). The combined extracts
were washed with water, dried over magnesium sﬁlfate, filtered, concentrated and
'chromatographed over silica gel (8% methanol/ methylene chloride) ggive a solid
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which was recrystallized (ethyl acetate/hexane) to yield N-(4-(1-
((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide as a white solid:
(60 mg, 4%); m.p. 73-74 °C.

Example 3 _ '
N-(4-(1-(( ghenethgl )amino );gethyl )phenyl)-2-thiophenecarboximidamide

- (a) N=(2-phe Dtrifluoroacetamide

To a stirred solution of phenethylamine (4.91 g, 40.5 mmol) and tnethylamme (6.50
ml, 46.6 mmol) in methylene chloride (30 ml) was added trifluoroacetic anhydride
(6.3 ml,44.6 mmol) dropwise. After stirring for 1 minute, water was added and the
layers separated. The aqueous layer was further extracted with methylene chloride
(3 X 40 ml) and the combined extracts were washed with water, dried over
magnesium sulfate, filtered, and concentrated to yield a solid which was
recrystallized from methylene chloride/hexane to give N-(2-
phenylethyl)trifluoroacetamide as a white solid: 6.0 g 69% yield); m.p. 50-52 °C.

(b) N-(2-phenylethy])-N-((4-nitrophenylmethyl trifluoroacetamide

To a stirred solution of the product of step (a) (2.0 g, 9.26 mmol) in THF (10 ml)
at 0 °C was added NaH (60%, 0.37 g, 9.26 mmol) followed by 4-nitrobenzyl '
bromide (1.0 g, 4.63 mmol). The mixture was stirred at room temperature for 1 hr,
quenched with water, and extracted with ethyl acetate (3 X 30 ml). The combined
extracts were washed with water, dried over magnesium sulfate, filtered,
concentrated, and chromatographed over silica gel (16% ethylacetate/hexane) to
give N-(2- phenylethyl)-N-((4-nitrophenyl)methyl)triflucroacetamide as a colorless
oil: (1.60 g, 98%); M.S. (M+H)*= 353.

(c) N-(2-phenvlethyl)-N-((4-aminophenyl)methyDtrifluoroacetamide

To a stirred solution of the product of step (b) (1.60 g, 4.54 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was
hydrogenated at 50 psi for 0.75 hr, filtered through celite, and concentrated to gi've
N-(2—phenylethyl)-N-((4-aminophenyl)methyl)triﬂuﬁaacetamide which was

homogeneous by TLC and used immediately in the next reaction..
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To a solution of the product of step (c) (1.47 g,4.54 mmol) in isopropanol (5 mI)
was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of
Example 1, step (d)) (1.30 g,4.54 mmol). The mixture was stirred for 24 hr at 40
°C, diluted with methanol (S ml) and 2 N NaOH (10 ml) and heated to 70 °C for 1
br. The solvents were removed at reduced pressure, and the residue was dumped
into water and extracted with ethyl acetate ( 3 X 30 ml). The combined extracts
were washed with water, dried over magnesium sulfate, filtered, concentrated and
chromatographed over silica gel (10% methanol/methylene chloride) to give a solid
which was recrystallized (ethyl acetate/hexane) to yield N-(4-(1-((2-
phenylethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide as a white solid: (20
mg, 2%); M.S. (M+H)*= 336,

Example 4 _
N-(4-(2-((2-chlorophenylmethyllamino Jethyl)phenyl)-2-thiophenecarboximidamide

(a) N-(4-nitrophenyl)ethyl)-N-((2-chlorophenyl)methyl)trifluoroacetamide
To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (the product
of Example 1 step (a)) (2.0 g, 7.63 mmol) and a catalytic amount of 15-crown-5 in
THF (10 ml) at 0 °C was added NaH (60%, 0.18 g, 4.42 mmol) followed by 2-
chlofobenzyl bromide (1.49 ml, 11.45 mmol). The mixture was stirred at room
temperature for 2 hr, quenched' with water, and extracted with ethyl acetate( 3 X 30
ml). The combined extracts were washed with water, dried over magnesium sulfate,
filtered, concentrated, and chromatographed over silica gel (18%
ethylacetate/hexane) to give N-(2-(4-nitrophenyl)ethyl)-N-((2-
chlorophenyl)methyl)trifluoroacetamide as a colourless oil: (2.31 g, 78%); M.S.
(M+H)*= 353.
(b) N-(2-(4-aminophenyl)ethyl)-N-((2-chlorophenyl)methy]trifluoroacetamide
To a stirred solution ofthe product of step (a) (2.31 g, 5.96 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was
hydrogenated at 50 psi for 1 hr, filtered through ceTﬂé, and concentrated to give N-
(2-(4-aminophenyl)ethyl)-N-((2-chlorophenyl)methyl)triflucroacetamide Wwhich was
homogeneous by TLC and used immediately in the next reaction. gj
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(c) N=(4-(2-((2-chlorophenyimethyl}amino)ethyl)phenyl)-2-
thiophenecarboximidamide
To a solution of the product of step (b) (2.1 g, 5.96 mmol) in isopropanol (10 mI)
was added S-methyl-Z-ﬂﬁophenethiocarBo:dmide hydroiodide (the product of
Example 1, step (d)) (1.7 g, 5.96 mmol). The mixture was stirred for 24 hr, diluted
with methanol (10 ml) and 2 N NaOH (6 ml) and heated to 70 °C for 1 hr. The
solvents were removed at reduced pressure, and the residue was dumped into water
and extracted with ethyl acetate ( 3 X 30 ml). The combined extracts were washed
with water, dried over magnesium sulfate, filtered, concentrated and
chromatographed over silica .gel (10% methanol/methylene chloride) to give a solid
which was recrystallized (methylene chloride/hemné) to yield N-(4-(2-((2-
chlorophenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white
solid: (0.21 g, 10%); m.p. 81-82 °C.

Example 5
N-(4-(2-((3-fluorophenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
(a) N-((3-fluorophenyl)methyl)-N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide

To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (the product
of Example 1 step (a)) (1.5 g, 5.75 mmol) and a catalytic amount of 15-crown-5 in
THF (10 ml) at 0 °C was added NaH (60%, 0.25 g, 6.34 mmol) followed by 3-
fluorobenzyl bromide (1.40 ml, 11.45 mmol). The mixture was stirred at room
temperature for 4 hr, quenched with water, and extracted with ethyl acetate( 3 X 30
ml). The combined extracts were washed with water, dried over magnesium sulfate,
filtered, concentrated, and chromatographed over silica gel (18% ethyl
acetate/hexane) to give N-((3-fluorophenyl)methyl)-N-(2-(4- |
mtrophenyl)ethyl)tnﬂuoroacetam:de as a colourless oil: Q 63 g, 77%); M.S.
(M+H)*= 371

(b) N-(2-(4-aminophenyl)ethy)-N-((3-fluorophenyl)methyl)trifluoroacetamide

To a stirred solution of the product of step (a) (1._6‘? -g, 4.40 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amounf of 10% Pd/C. The mixture was
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentgﬁd to give N-
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(2-(4-aminophenyl)ethyl)-N-((3-flucrophenyl)methyl)triflucroacetamide which was
homogeneous by TLC and used immediately in the next reaction.

(c) N-(4-(2-((3-fluorophenylmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide '
To a solution of the product of step (b) (1.5 g, 4.40 mmol) in methanol (10 ml) was
added S-methyl-z-thiophenethiocarbmdmide hydroiodide (the product of Example 1,
step (d)) (1.3 g, 4.40 mmol). The mixture was stirred for 2 hr, diluted with
methanol (5 ml) and 2 N NaOH (8 ml) and heated to 70 °C for 1 hr. The solvents
were removed at reduced pressure, and the residue was dumped into water and
extracted with ethyl acetate ( 3 X 30 ml). The combined extracts were washed with
water, dried over magnesium sulfate, filtered, and concentrated to give a solid
which was recrystallized (methylene chloride/hexane) to yield N-(4-(2-(((3-
fluorophenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white
solid: (0.14 g, 8%); m.p.130-131 °C. '

Example 6 .
N-(4-(2-(((2-methyiphenyl)methyl)amino)ethyl)phenyl)-2-

thiophenecarboximidamide
(a) N-((2-methylphenyl)methyl)-N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide

To a stirred solution of N-(2-(4-nitrophenyl)ethyDtrifluoroacetamide (the product of
Example 1 step (a)) (1.5 g, 5.75 mmol) and a catalytic amount of 15-crown-5 in-
THF (10 ml) at 0 °C was added NaH (60%, 0.25 g, 6.34 mmol) followed by 2-
methylbenzyl bromide (1.53 ml, 11.45 mmol). The mixture was stirred at room
temperature for 2 hr, quenched with water, and extracted with ethyl acetate( 3 X 30
ml). The combined extracts were washed with water, dried over magnesium sulfate,
filtered, concentrated, and chromatographed over silica gel (18%
ethylacetate/hexane) to give N-((2-methylphenyl)methyl)-N-(2-(4-
nitrophenyl)ethyl)trifluoroacetamide as a colorless oil: (1.76 g, 84%); M.S.
(M+H)*= 367. #
(b)N=(2-(4-aminophenyl)ethyl)-N-((2-methylphenylymethyl)-trifluoroacetamide

&
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To a stirred solution of the product of step (a) (1.76 g, 4.82 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give N-
(2-(4-aminophenyl)ethyl)-N-((2-methylphenyl)methyl)-trifluoroacetamide which was
homogeneous by TLC and used immediately in the next reaction.
(¢) N-(4-(2-({(2-methylphenyl)methyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide _
To a solution of the product of step (b) (1.62 g, 4.82 mmol) in methanol (10 ml)
was added S-methyl-2-thiophenethiocarbo:dmidé hydroiodide (the product of
Example 1, step (d)) (1.37 g, 4.82 mmol). The mixture was stirred for 2 hr, diluted
with 2 N NaOH (8 ml) and heated to 70 °C for 1 hr. The solvents were removed
at reduced pressure, and the residue was dumpeéd into water and extracted with
ethyl acetate ( 3 X 30 ml). The combined extracts were washed with water, dried
over magnesium sulfate, filtered, and concentrated to give a solid which was
recrystallized (methylene chloride/hexane) to yield N-(4-(2-(((2-
methylphenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white
solid: (0.46 g, 28%); m.p.105-106 °C.

Example 7
N-(4-(2-(methylamino)ethyl)pheny])-2-thiophenecarboximidamide
(a) N-methyl-N-(2-(4-nitrophenyl)ethyl)}trifluoroacetamide

To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (the product of
Example 1 step (a)) (1.5 g, 5.75 mmol) and a catalytic amount of 15-crown-5 in
THF (10 ml) at 0 °C was added NaH (60%, 0.25 g, 6.34 mmol) followed by
methyliodide (0.71 ml, 11.45 mmol). The mixture was stirred at room temperature
for 4 hr, quenched with water, and extracted with ethyl azetate ( 3 X 30 mI). The
combined extracts were washed with water, dried over magnesium sulfate, fi]tered,
and concentrated to yield N-methyl-N-(2—(4~nitro%19¢nyl)ethyl)triﬂuoroacetamide a
colorless oil: (1.40 g, 88%); M.S. (M+H)*= 277.

(b) N-methyl-N-(2-(4-aminophenylethyl)trifluoroacetamide oy
. £
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To a stirred solution of the product of step (a) (1.45 g, 5.25 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give N-
methyl-N-(2-(4-aminophenyl)ethyl)trifluoroacetamide which was homogeneous by
TLC and used immediately in the next reaction.
() N-(4-(2-(methylamino)ethyl)phenyl)-2-thiophene imidamide
To a solution of the product of step (b) (1.32 g, 5.37 mmol) in methanol (10 mI)

‘was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of

Example 1, step (d)) (1.53 g, 5.37 mmol). The mixture was stirred for 2 hr, diluted
with 2 N NaOH (8 ml) and heated to 70 °C for 1 hr. The solvents were removed
at reduced pressure, and the residue was dumped into water and exfracted with
ethyl acetate ( 3 X 30 ml). The combined extracts were washed with water, dried
over magnesium sulfate, filtered, and concentrated to give a solid which was
recrystallized (methylene chloride/hexane) to yield N-(4-(2-((2-
methylphenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white
solid: (0.43 g, 31%); M.S. M+H)"= 260.

Example 8
N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide

(a) N-(2-(4-aminophenyl)ethyltrifluoroacetamide
To a stirred solution of N-(2-(4-mtrophenyl)ethyl)tnﬂuoroacetamlde (the product of

Example 1 step (a)) (1.00 g, 3.81 mmol) in THF/MeOH (100 ml, 1:1) was added a
catalytic amount of 10% Pd/C. The mixture was hydrogenated at 50 psi for 1 hr,
filtered through celite, and concentrated to give. N-(2-(4-
aminophenyl)ethyl)trifluoroacetamide which was homogeneous by TLC and used
immediately in the next reaction.

(©) N—(4—(2—at_mnoethyl)phegy]]-2-thloghenecarbommldamxde '

To a solution of the product of step (a) (0.88 g,3.81 mmol) in methanol (10 ml) was
added S-methyl-2-thiophenethiocarboximide hydroiaﬁi'de (the product of Example 1,
step (d)) (1.09 g, 3.81 mmol). The mixture was stirred for 12 hr, dxluted with 2N
NaOH (8 ml) and heated to 70 °C for 1 hr. The solvents were remov\;ﬁ at reduced
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pressure, and the residue was dumped into water and extracted with ethyl acetate (
3 X 30 ml). The combined extracts were washed with water, dried over magnesium
sulfate, filtered, and concentrated to give a solid which was recrystallized (ethyl
acetate/methanol) to yield N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide
as a white solid: (70 m g, 8%); m.p.134-137 °C.

Example 9

N-({4-morpholinylmethyl)phenyl)-2-thiophenecarboximidamide
(a) 4-(4-Nitrobenzyl)-morpholine.

To a stirred solution of (2.00g; 0.0093 mol) 4-nitrobenzyl bromide (Aldrich) and
(0.736g; 0.011 mol) potassium carbonate anhydrbus (Aldrich) in 20.0ml DMF was
added (0.796ml; 0.0093 mol) morpholine. The réactjon was heated to 50°C and
stirred for 30 minutes, after which time and additional 0.1 equivalents of
morpholine and potassium carbonate were added. After 30 minutes the reaction
mixture was quenched with 100 ml water and extracted with (4x100ml) ethyl
acetate. The organic layers were collected and dried over magnesium sulfate and
the solvent evaporated. The resulting solids were recrystallized from ethly acetate
and hexane to leave 1.90g of 4-(4-nitrobenzyl)-morpholine.

(b) 4-morpholinylmethyl)aniline
A (1.00g; 0.0045 mol) sample of 4-(4-nitrobenzyl)-morpholine was dissolved in 25ml

- each THF and methanol in a pressure bottle. A catalytic amount of 10% palladium

on carbon was added and the reaction hydrogenated. When hydrogen uptake had
ceased, the catalyst was removed by filtration and the solvents evaporated. The
solids were dissolved in 30ml each ethyl acetate and water, and 30 ml 2N sodium
hydroxide. The aqueous layer was extracted with (4x75ml) ethyl acetate. The
organic layers were collected, dried, over magnesium sulfite, and the solvent
evaporated under vacuum. The resulting solids were recrystallized from ethyl
acetate and hexane to leave 0.68g of (4-morpholinyjmethyl)aniline.

(©) N-( (Lmo:gholinglméthv_l )phenyl )-2-thiophénecarboximidamide'

To a stirred solution of the product of step (b) (0.68g; 0.0035 mblj ax}d,.%lSOml
isopropyl alcohol was added S-methyl-2-thiophenethiocarboximide h"ﬁﬁ)iodide (the
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product of Example 1, step (d)) (0.99g; 0.0035 mol). The mixture was stirred at
35C. To this mixture was added 10.0ml methanol along with 2M hydrochloric acid
in isopropyl alcohol added dropwise until all of the reactants were in solution. The
reaction was allowed to stir for 48 hours. The reaction was then diluted in 50ml
saturated sodium chloride and extracted with (3x75mL) ethyl acetate. The organic
layers were collected, dried over magnesium sulfate, and the solvent evaporated.
The crude product was separated on a silica gel column eluted with 10% methanol
in methylene chioride. The solvent was evaporated and the crude solid
recrystallized twice from ethyl acetate and hexane to leave 60mg of N-((4-
morpholinylmethyl)phenyl)-2-thiophenecarboximidamide, m.p. = 148-150°C.

Example 10

N-(3-(((phenyimethyl)amino)methyl ohenyl)-2-thiophenecarboximidamide bisoxalate
(a) N-(3-nitrobenzyl)benzamide

To a solution of 3-nitrobenzyl amine hydrochloride (2.45 g, 0.013 mol) in a solution
of 50 ml of methylene chloride and 50 ml of half saturated aqueous potassium
carbonate at 0 °C was added dropwise a solution of benzoyl chloride (2.1 g, 0.0149
mol) in 10 ml of methylene chioride. After addition was complete, the reaction
mixture was stirred for 2 h at 0 °C and was then allowed to warm to ambience
overnight. The organic layer was separated and was washed successively with dilute
hydrochloric acid and water. The dried (MgSO,) organic phase was concentrated in
vacuo to give 2.92 g (88%) of the title product, m.p. 136-8°C.

(b) N-benzyl-2.2.2-trifluoro-N-(3-nitrobenzyl)acetamide

To a solution of the product of step (a) (2.85 g, 11.1 mmol) in 50 ml of anhydrous
tetrahydrofuran at 0 °C under nitrogen was added 18.6 ml of a 1.0 M borane in
THF solution (18.6 mmol). The reaction mixture was then heated to reflux for 5.5
h. The solution was allowed to cool overnight and was then quenched by the
successive addition of 2 ml of methanol and 10 ml ?095'6 M hydrochloric acid. The
reaction mixture was again heated to reflux for 1 h. g Upon cooling to ambience,
the reaction mixture was basified and extracted into ether. The dried (MgSO4) was
concentrated to afford an oil. This oil was chromatographed on sﬂ@éﬁel using

_—
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methylene chloride as eluent to give 1.95 g (72 %) of benzyl-3-(nitrobenzyl)amine
as an oil. To a solution of the crude benzyl-3-(nitrobehzyl)amine (195 g, 8.05
mmol) and triethylamine (2.6 M, 18 mmol) in 20 ml of methylene chloride under
nitrogen at 0o C, was added dropwise triflluoroacetic anhydride (3.4 g, 16 mmol).
The reaction mixture was stirred for 10 minutes before pouring into water. The
organic layer was separated and dried over magnesium sulfate. The solution was
filtered and concentrated to give an oil. Chromatography on silica gel, using 20%
ethyl acetate in hexanes as eluent afforded 1.46 g (54%) of the product as an oil,
mass spectra m/e 339 (100%, M+H). |

(c) -(3-aminobenzyl}-N-benzyl-2,2 2-trifluoroacetamide .

To a solution of the product of step (b) (1.21 g, 3.58 mmol) dissolved in a solution
of 100 ml of methanol was added 20 ml of a saturated solution of hydrogen
chloride in isopropanol and 0.1 g of 5% Pd/C. The resulting solution was
hydrogenated at 50 psi for one hour. The catalyst was removed by filtration and
the filtrate was concentrated in vacuo solid. Trituration of this solid with ether
afforded 1.15 g (93%) of the title compound as the hydrochloride salt, m.p. 169-74
°C.

(d) N-(3-({(phenylmethyl)amino)me .l henyl)-2-thiophenecarboximidamide
To a solution of 0.25 g (0.94 mmol) of S-methyl 2-thiophenethiocarboximide
hydroiodide (the product of Example 1, step (d)) in 4 ml of isopropanol was added
0.41 g (1.3 mmol) of N-(3-aminobenzyl)-N-benzyl-Z,Z,Z-triﬂuoroacetamide (prepared
by taking the hydrochloride salt and neutralizing with 2.5 m NaOH and extracting '
into methylene chloride). The reaction mixture was stirred for 5 h. A solution (2
ml) of 2.5 M sodium hydroxide and about § drops of methanol was added and the
resulting solution was heated at reflux for 1 h. The solution was concentrated and

the product was extracted into ethyl acetate. The solutioa was dried and

‘concentrated to give a solid. This solid was dissolved in ethanol and oxalic acid

dihydrate (0.16 g, 1.3 mmol) was added. The resultmg salt was collected and dried
to give 0.26 g (55%) of the title compound as the bls oxalate salt, mp 178-183 °C.

Example 11 | . ﬁf
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An alternative synthesis for the compound of Example 2.
N-(4-(((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide

(a) N-(4-nitrobenzyl)benzamide)

- This compound was prepared following the method of Example 10, step (a) From

4-nitrobenzyl amine (2.45 g, 0.013 mol) and benzoyl chloride (2.1 g, 0.0149 mol) was
isolated 2.56 g (77%) of the title product, m.p. 150-3 °C.

(b) N-benzyl-2,2.2-trifluoro-N-(4-nitrobenzyl)acetamide

This compound benzyl-(4-nitrobenzyl)amine was prepared using the method
described in Example 10, step (b) for the preparation of benzyl-3-
(nitrobenzyl)amine. From 2.49 g (9.36 mmol) of N-(4-nitrobenzyl)-benzamide and
18.6 ml of 1.0 M borane in THF was obtained 3.12 g of the crude benzyl-(4-
nitrobenzyl)amine, which was used without further purification. This crude product
was mixed with 4.3 ml of triethylamine in 40 ml of methylene chloride at 00C under
nitrogen. To this solution was added dropwise 3.6 ml of trifluoroacetic anhydtide.
The solution was stirred for 10 minutes and was poured into water and separated.
The dried organic phase was dried (MgSO,) and concentrated to give 3.1 g (94%)
of the title éompound as an oil.

© | N-(4-aminobenzyl)-N-benzyl-2.2.2-triflucroacetamide

This compound was prepared using the method described in Example 10, step (c)
for the preparation of N-(3-aminobenzyl)-N-benzyl-2,2,2-triflucroacetamide. From
N-benzyl-2,2,2-trifluoro-N-(4-nitrobenzyl)acetamide (3.1 g, 9.2 mmol) was obtained
2.46 g (78%) of the title compound as the hydrochloride salt following
hydrogenation. Recfystallization from isopropanol and ether gave 1.74 g of pure
material, mp 115-9 °C.

(d) N-(4-(((phenylmethylamino)methyl)phenyl)-2-thiophenecarboximidamide
From 0.60 g (1.9 mmol) of the free base of N-(4-aminobgnzyl)-N-benzyl-2,2,2-
trifluoroacetamide and 0.42 g (1.6 mmol) of S-methyl 2-thiophenethiocarboximide
(prepared by taking the hydrochloride salt produced by following a method
analogous to that of anmple 1, step (d), and neutfﬁizing with 2.5 m NaOH and
extracting into methylene chloride) in 4 ml of isopropanol. The reaction. mixture
was stirred for 5 h. A solution (2 ml) of 2.5 M sodium hydroxide a.gjﬁout 5 drops
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of methanol was added and the resulting solution was heated at reflux for 1 h. The
solution was concentrated and the product was extracted into ethyl acetate. “The
solution was dried and concentrated to give a solid. This was converted to the bis
oxalate in isopropanol and then recrystallized from 95% ethanol to give 110 mg
(10%) of the title compound, mp 209-13 °C.

Example 12 .

The following compounds were prepared following the method of Example 1:
(a) =(4-(2-(({2.6-dichloropheny)methyl)amino)ethyl)phenyl)-
2-thiophenecarboximidamide m.p. 104-105 °C

(b) =(4-(2-(({2-bromophenylymethyl)amino)ethvl)phenyl)-2-

thiophenecarboximidamide m.p. 81-82 °C :

(c) N-(3-(2-((Phenylmethyl)amino)ethyl)phenyl)-3-thiophenecarboximidamide
dihydrochloride, m.p. 145-147 °C

) -(4-(2-((2.6-dichlorophenylmethyl)amino)ethyl)phenyl
-3-thiophenecarboximidamide free base, m.p. 109-110 °C _

(e) N-(4-(2-aminoethyl)phenyl)-3-thiophenecarboximidamide dihydrobromide
m.p. 158-170 dec '
®
N-(4-(2-((2.6-dichlorophenylmethyl)amino)ethyl)phenyl)-2-furanocarboximidamide
free base, m.p. 101-104 °C

®
base, m.p. 110-111 °C

(h) N-(4-(2-aminoethyl)phenyl)-2-furocarboximidamide dioxalate, m.p. 162 °C

dec

Example 13
The followmg compounds were prepared followmg the method of Example 9:
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dihydrobromide m.p. 248-250 °C

Example 14

The following compound was prepared following the method of Example 10:
N-(3-(((phenylmethyhamino)methyl)phenyl)-2-thiophenecarboximidamide
dimaleate m.p. 171-173 °C

Example 15
The following compound was prepared following the general method of Example 1

starting at step (e) by reacting S-methyl-2-thiophenecarboximide hydr01od1de

‘with 3-(methylamino)phenylamine.

N-(3-({amino)methvlphenvl)-2-thiophenecarboximidamide

dimaleate m.p. 145-148 °C

Example 16 _

The following compound was prepared following the method of Example 10
N-(3-(2-((phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine Dioxalate
m.p. 132134 °C

Example 17
N-(3-(2-(Ethylamino)ethyl)phenyl)-2-thiophenecarboximidamide

(a) (3-Nitrophenyhacetyl chloride
A stirred solution of 3-nitrophenylacetic acid (10.0 g, 55.2 mmol) in thionyl chloride

(100 ml, 1.37 mol) was heated at reflux for 2 houi's, then concentrated to yield 11.1
g of (3-nitrophenyl)acetyl chioride as a tan solid. |

(b) N-Ethyl-2-( 3-nitrogheng] Jacetamide -

To a stirred solution of 70 wt % ethylamine in water (35 ml) cooled on an ice bath
was added in one portion (3-nitrophenyl)acetyl chloride (3 g, 15.0 mmol). Resuiting
mixture was warmed to achieve a clear solution, alfg’\;ed to cool. Resulting
precipitate was filtered to yield N-ethyl-2-(3-nitrophenyl)acetamide as a yellow solid:

(2 2 g, 71%); m.p. 115-117 °C. f:‘}
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(c) Ethyl-(2-(3-nitrophenyl)ethyl)amine hvdrochloride
To a stirred solution of the product of step (b) (2.2 g, 10.6mmol) in tetrahydrofuran

(50ml) under nitrogen, was added dropwise 1.0M borane-tetrahydrofuran (42ml,
42mmol). Reaction was heated at reflux for 1.5 hours, cooled on ice bath, then
aqueous 6N HCl (75ml) added dropwise. The resulting mixture was refluxed for 1
hour, basiﬁed to pH 11 with 20% aqueous sodium hydroxide, extracted twice with
ether. Combined extracts were dried over magnesium sulfate, filtered, |
concentrated. The hydrochloride salt of the crude was made from isopropanol and
ethyl acetate to yield ethyl-(2-(3-nitrophenyl)ethyl)amine hydrochloride as a light
yellow solid: (1.7g, 70%); m.p. 186-188 °C. '

(d) 3-(2-Ethylamino-ethyl)phenylamine hydrochloride

To a solution of the product of step (c) (1.7g, 7.0mmol) in methanol (30ml) was
added a catalytic amount of 10% palladium on carbon. The mixture was

hydrogenated at 50 psi for 30 minutes, filtered through celite, concentrated to yield
3-(2-ethylamino-ethyl)phenylamine hydrochloride as an off-white solid: (1.4g,
100%); m.p. 192-194 °C,

To a solution of the product of step (d) (1.4g, 7.0mmol) in mopropanol (20ml) and -
dimethylformamide (20ml) was added S-methyl-z-thlophenethlocarbonmlde
hydroiodide (2.5g, 8.8mmol). The mixture was stirred for 16 hours, diluted with
20% aqueous sodium hydroxide, and extracted twice with ethyl acetate. The
combined extracts were washed twice with water, dried over magnesium sulfate,
filtered, and concentrated to give 2.7g of an oil. The dihydrobromide salt was made
from isopropanol and ethyl acetate, recrystallized from isopropanol, methanol, and
ethyl acetate to yield N-(3-(2-(ethylamino)ethyl)-phenyl)-2-
thiophenecarboximidamide dihydrobromide as a tan solid: (1.72g, 49%); m.p. 192-
194 °C (dec). 7

Example 18 =
N-(3 3-((Phenylethxl)amino')gropxl)ghengl)-2-thiop' henecarboximiglamide dioxalate

P

(a)_3-(3-Phenylethylamino-propyl)phenylamine dihvdrochioride ) }»'
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This was prepared following a method analogous to that of Example 17, steps (a)-
(d).
(b) N-(3-(3-((Phenylethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide
dioxalate

To a solution of the product of step (a) (3.0 g, 9.17 mmol) and S-methyl-2-

~ thiophenethiocarboximide hydroiodide (3.3 g, 11.5 mmol) in isopropanol (25ml) and

dimethylformamide (25mi) was added pyridine (0.74 mi, 9.17 mmol) in one portion.
The mixture was stirred for 16 hours, diluted with 20% aqueous sodium hydroxide,
and extracted twice with ethyl acetate. The combined extracts were washed twice
with water, dried over magnesium sulfate, filtered, and concentrated. The dioxalate
salt of the crude was made from ethanol and ether, recrystallized from ethanol to
yield N-(3-(3-((phenylethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide
dioxalate as the white solid: (2.3 g, 44%); m.p. 102-105 °C.

Example 19
N-(3-(2-(((2-Bromophenyl)methvl)amino)ethyl)phenvl)-2-thiophenecarboximidamide
(2) N-(2-Bromobenzyl)-2-(3-nitrophenyl)acetamide

This was prepared following a method analogous to that of Example 17, steps (a)-
(o).

(b) N-(2-Bromobenzyl)-2-(3-aminophenyl)acetamide

To a solution of the product of step (a) (5.45 g, 15.6 mmol) in 85% glacial acetic
acid (400 ml) was added in one portion the zinc dust (10.2 g, 156 mmol). Reaction
was stirred for 30 minutes, filtered, and concentrated. The residue was partitioned
with 20% aqueous sodium hydroxide and dichloromethane, the organic layer was
dried over magnesium sulfate, filtered, concentrated to yield N-(2-bromobenzyl)-2-
(3-aminophenyl)acetamide as a white solid: (4.7 g, 94%); m.p. 110-112 °C.

(¢) 3-(2-(2-Bromobenzylamino)ethyl)phenvlamine dihydrochloride

This was prepared following a method analogous to that of Example 17, step (c).
(d) N-(3-(2-(((2-Bromophenyl)methyl)amino)ethyl hen 1 -2-

thloghenecarboxnmldamlde dioxalate .
This was prepared following a method analogous to that of Exampl%ﬂ step (b).
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m.p. 175-8 °C (dec)

(a) (2-(3-Nitrophenylethyl)phenylamine

This was prepared fo]lowmg a process analogous to that of Example 17, steps (a)-
(¢)- |

(b) 2.2.2-Trifluoro-N-(2-(3-nitrophenyl)ethvl)-N-phenylacetamide

This was prepared following a process analogous to that of Example 1, step (a);
(¢)_2.2.2-Trifluoro-N-(2-(3-aminophenyl)ethyl)-N-phenvlacetamide

This was prepared following a process analogous to that of Example 1, step (c).
(d) N-(3-(2-(Phenylamino)ethyl)phenyl)-2-thiophenecarboximidamide
dihydrobromide _ |

This was prepared following a process analogous to that of Example 1, step (e).
m.p. 235-240 °C (dec).

Examgle 21

The following compounds were prepared following a process analogous to that of
Example 17: _

(a) N-(4-(2-( Ethvlamino Jethyl)phenyl)-2-thiophenecarboximidamide
dihydrobromide, m.p. 176-178 °C

(b) N-(4-(2-(2-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide
dihydrobromide, m.p. 240-242 °C (dec)

(c) N-(4-(2-(1-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide
dihydrobromide, m.p. 233-235 °C (dec)

(d).  N-(4-(2-(t-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide
dlhydrobromlde, m.p. 241-242 °C

dihydrobromide, m.p. 238-240 °C

(f) N-(3-(2-(Methylamino)ethyl)phenyl)-2-thiophenecarboximidamide
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(2 N-(3-(2-(1-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide

dihvdrobromide, m.p. 72-75 °C (softened)

(h) N-(3-(2-(t-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide
dihydrobromide, m.p. 232-235 °C (dec)

(i) N-(3-(2-(2-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide

- dihydrobromide, m.p. 206-210 °C (dec)

(i) N-(3-(2-aminoethyl)phenyl)-2-thio henecarboximidamide dihydrobromide, m.p. -

194-199 °C

dxhydrobromlde, m.p. 232-233 °C (dec)

(k) N-(3-(2-(Dimethylamino)ethyl)phenyl)-2-thiophenecarboximidamide

dihydrobromide,
m.p. 75-80 °C (softened)

(m)

thiophenecarboximidamide dioxalate,

m.p. 172-175 °C (dec)
(n)

carboximidamide dioxalate, m.p. 138-142°C
(o) N-(4-(2-(3.5-bistrifluoromethylphenylmethyl)amino)ethyl)phenyl-2-
thiophenecarboximidamide free base, m.p. 98-100 °C
(p) N-( 4-(2-(diethvlamino)ethyl)phenyl-2-thiophenecarboximidamide free base,

m.p. 113-115 °C

C)] N-(4-(2-((3-chlorophenylmethyl)amino)ethyl

benzenecarboximidamide dihvdrochloride, 253-254°C
(r) N=(4-(2-((3-chlorophenylmethyl)amino)ethyl)phenyl)-3-chlorothiophene-2-

carboximidamide dihvdrochloride, 257°C

(s) N-(4-(2-((4-methylphenvimethyvl)amino)ethyl

dihvdrochloride, 218-219°C

henyl)-

henvl)-2-thiophenecarboxamidine

#

(t) N-(4-(2-(piperonylamino)ethvl)phenyl)-2-thiophenecarboxamidine

dihvdrochloride, m.p. 205-6 °C
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Example 22
The following compounds were prepared following a proéess analogous to that of

Example 18:

(a) N-(3-(2-(((2-ChlorophenylYmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide dioxalate,

m.p. 155-157 °C (dec)

(b) N-(3-(3-((Phenylmethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide
dioxalate,

m.p. 138-141 °C (dec)

(c) N-(4-(2-(((3-ChlorophenylYmethyl)amino)ethvl)phenyl)-2-
thiophenecarboxamidine dioxalate, m.p. 216-217 °C

(d) N-(4-{2-(((4-Chlorophenylymethyl)amino)ethyl)phenyl)-2-
thioghenecarboxarﬁidine dioxalate, m.p. 203-204 °C

(e) N-(4-(2-(((3-Chlorophenylymethy)amino)ethyl)phenyl)-3-chlorothiophene-
2-carboximidamide dihydrochloride m.p. 257-258°C

(f) N-(4-(3-(ethylamino)propyl)phenyl-2-thiophenecarboximidamide dioxalate, m.p.
98-100 °C

Example 23

The following compound was prepared following a process analogous to that of

Example 19:

(a) N-(3-(2-((N-Phenylmethyl-N-methyl)amino)ethyl)phenyl)-2-

thiophenecarboximidamide, free-base

m.p. 85-87 °C

(b) N-(4-(2-((N-Phenylmethvl-N-methyl)amino)ethyl )phenvl )-2-thiophene

carboximidamide, free base #

m.p. 110-112 °C

(c) N-(3-(2-(((3-ChlorophenylYmethyl)amino)ethvl)phenyl)-2-

thiophenecarboximidamide dioxalate, m.p. 185-88°°C (dec)

(d) N-(3-(2-(((3-fluoropheny)methyl)amino)ethvl)phenyl-2- - o

thiophenecarboximidamide dioxalate, m.p. 183-4 °C ﬁif
[
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(e) N-(4-(3-(((3-Chlorophenyl)methyl)amino)propyl)phenyl)-2-thiophene
carboximidamide dioxalate, m.p. 212-215 °C '
(£) N-(4-(3-((phenylmethyl-N-methyl)amino)propyl)pheny])-2-thiophene

carboximidamide dihydrobromide, m.p. 228-232°C(dec)
(3] N-(4-(2-((ethyl)(phenylmethyl)amino)ethyl)phenyl)-2-

thiophenecarboximidamide free base,

m.p. 87-89 °C

(h) N-(4-(2-((propyvl)(phenylmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide free base,

m.p. 100-102 °C

() N-(4-(2-((1.1-dimethylethyl)(phenylmethyl)amino)ethyl)phenyl)-2-

thiophenecarboximidamide free base, m.p. 145-148 °C
() N-(4-(2-(((3.4-dichlorophenvl)methyl)amino)ethyl)phenyl)-2-

thiophenecarboximidamide free base, m.p. 111-114 °C

Example 24 |
N-(4-(3-((phenylamino)carbonvl)propvl)phenyl)-2-thiophenecarboximidamide

(a) 4-(3-((phenylamino)carbonyl)propvl)aniline

A stirred solution of 4-(4-nitrophenyl)butyric acid (5.0 g; 0.023 moles) in 20 ml of
thionyl chloride was refluxed for 4 hours. The solvent was evaporated and the crude
acid chloride, 2.5g, was added dropw1se to a stirred solution of aniline (2.0 g; 0.02
moles) in 30 ml of tetrahydrofuran and 10 ml of triethylamine and the reaction was
then stirred 18 hours. The triethylamine hydrochloride was removed by filtration

" and 50 ml of ethyl acetate was added to the organic phase. The organic phase was

washed with 1 x 100 m! of 1 N hydrochloric acid and the dried over magnesium
sulfate. The solvent evaporafed- to yield a yellow solid. 'il:he solid was dissolved in
100 ml of methanol and 250 mg of 10% palladium on carbon was added, the
reaction was hydrogenated over a 4 hour period. The product was found to be
unreduced, and was then dissolved in 100 ml of mefhanol. 10 ml of a saturated
solution of HCl in isopropanol was added, followed by 250 mg of 10% palladmm

on carbon. The mixture was hydrogenated for 4 hours. The catalyst }vas removed
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by filtration and the solvent evaporated. The residue was dissolved in 100 ml of hot
water with a minimal amount of methanol, and the solution was then made basic
with 50% sodium hydroxide solution. The mix was extracted with 150 mi of ethyl
acetate, the extract was dried with magnesium sulphate and evaporated, giving solid
4-(3-(((phenyl)amino)carbonyl)propyl)aniline, yield 1.0 g, one spot on TLC.

(b) N-(4-(3- . henylamino)carbonyl)propyl)phenyl)-2-
thiophenecarboximidamide

To a stirred suspension of the product of step (a) (1.00 g; 0.0037 moles) in
approximately Sml of isopropanol was added S-methyl-2-thiophenethiocarboximide
hydroiodide (the product of Example 1, step (d)) (1.01g, 0.0035 moles). This
mixture was refluxed for 1 hr and then allowed to cool giving solids. The product
was filtered and allowed to dry under vacuum bvemight giving N-(4-(3-
((phenylamino)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide, 1.76 g yield.
m.p. 229-231 °C.

Example 25

The following compounds was prepared following a process analogous to that of
Example 24:

(a) N-(4-(3-((phenylmethylamino)carbonyl)propyvl)phenyl)-2-
thiophenecarboximidamide, m.p. 169-171 °C.

(b) N-(4-(3-((1-pyrrolidylcarbonyl)propyloxy)phenyl)-2-

thiophenecarboximidamide, m.p. 191-194 °C

(© N-(4-(3-((4-morpholinyl)carbonvl)propvloxy)phenyl)-2-
thiophenecarboximidamide, m.p. 136-138°C

(d) N-(4-(2-((phenvimethylamino)carbonyl)ethvl)phenvi)-2-

thiophenecarboximidamide, m.p. 63-65°C 7
(e) N-(3-(2-((phenylamino)carbonyl)ethyl)phenyl)-2-thiophenecarboximidamide

m.p. 203-205°C. -4

(f) N-(4-(3-((phenyvlamino)carbonyl )p_rogvl)ghenyl]-2-gyrrolecarboxnmldamlde, m.p.
195-196°C s _5‘

(8) N-(4-(3-((phenvlamino)carbonyl)propyl)phenyl)-2- -
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furocarboximidamide, m.p. 197-199°C

(h) N-(4-(3-((phenylamino)carbonyl)propylphenyl)-3-chloro-2-
thiophenecarboximidamide, m.p. 141-144°C

(i) N=((3-((phenylamino)carbonvl)propyl)phenyl)-1-methylpyrrole-2-
cafboximidamide, m.p. 154-155°C

() N-=(4-(3-(1-(4-methylpiperazinyl)carbonyl)propyl)phenyl}-2-
thioghenecarboxifnidamide, m.p. 132-134 °C

(a) 4-(3-((1-pvrrolidinvlicarbonyl)propylaniline

4-(4-nitrophenyl)butyric acid (2.25 g, 0.01076 moles) was dissolved in 40 ml
dichloromethane and cooled to -5 °C on an ice/acetone bath. Triethylamine (1.09 g,
0.01076 moles) and ethyl chloroformate (1.17 g, 0.01076 moles) were added and
the mixture was stirred for 10 minutes before pyrrolidine (0.92 g, 0.01291 moles)

was added dropwise whilst maintaining the temperature below 0 °C. After 10
minutes the cold bath was removed and the reaction stirred for 16 hours at room
temperature. The dichloromethane solution was washed with 2 x 75 ml saturated
sodium bicarbonate and 2 x 75 ml water. The dichloromethane layer was dried over
magnesium sulfate and the solvent evéporated under vacuum to leave 2.19 g of a
clear brown oil. The clear brown oil was reduced under 50 psi hydrogen; ethanol
was the solvent and 10% palladium on carbon was used as a catalyst. After 4 hours
the catalyst was filtered off and the solvent evaporated under vacuum to provide 4-
(3-((1-pyrrolidinyl)carbonyl)propyl)aniline, an oil that solidified on standing (this
was used as is). |

(b) N-(4-(3-((1-pyrrolidyl)carbonvl)propyl)phenyl)-2-thiophenecarboximidamide
hydroiodide

S-methyl-2-thiophenethiocarboximide hydroiodide (-fﬁc; product of Example 1, step
(d)) (1.53 g 0.00538 moles) was added to the product of step (a) (1.50 g 0.00646
moles), in 6 ml of isopropanol and stirred at room temperature for g}nours The

—_—
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resulting suspension of solids was diluted with 50 ml isopropanol and the solids

collected by filtration to give N-(4-(3-((1-pyrrolidyl)carbonyl)propyl)phenyl)-2-

" thiophenecarboximidamide hydroiodide, mp 213-216 °C.

'Exam le 27

The following compounds were prepared following a process analogous to of
Example 26:

(@) - NA4-(3-((4-morpholinvl)carbonylpropyllphenyl)-2-
thiophenecarboximidamide hydroiodide, m.p. 189-192 °C.

(b) N-(4-((phenvlamino)carbonyl)phenyl)-2- thidphenecarboximidamide, m.p.
200-201°C |

(c) N-(4-(2-((4-morpholinyl)carbonyl)ethvl)phenyl)-2-methylthiazole-4-
carboximidamide, m.p. 280-281 °C

Example 28
N-(4-(2-(((4-morpolinyl)carbonyl)amino)ethyl)phenyl )thjoghene-2-carboximidamide
hydroiodide '

(a) 4-(2-(((4-morpolinyl)carbonyl)amino)ethyl)aniline hydrochloride
To a stirred solution of 4-nitrophenethylamine hydrochloride (4.0 g; 0.24 moles) in

50 ml of tetrahydrofuran was added 10 ml of triethylamine. To this was added 4-
morpholinecarbonyl chloride (3.6 g; 0.024 moles) dropwise in 20 ml of
tetrahydrofuran and the reaction stirred for 6 hours. The triethylamine salt was
removed by filtration, and the organic phase was washed with 1 x 100 ml of 1 N

hydrochloric acid. The organic phase was dried over magnesium sulfate;

evaporation of the solvent gave a crude oil. The crude oil was then dissolved in 250

m! of methanol, to this was added 250 mg of 10% palladiym on carbon and the
reaction hydrogenated for 4 hours. The catalyst was removed by filtration, and the
solvent evaporated. To the residue was added 150 ml of ethyl acetate and

hydrochloric acid gas was then added to make the salt Upon cooling 4-(2-(((4-

morpolinyl)carbonyl)amino)ethyl)aniline hydrochloride, a pink solid, crystalhzed and

was col]ected by filtration, 4.4 g. f‘}’?

i
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(b) 4-(2-(((4-morpolinycarbonyl)amino)ethyDaniline

The product of step (a), 4.4 g, was dissolved in 200 ml of water. The mixture was
made basic with 50 % sodium hydroxide solution, and extracted with 2 X 50 m! of
ethyl acetate. The ethyl acetate extracts were combined, dried with magnesium
sulfate, and. evaporated in vacuo, giving a solid. The solid was dissolved in hot ethyl
acetate and hexane, and crystals of 4-(2-(((4-morpolinyl)carbonyl)amino)
ethyl)aniline formed on cooling. Analysis: calculated C 62.63 H 7.68 N 16.85; found
C 62.43 H 7.65 N 16.59. |

(¢) N=(_4-(2-(((4-morpolinyl)carbonyllamino)ethyl)phenyl)-2-
thiophenecarboximidamide hydroiodide

The product of step (b), 1.0 g, and S-methyl-2-thiophenethiocarboximide
hydroiodide (the product of Example 1, step (d)) 1.09 g, were combined in a
minimal amount of isopropanol. The mixture was refluxed for one hour. The
resulting solution was cooled, solids precipitated and were collected by fitration,
giving N-( 4-(2-(((4-morpolinyl)carbonyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide hydroiodide, 0.95 g, m.p. 209-211 °C

Example 29 |
N-(4-(3- henvl)amino)carbonvl)propvlo: henvl)-2-thio henecarboximidafnide
hvdroiodide

(a) 4-(4-nitrophenoxy)butryic acid _
Ethyl 4-bromobutyrate, 9.9 g, 4-nitrophenol, 7.0 g, and sodium carbonate, 6.0 g,

- were combined in 50 ml of DMF, and the mixture was warmed on a 100 C hot

plate for four hours. The solids were removed by filtration, and washed with 20 ml
of acetone. the filtrate was diluted to 400 ml with cold water, and extracted with a
combination of 50 ml ethyl acetate and 50 mi of hexanes? The resulting organic
layer was washed with 3 X 200 ml of 0.2 M potassium carbonate to remove
unreacted nitrophenol. The resulting organic layer ?,515 evaporated in vacuo to give
11 g of yellow oil. The crude yellow oil was diluted with 200 ml of methanol
treated with 25 ml of 2 M sodlum hydroxide, and stirred over night at rgom

temperature. The mixture was evaporated in vacuo, and diluted wntl;éﬁ‘zllter to 250
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ml. The solution was clairified with celite, and then acidified with 20 ml of 4 M
hydrochloric acid. The resulting solids were collected by filtration, washed with
water, and dried in vacuo to give 4-(4-nitrophenoxy)butryic acid, mp 116-118 °C.
(b) 4-(3-(((phenyDamino)carbonyl)propyloxy)aniline
A solution of 4-(4-nitrophenoxy)butryic acid, 4.0 g, in 20 ml of thionyl chloride was
refluxed for four hoﬁrs, and then the excess thionyl chloride was evaporated in
vacuo. The crude acid chloride was the added to a solution of aniline, 1.68 g, and
triethylamine, 10 ml, in 30 ml of THF, and the reaction was stirred for 18 hours.
The solids were removed by filtration, and the filtrate was diluted with 50 mi of
ethyl acetate. The solution was washed with 100 ml of 1 N hydrochloric acid, dried
with magnesium sulfate, and evaporated to give a solid. The solid was disolved in
100 ml of methanol, and hydrogenated with with. 10 % Pd/C for a total of 40 hours,
giving 1.25 g of 4-(3-(((phenyl)amino)carbonyl)propyloxy)aniline, a white solid, M.S.
(M+H)*= 271.
(c¢) N-(4-(3-(((phenyl)amino)carbonyl)propyl henyl)-2-
thiophenecarboximidamide hydroiodide
The product of step (b), 1.0 g, and S-methyl-2-thiophenethiocarboximide
hydroiodide (the product of Example 1, step (d)), 1.01 g, were combined in a
minimal amount of isopropanol and the mixture refluxed for one hour. The
resulting clear solution was cooled, solids precipitated and were collected by
filtration, giving N-(4-(3-(((p__henyl)amino)cérbonyl)pr_opyloxy)phcnyl)-z-
thiophenecarboximidamide hydroiodide, 1.76 g, m.p. 229-231 °C.

Example 30
N-(4-(2-(((trifluoromethyl)carbonyl)amino)ethvl)phenyl)-2-
thiophenecarboximidamide »
(a) 4-(2-(((triflucromethylcarbonyl)amino)ethyl)nitrobenzene

To a stirred solution of 4-nitrophenethylamine hydrochloride (1.84 g, 9.10 mmol)
and triethylamine (3.03 ml, 21.70 mmol) in methanﬁ' 212 ml) was added
trifluoroacetic anhydride (1.51 ml, 10.66 mmol) dropwise. After. stlmng for 1
minute, the solvent was removed at reduced pressure and the remaxggg residue
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was mixed with water and extracted with methylene chloride (3 X 20 ml). The
combined extracts were washed with water, dried over magnesium sulfate, filtered,
and concentrated to yield a solid which was recrystallized from methylene
chloride/hexane to give 4-(2-(((trifluoromethyl)carbonyl)amino)ethyl)nitrobenzene
as a white solid: 1.92 g (80% yield); m.p. 103-104 °C.
(b) 4-(2-{((trifluoromethyl)carbonyl)amino)ethyhaniline
To a stirred solution of the prdduct of step (a) (0.52 g, 1.98 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give 4-
(2-(((trifluoromethyl)carbonyl)amino)-ethyl)aniline which was homogeneous by TLC
and used immediately in the next reaction. _
(c) N-(4-(2-(((trifluoromethyl)carbonyllamino ethyl henyl)-2-
thiophenecarboximidamide |
To a solution of the product of step (b) (0.30 g, 1.29 mmol) in isopropanol (6 ml)
was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of
Example 1, step (d)) (0.37 g, 1.29 mmol). The mixture was stirred for 4 hr, turned
into.a solution of saturated NaCl (50 ml) and 50% NaOH (4 ml), and extracted
with ethyl acetate (3 X 20 ml)..The combined extracts were washed with water,
dried over magnesium sulfate, filtered and concentrated to a solid which was
recrystallized from hexane/ethyl acetate to yield N-(4—(2—(((tﬁﬂuorométhyl)
carbonyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a slightly yellow solid:
0.19 g (43% yield). m.p. 181-182 °C.

Example 31
N-(4-(2-(((methvl)carbonvl)amino)ethvl)phenyl)-2-thiophenecarboximidamide

(a) 4-(2-(((methvl)carbonv)amino)ethyl)nitrobenzene

The above compound was made by the mothod of Example 30 step (a) except that
trifluoroacetic anhydride was replaced by acetic anhgdride. 1.28 g of a pale yellow
solid was obtained that was used immediately in the next reaction.

(b) 4-(2-(({methvlcarbonyDaming)ethyl)aniline }“
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To a stirred solution of the product of step (a) (0.82 g, 3.94 mmol) in THF/MeOH
(100 ml, 1:1) was added 4 ml of 1 N HCI and a catalytic amount of 10% Pd/C. The

- mixture was hydrogenated at 50 psi for 4 hr, filtered through celite, and

concentrated to give a solid. The solid was turned into a solution of saturated NaCl
(50 ml) and 50% NaOH (4 ml), and extracted with ethyl acetate (3 X 20 ml). The
combined extracts were washed with water, dried over magnesium sulfate, filtered
and concentrated to a solid which was used immediately in the next reaction.

(c) N-(4-(2-(((methvl)carbonvlamino)ethyl)phenyl)-2-thiophenecarboximidamide
The above compound was prepared following the procedure of Example 30, step
(c). After recrystallization from ethyl acetate/niethanol, 0.56 g of a tan solid was
obtained. mp. 186-187 °C.

Example 32
N-(4-(2-(((phenylmethvl)carbonyDamino)ethvl}phenvl)-2-thiophenecarboximidamide

(a) 4-(2-(((phenylmethvl)carbonyl)amino)ethyvl)nitrobenzene

The above compound was prepared following the procedure of Example 30, step
(a) except that trifluoroacetic anhydride was replaced by phenylacetyl chloride. 1.42
g of a pale yellow solid was obtained that was used immediately in the next
reaction.

(b) 4-(2-(((phenylmethyl)carbonyl }afnino Jethylaniline

The above compound was prepared by an analogous process to that described in
Example 8, step (b). The oil obtained was used immediately in the next reaction.

(c¢) N-(4-(2-(((phenylmethyl)carbonyl)amino)ethyl)phenvl})-2-

thiophenecarboximidamide
The above compound was prepared following the procedure of Example 30, step

(). After recrystallization from ethyl acetate/methanol, 0.45 g of a tan solid was
obtained. mp. 210-211 °C.

Example 33 -_g*y
N-(4-(2-(({ phenvl)carbonyllamino ethvl henv!)-2-thiophenecarboximidamide
(a) 4-(2-(((phenyl)carbonyl)amino)ethyDnitrobenzene ﬁ:j
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The above compound was prepared following the procedure of Example 30, step
(a) except that trifluoroacetic anhydride was replaced by benzoyl chloride. 1.77 g of
a pale yellow solid was obtained that was used immediately in the next reaction.
(b) 4-(2-(((phenyl)carbonylamino)ethyl)aniline
The above compound was prepared by an analogous process to that described in
Example 8, step (b). The oil obtained was used immediately in the next reaction.
(c) N-(4-(2-(((phenyl)carbonyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
The above compound was prepared following the procedure of Example 30, step

(c). After recrystallization from ethyl acetate/methanol, 1.10 g of a tan solid was
obtained. m.p. 196-197 °C. |

Example 34
N-(4-(((phenvl)iminocarbonvl)amino)phenyl)-2-thiophenecarboximidamide

(a)_N-(4-nitrophenyl)benzenecarboximidamide

To a stirred solution of benzonitrile (25 ml) was added a catalytic amount of 4-
dimethylaminopyridine. To this was added 4-nitroaniline hydrobromide (10.0 g,
-0.57 moles) and the reaction then heated to 1'90 °C for six hours. The reaction
mixture was allowed to cool and 25 ml isopropanol was added. A solid was
collected by filtration to yield 8.6 g of N-(4-nitrophenyl)benzenecarboximidamide,
m.p.. 240-241 °C

(b) _N-(4-aminophenyl)benzenecarboximidamide

To a pressure bottle charged with the product of step (a) (8.6 g, 0.024 moles) in
200 ml of methanol was added 20 ml of isopropanol/HCI and 0.5 g of 10%
palladium on carbon. The reaction was hydrogenated for six hours; the catalyst was
removed by filtration and the solvent evaporated. To the residue was added 50 ml
of isopropanol and 100 ml of ethyl acetate, the solid was is'lurried and then collected
by filtration to yield 10.6 g of N-(4-aminophenyl)benzenecarboximidamide
hydrochloride. The N-(4-aminophenyl)benzenecarbeximidamide hydrochloride was
dissolved.in 100 ml of water and 20 ml of 50% sodium hydroxide. The aqueous

phase was extracted (3x100 ml) of ethyl acetate, and dried over magn%gjam sulfate.
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Evaporation of the solvent gave solid product N-(4-aminophenyl)benzene
carboximidamide, yield 7.6 g.

(¢) N-(4-(((phenyDiminocarbonyl)amino)phenyl}-2-thio henecarboximidamide

To a stirred suspension of the product of step (b) (1.1g, 0.0052 moles) in 5 ml of
isopropanol was added S-methyl-2-thiophenecarboxthioimide hydroiodide (the
product of Example 1, step (d)) (1.5 g, 0.0054 moles) and the reaction was stirred
for 48 hours. The solid was collected by filtration, this was dissolved in a solution
containing 100 ml of water and 10 ml of 50% sodium hydroxide and the aqueous
phase was extracted three times with ethyl acetate (100ml). The organic phase was
dried over magnesium sulfate and subsequent evaporation of the solvent gave a
crude oil. The crude oil was dissolved in 20 ml of methanol and HCI gas was
added; upon standing a solid crystallized and was collected by filtration. The
product, N-(4-(((phenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide,
was dried at 80 °C for 24hrs. m.p. 317-318 °C

Example 35
The following compounds were prepared following a method analogous to that of

Example 34:
(a) N-N"-(1.4-phenylene)bis-2-thiophenecarboximidamide hvdroiodide, m.p.
278-279 °C

(b) N-N"-(1,3-phenylene)bis-2-thiophenecarboximidamide, m.p. 219-220 °C
(c) N.N’-(1.3-phenviene)bis-2-chlorophenylcarboximidamide dimaleate, m.p.
200-201 °C

(d.). N.N’-(1,4-phenvlene)bis-3-chlorothiophene-2-carboximidamide free base,
m.p. 247-248 °C

carboximidamide free base, m. p. 187-188 °C

(f) N-(4-(((Phenyhiminocarbonyl)amino)phenvl)-3-chlorothiophene

-2-carboximidamide free base, m.p. 213-214°C ~ #

(g) N-(4-(((Phenyliminocarbonyl)amino)phenyl)-3-thiophene

carboximidamide dihydrochloride, m.p. 323-324 °C ﬁ:j
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m.p. 295-296 °C

(i) N-(4-(((4-chlorophenyliminocarbonyl)amino)phenyl)-2-
thiophenecarboximidamine dihvdrochloride, m.p. 296-297 °C

()] N-(4-(((2-chlorophenvhiminocarbonvl)amino)phenyl)-2-

thiophenecarboximidamide dioxalate, m.p. 166-167 °C
(k) N-(4-(((4-bromophenyl)iminocarbonyl)amino)phenyl)-2-

thiophenecarboximidamide dioxalate, m.p. 236-237 °C
(1) N-(4-(((3-chloro-4-methyvlphenvl)iminocarbonyl)amino)phenyl)-2-

thiophenecarboximidamide dihydrochloride, m.p. 294-294 °C

(m)  N-(4-({(3.5-dimethoxyphenyl)iminocarbonyl)amino)phenyl)-2-

thiophenecarboximidamide dioxalate, m.p. 226-227 °C
() N-(4-(((3.5-dichlorophenvl)iminocarbonyl)amino)phenyl)-2-

th:ophenecarboxlmldamlde dioxalate, m.p. 237-238 °C

m.p. 210-211°C

(p) N-(4-(((3-methviphenyl)iminocarbonyl)amino)phenyl)-2-
thiophenecarboximidamide free base m.p. 205-206 °C

(q) N-(4-(((3-Methoxyphenyl)iminocarbonyvl)amino)phenvl)-2-
thiophenecarboximidamide _free base m.p. 194-195 °C

(r) N-(4-(((3-Bromophenyl)iminocarbonyl)amino)phenyl)-2-
thiophenecarboximidamide dihydrobromide m.p. 293-294 °C
(s) N 4—( ((3-chlorophenyliminocarbonvl)amino)pheny!)-2-
thiophenecarboximidamide dihvdrochloride m.p. 310-311 °C

() N-4-(((3-methylphenvl)iminocarbonyl)amino)phenyl)-2-pvrrolecarboximidamide
dihydrobromide m.p. 210-211 °C 2

(u) N-(4-(((4-chlorophenyl iminocarbonvl)amino)phenyl)-2-pvrrolecarboximidamide

difumarate m.p. 228-229°C o
£

Example 36 | SR
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hydroiodide

(a) N-(2-(4-Nitrophenyl)ethyl)N’phenyl urea _

Prior to running the reaction, a 3.09g sample of 4-nitrophenylamine hydrochloride
was dissolved in 20 mis watef and treated with 30 mis 2N NaOH. The freebase was
extracted with 2x75 mis diethyl ether. The ether layer was dried over magnesium
sulfate, and the volume of the ether was reduced under vacuum to ~60 mis. To
this solution was added 1.81g of phenyl isocyanate dropwise. The white solids that
precipitated upon addition were stirred for three hours, then were collected by
filtration and washed with ether. Air drying left 3.67g N-(2-(4-
Nitrophenyl)ethyl)N’phenyl urea, m.p. 170-172 °C.

(b) N-(2- 4-aminophenyl)ethyhN'phenyl urea _
To a pressure bottle charged with 3.67g N-(2-(4-Nitrophenyl)ethy])N’phenyl urea in
100 mis of a 50/50 volume mix of methanol/THF was added a catalytic amount of
5% Pd/C. The mix was hydrogenated under 50 psi hydrogen gas for 24 hours, the
catalyst was filtered and TLC showed starting material and two lower Rf spots.
The solvents were removed by evaporation in a vacuum and the resultant solid was
taken up in methanol, and an excess of oxalic acid was added. The solution was
quenched with ether and the precipitated white solids were collected by filtration.
The solids were treated with 100 mis 2N NaOH, and the freebase was extracted
with ethyl acetate; the organic layer was dried with magnesium sulfate and
evaporated to leave a yellow solid; N-(2-(4-aminophenyl)ethyl)

N’phenyl urea (430 mg). |

- (€) N-(4-(2-(((Phenvlamino)carbonyl)amino)ethyl)phenyl)-2-

thiophenecarboxamidine hydroiodide.
To a solution. of 430mg N-(2-(4-Nitrophenyl)ethyl)N’pheny! urea slurried in 3 mls of

isopropyl alcohol was added 435 mg of S-methyl-2-thiophenecarboxamide

- dihydroiodide (the product of Example 1, step (d)). The mix was stirred for 16 hrs

at room temperature. The suspension was diluted ;ﬁfﬁs mis isopropyl alcohol and
the solids were collected by filtration to leave a yellow/tan solid. . The solids were

recrystallized from methanol/ether. Two batches were collected and gg&nbmed to
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give 470 mg of N-(4-(2-(((Phetjlatiiific)éarbonyl)amino)ethyl)phériyl)-2-

thiophenecarboxamidine hydroiodide, m.p. 216-219°C.

Example 37
The following compound was made by a process analogous to that of Example 37:

N-(4-(2-(((phenylamino)carbonyl)oxy)ethyl)phenyl)-2-thiophenecarboximidamide,
m.p. 222-224°C '

Example 38

N-(4-((bis(phenylmethyl)amino)methvi )phenyl)-2-thiophenecarboximidamide
(a) 4-((bis(phenvimethylamino)methvl)nitrobenzene

To 4-nitrobenylamine (1.61 g, 10.60 mmol) in DMF (25 ml) was added potassium

- carbonate (3.22 g, 23.30 mmol) followed by benzyl bromide (2.64 ml, 22.30 mmol).

The mixture was allowed to stir for 2 days, dumped into water and extracted with
ethyl acetate (3 X 50 ml). The combined extracts were washed with water, dried
over magnesium sulfate, filtered, concentrated and chromatographed over silica gel
(20% ethyl acetate/hexane) to yield 4-((bis(phenylmethyl)amino)methyl)
nitrobenzene: (1.64 g, 47%); M.S. (M+H)*= 333,

(b)_4-((bis(phenylmethyl)amino ]methyl )aniline

To the product of step (a) (0.56 g, 1.69 mmol) in AcOH (15 ml) was added Tin(II)
chloride dihydrate (2.00 g, 19.03 mmol) followed by concentrated HC! (5 ml). The
mixture was stirred for 20 hr, cooled to 0 °C, quenched with 50% NaOH, and
extracted with ethyl acetate (3 X 50 ml). The combined extracts were washed with
water, dried over magnesium sulfate, filtered, concentrated and chromatographed
over silica gel (30% ethyl acetate/hexane) to yield 4-((bis(phenylmethyl)
amino)methyl)aniline: (0.29 g, 57%); M.S. (M+H)*= 303.

(c) N-(4-((bis(phenylmethv)amino)methvl)phenyl)-2-thiophenecarboximidamide
To a solution of the product of step (b) (0.28 g, 0.93 mmol) in isopropanol (6 ml)
was added S-methyl-2-thiophenethiocarboximide hyﬁ;)iodide (the product of
Example 1, step (d)) (0.26 g, 0.93 mmol). The mixture was stirred. for lf} hr,
quenched with 2 N NaOH (2 ml) and extracted with ethyl acetate (gj 30 mil).
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The combined extracts were washed with water, dried over tﬁagnesium sulfate,
filtered, and concentrated to a solid which was recrystallized from ethyl
acetate/hexane to yield N-(4-((bis(phenylmethy])aniino)methyl)phenyl)

Example 39 _
The following compound was prepared following a process analogous to that of

Example 8:

N-(4-(2-aminomethyl)phenyl)-2-thiophenecarboximidamide hydrobromide, m.p.188-
189 °C.

dihvdrobromide
(a) 3-(1.2.3.4-tetrahydroisoquinolin-2-yimethyl)nitrobenzene

To 3-nitrobenzyl chloride (2.00 g, 11.66 mmol) in DMF (25 ml) was added
potassium carbonate (1.93 g,13.96 mmol) followed by tetrahydroisoquinoline (1.55 g,

11.66 mmol). The mixture was allowed to stir for 4 hr, dumped into water and
extracted with ethyl acetate (3 X 50 ml). The combined extracts were washed with
water, dried over magnesium sulfate, filtered, and concentrated to an oil. The oil
was dissolved in ether and treated with [PA/HCI to afford
3-(1,2,3,4-tetrahydroisoquinolin-2-ylmethyl)nitrobenzene hydrochloride: (1.96 g,
55%); m.p. 196-197 °C.

(b) 3-(1,2.3.4-tetrahydroisoquinolin-2-yimethyl)aniline hvdrochloride

To a stirred solution of the product of step (a) (1.00g, 3.29 mmol) in THF/MeOH
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C.sThe mixture was
hydrogenated at 50 psi for 0.5 hr, filtered through celite, and concentrated to give
3-(1,2,3,4-tetrahydroisoquinolin-2-ylmethyl)aniline hydrochlonde which was
homogeneous by TLC and used immediately in the next reaction.

thiophenecarboximidamide N | ;g}}
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To a solution of the product of step (b) (0.90 g, 3.29 mmd]) in isopropanol (3
ml)/DMF (1 ml) was added S-methyl-2-thiophenethiocarboximide hydroiodide (the
product of Example 1, step (d)) (0.94 g, 3.29 mmol). The mixture was stirred for
14 hr, quenched with 2 N NaOH (2 ml) and extracted with ethyl acetate ( 3 X 30
ml). The combined extracts were washed with water, dried over magnesium sulfate,
filtered, and chromatographed over silica gel (8% methanol/methylene chioride) to
yield the title compound as the free base. Treatment with IPA/HBr yielded
N-(3-(1,2,3,4-tetrahydroisoquinolin-2-ylmethyl)phenyl)-2-thiophenecarboximidamide
as a white solid: (0.26 g, 16%); m.p. dec >179 °C.

Example 41 _
N-(4-(4-((phenvimethvl)amino)butyl )phenyl )-2-th_iophenecarboximidamide' dimaleate

(a) 4-(4-nitrophenyl)-N-(phenyvimethyl)butylamide

A sample of 4-(4-nitrophenyl)butyric acid, 2.09 g, dissolved in 20 ml of
dichloromethane was treated with benzylamine, 1.07 g, giving suspended solids.
The mix was treated with diphenylphosphorylazide, 2.75 g, and 20 ml of dioxane
and on stirring for 4 hours it became clear. The mix was diluted with 100 ml of
ethyl acetate and washed twice with 100 mi of 2 M potassium barbonate, then 100

ml of 1 M hydrochloric acid. The organic layer was dried with magnesium sulfate

~ and evaporated to give solids. The solids were dissolved in 150 ml of cyclohexane

and 50 ml of ethyl acetate, and cooled to give white solids; these solids were
collected by filtration and air dried to give 4-(4-nitrophenyl)-N-
(phenylmethyl)butylamide mp 133-135 °C

(b) 4-(4-aminophenyl)-N-(phenyimethyl)butylamide hydrochloride

A sample of the product of step (a), 0.80 g in 20 ml of ethanol and 20 m! of ethyl
acetate was treated with 0.4 g of 5 % paladium on carbon and placed under 50 psi
of hydrogen. TLC after one hour showed a new spot, Rf 3.2 with 15% acetone in
methylenechloride. The mix was evapdrated to dryness, and then treated with 30
ml of toluene. The residue was dissolved in 10 ml #&'THF and treated with 5 ml of

1 M lithium aluminium hydride in THF (Aldrich) giving a clear solution. After one

‘hour at room temperature, 1 ml of 2M sodium hydroxide was added gg}gpwise,
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followed by 10 g of anhydrous sodium sulfate. After stirring for 30 minutes, the mix
was filtered and treated with hydrogen chloride gas and an oil formed. The mix
was treated with 3 ml of isopropanol, and further hydrogen chloride gas, giving .
solids. The mix was cooled to -20 °C for 2 hours, then filtered and air dried to give
4-(4-aminophenyl)-N-(phenylmethyl)butylamide hydrochloride;
Chloride analysis: calc 20.78 found 20.64
(¢) 4(4-((phenylmethyl)amino)butylaniline dihvdrochloride
A sample of the product of step (b) was suspended in 5 ml of THF and treated
with 5 ml of 1 M lithium aluminium hydride in THF (Aldrich) giving a clear
solution. The mixture was warmed to reflux for 5 hours, then cooled. The semisolid
mass was diluted with diethyl ether to 20 ml, and then 1 ml of 2M sodium
hydroxide was added dropwise, followed by 4 cm_3 of anhydrous sodium sulfate.
After stirring for 15 minutes, the mix was filtered and the solids were washed with
20 ml of diethyl éther. The combined filtrates were treated with hydrogen chloride
gas and allowed to stand at room temperature. The solids that formed were
collected by filtration and dried in vacuo to give 4-(4-
(phenylmethyl)amino)butyl)aniline dihydrochloride; Chloride analysis: calc 21.66
found 21.63 '
(d) N-(4-(4-((phenvimethyl)amino)butyl)phenyl)-2-thiophenecarboximidamide
dimaleate
A sample of the product of step (c), 0.50 g, and S-methyl-2-
thiophenethiocarboximide hydroiodide (the product of Example 1, step (d)), 0.44g
were combined in 4 ml of isopropanol and warmed to 60 °C. After 2 hours, TLC
with 15 % methanol in chloroform on silica showed that the starting aniline was
mostly consumed, and that there had developed a new spot of lower Rf. The mix
was diluted with 20 ml of 1M potassium carbonate, and extracted with ethyl acetate.
The ethyl acetate extract was dried with 10 g of potassiun’? carbonate and treated
with 0.150 g of maleic acid, giving a gummy precipitate. TLC of the precipitate
versus the supernatant showet_l the precipitate to besr mix of the starting amine and
product, and that the superhatant contained mostly product. The supernatant was
then treated again with 0.150 g of maleic acid, giving a gammy prem;g?{e, and the
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remaining supernatant was decanted. The solids were dissolved in 5 ml of
methanol and precipitated with 100 ml of diethylether. The resulting gummy
precipitéte was reacted with 1 ml of water, diluted with acetone to 200 ml giving a
clear solution, diluted with diethyl ether to 275 ml and cooled to -20 °C. The solids
were collected by filtration, washed with 20 ml of diethyl ether, and dried in vacuo
to provide N-(4-(4-((phenylmethyl)amino)butyl)phenyl)-2-
thiophenecarboximidamide dimaleate, m.p. 104-106 °C

Example 42
N-(4-((((2-thiophenvl)iminomethvl)amino)methvl)phenvl)-2-
thiophenecarboximidamide difumarate

(a) 4-aminomethylaniline
To a solution of 4-nitrobenzylamine hydrochloride (9.0g, 0. 0477) in methanol

(200mi) was added 20ml of IPA/HCI and a catalytic amount of 10% palladium on
carbon. The mixture was hydrogenated at 50 psi for 4hrs, filtered through celite,
concentrated to a solid. The above solid was then dissolved in 300m! of water and
20ml of 2N sodium hydroxide and extracted into methylene chloﬁde (3x100ml).
The combined extracts were dried over magnesium sulfate, filtered and
concentrated to give 4-aminomethylaniline as an oil (6.1g).

(b) N-(4-({((2-thiophenyl iminorﬁeth Namino)methyl)phenvl)-2-
thiophenecarboximidamide difumarate

To a stirred solution of Lamindmethylaniline (1.6g, 0.0013mmol) in (10ml)
dimethylformamide and (10ml) of isopropanol was added S-methyl-2-
thiophenethiocarboximide hydroiodide (the product of Example 1, step (d)) (4.4g,
0.015mmol). The mixture the heated to 40 °C for 72 hrs. The reaction was diluted
with 20% aqueous sodium hydroxide, and the solids collected by filtration to yield
(2.5g). The fumaric acid salt was made from isopropanol and methanol, to yield
(2.0g) of N-(4—(((2-thiophenyl)iminomethyl)amino)mghyl)phenyl)-z-

thiophenecarboximidamide difumarate, m.p. 200-201 °C

Example 43 ﬁ}.éé
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The following compounds were pfepared by a process analogous to that of Example
17: '

138-139 °C
(b) N-(4-(2-((4-methoxyphenvimethyl)amino)ethyl)phenyl

-2-thiophenecarboximidamide free base, m.p. 144-145 °C
(c) N-(4-(2-((4-methyiphenylmethyl)amino)ethyl)phenyl)-2-

thiophenecarboximidamide _monohydrochloride, m.p. 225-226 °C

(d) N-(3-(2-((3-phenylpropyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide

dihydrobromide m.p. 183-186 °C
(e) N-(3-(2-((2-methylphenvimethyl)amino)ethyDpheny])-2-

thloghenecarboxxmdamxde free base m.p. 114-116 °C

m.p. 95 °C (dec)
() N-(4-(2-(((4-pvridvl)methvl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
trihydrochloride m.p. >250°C

(h) N-(4-(2-(((2-thienyl)methvl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
dioxalate m.p. 226-227°C | |

dihydrobromide
(a) N=(2-phenylethyl)-3-nitrophenylacetamide

2.50g (0.0138 moles) of 3-nitrophenylacetic acid were refluxed in 25mils of thionyl
chloride. The solvents were evaporated and the residue taken up in 50mis of THF
before 3.51 g (0.290 moles) of phenethylamine were added dropwise at 0 °C. The
mix was stirred for 48 hours and the hydrochloride salt of the amine was filtered off
as a white solid. The wash was evaporated to leave N-(2-phenylethyl)-3-

nitrophenylacetamide, a dull orange oil, 4.48 g. Thée product was analyzed by MS
and NMR.

(b) N-(2-phenylethvl)-2-(3-nitrophenyl)ethylamine 5‘!
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To a stirred solution of the pi‘oduct of step (a), 4.48g, (0.0158moles) in 80ml dry
THF was added 47.4 ml of 1M Borane/THF. The mix was heated to reflux for 3
hours and cooled before 10 ml of methanol was added carefully followed by 20 ml
of 4N HCl. The solution was concentrated by evaporation under vacuum to leave a
reddish liquid. The oil was basified with 2M NaOH and the product extracted with
3x50ml of EtOAc. The organic layers were combined, dried over magnesium
sulfate and evaporated to leave an oil. The oil was dissolved in HCV/ isopropanol
solution. White solids formed and were collected by filtration to give N-(2-
phenylethyl)-2-(3-nitrophenyl)ethylamine, 2.63g, m.p. 196-200 °C.
(¢) N-(2-phenylethyl)-N-(2-(3-nitrophenvl)ethvltrifluoroacetamide
To a slurry of the product of step (b), 2.63g, (0.00857moles) in 40ml
dichloromethane was added 1.99g (0.0197 moles) of triethylamine and the mix was
cooled to 0 °C before 2.34g (0.111 moles) of trifluoroacetic anhydride was added
dropwise. After 45 minutes, the mixture was quenched with 50ml water and the
product extracted with 3x50ml dichloromethane. The organic layers were
combined, dried over magnesium sulfate and evaporated to leave N-(2-phenylethyl)-
N-(2-(3-nitrophenyl)ethyl)triflucroacetamide, 3.3g, as an oil.
(d) N-(2-phenylethyl)-N-(2-(3-aminophenyl)ethyl)trifluoroacetamide
To a solution of the product of step (c), 3.3g, in 75ml each of THF and methanol
was added a catalytic amount of 10% Pd on carbon. After 1 hour under 50 psi
hydrogen, the reaction was complete. The catalyst was filtered off and the solvents
evaporated to leave N-(2-phenylethyl)-N-(Z-(3-aminophenyl)éthyl)

trifluoroacetamide, 2.88g, as an oil.

dihydrobromide
. To a solution of the product of step (d), 2.88g (0.00857 mples) in 15 ml

isopropanol was added 2.94g of S-methyl-2-thiophenethiocarboximide hydroiodide
(the product of Example 1, step (d)). The mixture was stirred at room temperature
for 16 hours then a solid yellow residue was fl]tered “off and discarded. The wash
was evaporated and the residue dissolved in minimal methanol; the solytion was
basified with 2M NaOH and heated to 50 °C for 30 minutes.. The qg:fétected
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product was extracted with 3x50ml ethyl acetate, the organic layers were combined,

washed with 2x50ml water, dried over magnesium sulfate and evaporated to leave
an oil. The free base was dissolved in an isopropanol solution of HBr. Solids
formed with the addition of ethyl acetate and cooling were collected by filtration to
give 102 mg of N-(3-(2-((2-phenylethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide dihydrobromide salt. m.p. 137-139 °C.

Example 45 _
The following compounds were prepared by following a method analogous to that

of Example 44: |

(a) N-(4-(2-aminoethyl)phenyl)-2- lecarboximidamide dioxalate m.p. 145 °C

(dec) ) _ _
S)-N-(4-(2-((1-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide

dihydrochloride m.p. 197 °C dec

(©) (R)-N-(4-(2-((1-phenylethvl)amino)ethyl)phenyl)-2-thiophenecarboximidamide

free base, m.p. 92-94 °C

(d) N-(3-(2-((4-phenylbutyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide

dihydrobromide, m.p. 136-139 °C

Example 46
N-(4-(((phenylmethoxy)carbonyl)aminomethyl)phenyl)-2-thiophenecarboximidamide
oxalate '

(a) 4-(((phenylmethoxy)carbonyl)aminomethyl)nitrobenzene
A sample of 4-nitrobenzylamine hydrochloride, 5 g, and 200 ml of water was treated

with sodium bicarbonate, 10 g. The mixture was treated with 50 ml of ethyl
acetate, and then benzyl chloroformate, 4 ml. After 4 hou;s, the mix was treated
with 200 mi of hexanes, and the precipitated solids were collected by filtration. The
crude product was dissolved in 150 ml of hot methanol, filtered, diluted with 250 ml
of water, and cooled. The resulting solids were collétted to give
4-(((phenylmethoxy)carbonyl)aminomethyl)nitrobexizene, m.p. 92-93 °C. -

(b) 4-(((phenylmethoxy)carbonyl)aminomethyl)aniline 5}""
. This Sheet Has Been Replaced




10

15

20

30

r.—;-HS SHEET HAS BEEN |
\ REPLACED

L

-65-
The product of step (a), 6.0 g was treated with 10 ml of acetic acid and 100 ml of
methanol. The mixture was treated with platinum sulfide on carbon, 0.97 g, and
treated with 50 psi of hydrogen gas; after 20 hours, the mixture was filtered and
evaporated in vacuo. The residue was dissolved in 50 ml of ether, and diluted with
hexanes to 200 ml. The mixture was then stirred for five days and filtered to give
4-(((phenylmethoxy)carbonyl)aminomethyl)aniline, m.p. 60-64 °C
(¢) N=(4-(((phenylmethoxy)carbonyl)aminomethyl)phenyl)-2-
thiophenecarboximidamide oxalate
The product of step (b), 0.89 g, and S-methyl-2-thiophenethiocarboximide
hydroiodide (the prodﬁct of Example 1, step (d)), 1.0 g, were combined in 6 ml of
isopropanol, and stirred at 30 °C. After 4 hours, the mixture was precipitated with
ether, giving gummy solids which were taken up in 100 ml of hot water, treated with
cellite and filtered. The mix was cooled, giving gummy white solids which were
treated with 50 ml of ethyl acetate and 5 g sodium bicarbonate. The ethyl acetate
layer was dried with magnesium sulfate, and cooled to -20 °C. The mix was then
treated with hexanes, and failed to give crystals. The mix was evaporated in vacuo,
and the crude. free base, 0.7 g, was dissolved in 40 ml of warm isopropanol and
treated with oxalic acid dihydrate, 0.26 g. On cobling and treatment with 150 ml of
ether a tacky precipitate resulted. After stirring overnight at room temperature, the
resulting solids were collected by filtration to yield
N-(4-(((phenylmethoxy)carbonyl)aminomethyl)phenyl)-2-thiophene carboximidamide
oxalate, m.p. 150-160 °C |

Example 47
N-(4-(2-((phenylmethyl)amino)etho: henvl -2-thio enecarboximidamide
hydroiodide 7

(a) 4-nitrophenoxy-N-(phenylmethyl)acetamide
A sample of 4-nitrophenoxy-N-(phenylmethyl)acetic acid hydrazide (Lancaster), 4.22

g, was treated with 20 ml of 1 M aqueous HCl and?'ef(‘lo ml of ethyl acetate. The mix

was cooled to 10 °C, and then 1.38 g of sodium nitrite in 20 ml of water, was added

over 2 minutes. The mix was stirred for 5 minutes, the layers were s?rated and
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the ethyl acetate layer was dried with sodium sulfate. The ethyl acetate solution was
treated with 5 ml of benzylamine, giving a prompt precipitate formation. After 20
minutes the mix was washed with 100 ml of saturated sodium carbonate, then 100
ml of 1 M HCl (aqueous). The ethyl acetate layer was then evaporated. The solids
were dissolved in 50 ml of acetone, and precipitated with water. The solids were |
collected by filtration to provide 4-nitrophenoxy-N-(phenylmethyl)acetamide, m.p.
125-126°C, 3.76 g. . |

(b) 4-aminophenoxy-N-{phenylmethyl)acetamide

A sample of the product of step (a), 3.74 g, was taken up in 100 ml of methanol
and 100 ml of ethyl acetate. The mix was treated with 0.4 g of 10 % palladium on
carbon and placed under 50 psi hydrogen. After one hour the mix was filtered, and
concentrated in vacuo to provide crude 4-aminophenoxy-N-(phenylmethyl)
acetamide; CHN calculated: C 70.29, H 6.29, N 10.93, found C 69.97, H 6.3, N
10.90

(¢) 4-(2-((phenylmethyl)amino)ethoxy)aniline

‘A solution of 3.2 g of the product of step (b) in 40 ml of dry THF under N, was

treated with 40 ml of 1 M diborane in THF. The mix was warmed to reflux for
three hours, treated with 40 ml of 6M aqueous HCI, and refluxed for 2 hours. The
filtrate was concentrated under vacuo to 150 ml. The cloudy mix was treated with
100m! of crushed ice and neutralised with 50 % NaOH, and the resulting fine solids
were collected, washed with water, and dried by infrared to give 4-(2-
((phenylmethyl)amino)ethoxy)aniline, MS = 243, 98 % by capillary electrophoresis
(d) N-(4-(2-((phenylmethvl)amino)ethoxy)phenvl)-2-thiophenecarboximidamide
hydroiodide

A sample of 4-(2-((phenylmethyl)amino)ethoxy)aniline, 0.81 g and S-methyl-2-
thiophénet_hiocarboximide hydroiodide (the product of Exdmple 1, step (d)), 1.42 g
were combined in 10 ml of isopropanol and stirred for 7 hours at room
temperature. The resulting white solids were collectg by filtration, washed with 10

ml of isopropanol, and dried in vacuo to provide white solids, N-(4-(2-

- ((phenylmethyl)amino)ethoxy)phenyl)-2-thiophenecarboximidamide hydrgiodide,

‘;}E

m.p. 193-195 °C. | ¥
—
This Sheet Has Been Rep )

W



10

15

20

30

THIS SHEET HAS BEEN
REPLACED

-67-

Example 48
N-[4-{((Diphenylamino)carbonyl)amino)phenyl]-2-thiophenecarboxamidine
hydrochloride '

(a) 4-[Diphenyvlamino(carbonyllaminolaniline

To a stirred solution of 1,4-phenylenédiamine (1.00 g, 9.25 mmol) and
triethylamine (1.29 ml, 9.25 mmol) in methylene chloride (50 ml) was added
diphenylcarbamyl chloride (2.14 g, 9.25 mmol). After stirring for 14 hr, the mixture
was dumped into water and extracted with methylene chloride (3 X 20 ml). The
combined extracts were washed with water, dried over magnesium sulfate, filtered,
concentrated and chromatographed over silica gel (80% ethyl acetate/hexane) to
yield 4-[diphenylamino(carbonyl)amino]aniline: (0.49 g, 17%); M.S. (M+H)*=
304, ' | |

(b) N-[4-(((Diphenylamino)carbonyl)amino)phenyl]-2-thiophenecarboxamidine
hydrochloride |

To a solution of the product of sfep (a) (0.49 g, 1.62 mmol) in isopropanol (10 ml)
was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of
Example 1, step (d)) (0.46 g, 1.62 mmol). The mixture was stirred for 48 hr,
dumped into basic water and extracted with ethyl acetate ( 3 X 30 ml). The
combined extracts were washed with water, dried over magnesium sulfate, filtered,
and concentrated to an oil. Treatment with IPA/HCI yielded N-[4-
(diphenylamino(carbonyl)amino]phenyl-2-thiophenecarboxamidine hydrochloride as
a white solid: (24 m g, 3.3%); m.p. 210-211 °C.

Example 49

N-(3-((benzovDamino)phenyl)-2-thiophenecarboximidamide oxalate
(a) N-(3-nitrophenyl)benzamide 7

To a solution of 7.5 g (54 mmol) of 3-nitroaniline in a biphasic solution consisting
of 100 ml of methylene chloride and 100 ml of 20%potassium carbonate was added
dropwise 6.0 ml (52 mmol) of benzoyl chloride in 25 mi of methylene chloride. The

reaction mixture was allowed to stir overnight and the organic phase \y}afseparated'
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and washed with dilute hydrochloric acid. The solvent Was concentrated to give
3.83 g (32%) of the title compound, MS 243 (M+H).

(b) N-(3-aminophenyl)benzamide

This compound was prepared follovﬁng a process analogous to that of Example 30
step (b). MS 213 (M+H). '

(¢) N-(3-({benzoyhamino)phenyl)-2-thiophenecarboximidamide oxalate

This compound was prepared following the procedure of Example 30, step (b).
The free base was converted to the oxalate salt in isopropanol. MS 323 (M+H).

Example 50

N-(4-((benzovl)amino)phenyl ]-2-thioghenecarbo:gimidamide hydroiodide
(a) N-(3-nitrophenyl)benzamide

This compound was prepared following a process analogous to that of Example 49,
step (a). MS 243 (M+H). '

(b) N-(4-aminophenyl)benzamide

This compound was prepared following a process analogous to that of Exampie 30,
step (b). MS 213 (M+H).

(¢) N-(4-((benzovl)amino)phenyl)-2-thio henecarboxlmldamlde hydroiodide

This compound was prepared following the procedure of Example 26, step (b) and
wés récrystallized from water, m.p. 234-5 °C.

Example 51

N-(3-(((phenylamino)carbonyl)amino)phenyl)-2-thiophenecarboximidamide oxalate
(a) N-phenyl-N’-(3-nitrophenyl) urea

To a solution of 5.0 g (36 mmol) of m-nitroaniline in 40 n;l of ether was added 5.0
ml (47 mmol) of phenylisocyanate. The solution was stirred.for 6 hours. The
product was filtered to afford 9.2 g (99%) of the title compound, MS 258 (M+H).
(b) N-phenyl-N'-(3-aminop heﬁvl) urea =

This compound was prepared by a process analogous to that of Examp_lt_t_ 30, step
(b). Slurring the isolated product in ether afforded a solid product, ﬁmj 199-202

°C.
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oxalate
This compound was prepared following the procedure of Example 30, step (c). The

free base was converted to the oxalate salt in isopropanol, 208-210 °C.

Example 52
N-(3-(((4-phenoxylbutyl)amino)carbonyl)phenyl)-2-thiophenecarboximidamide
oxalate

(a) 3-nitro-N-(4-phenoxybutyl)benzamide

This compound was prepared following a process analogous to that of Example 49,
step (a). MS 315 (M+H).

(b) N-((3-(4-phenoxylbutyl)amino)carbonyl )ani]iﬁe hydrochloride

A solution of 7.8 g (25 mmol) N-4-phenoxybutyl-3-nitrobenzamide and 1 g of 5%
palladium on carbon in 120 ml of isopropanol with hydrogen chloride added was
hydrogenated at 45 psi for 3 hr. The catalyst was filtered off and the solvent was
concentrated to give 6.7 g (84%) of the title compound, MS 285 (M+H).

(¢) N-(3-(((4-phenoxylbutyl)amino)carbonyl)phenyl)-2-thiophenecarboximidamide
oxalate

The above compound was first converted to the free base and the title compound
was prepared using the procedure of Example 30, step (c). The free base of the
title compound was then converted to the oxalate salt in isopropanol, MS 394
(M+H), m.p. 154-6 °C.

Example 53 | |
N-(3-(((4-phenylbutyl)amino)carbonvl)phenyl)-2-thiophenecarboximidamide oxalate

(a) 3-nitro-N-(4-phenylbutyl)benzamide 7

This compound was prepared following a process analogous to that of Example 49,
step (a). MS 299 (M+H). | -

(b) 3-amino-N-(4-phenvlbutyl)benzamide hydrochloride

This compound was prepared following a process analogous to that of;xample 52
step (b). MS 273 (M+H).
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() N-(3-({(4-phenylbutvl)amino)carbonyl)phenyl)-2-thiophenecarboximidamide
oxalate
This compound was prepared following the procedure of Example 30, step (c)

except an equivalent of triethylamine was also added. The free base was converted
to the oxalate salt in isopropanol, MS 376 (M+H), m.p. 118-120 °C.

Example 54

N-.( 4-((((benzyl)amino)carbonyl)methyl)phenyl )-2-thiophenecarboximidamide
(a) N-benzyl-(4-nitro)phenylacetamide

This compound was prepared following a process analogous to that of Example 49,
step (a), m.p. 172-82 °C.

(b) N-benzyl-(4-amino)phenylacetamide '

This compound was prepared following the procedure of Example 17, step (d), m.p.
137-140 °C.

(¢) N-(4-((((benzyl)amino)carbonyl)methylphenyl)-2-thio henecarboximidamide
This compound was prepared following the procédure of Example 30, step (c), m.p.
157-161 °C.

(a) N-pvrrolidinvl-(4-nitrophenyl)acetic acid

To a solution of 3.12 g (43.9 mmol) of pyrrolidine in a biphasic solution consisting

of 100 m! of methylene chloride and 100 ml of 20% potassium carbonate was added
dropwise 7.3 g (36.5 mmol) of 4-nitrophenylacetyl chloride in 25 ml of methylene
chloride. The reaction mixture was allowed to stir overnight and the organic phase
was separated and washed with dilute hydrochloric acid. Lhe solvent was
concentrated to give 6.26 g (73%) of the title compound, m.p. 103-5 °C.

(b) 4-(2-(1-pvrrolidinyl)ethylnitrobenzene -

This compound was prepared following the procedure of Example 17, step (c). MS
221 (M+H). Y

el

(c) 4-(2-(1-pyrrolidinylethvhaniline 5‘!
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This compound was prepared following the procedure of Example 34, step (c). MS
191 (M+H).
(d) N-(4-(2-(1-pyrrolidinyl)ethyl)phenyl)-2-thio henecarboximidamide
dihydrobromide
This compound was prepared following the procedure of Example 18, step (b).
The dihydrobromide salt was crystallised from isopropanol and ether, MS 300

(M+H).

(a) N-piperidinyl-(4-nitrophenyl)acetic acid

This compound was prepared following the procédure of Example 56, step (a), m.p.
105-7 °C.

(b) N=(4-(2-(1-piperidinyl)ethyl)nitrobenzene

This compound was prepared following the procedure of Example 17, step (c), MS
235 (M+H).

(c) N-(4-(2-(1-piperidinyl)ethyDaniline

This compound was prepared following the procedure of Example 34 step (c). The
hydrochloride salt was converted to the free base as an oil, MS 205 (M+H).

(d) N-(4-(2-(1-piperidinyl)ethyl)phenyl)-2-thio henecarboximidamide
dihydrochloride

This compound was prepared following the procedure of Example 34, step (d).

The dihydrochloride salt was crystallised from isopropanol and ether, m.p. 256-61
°C. '

Example 57

(a) N-pyrrolidinyl-(4-nitrophenyl)propenamide =
This compound was prepared following the procedure of Example 55 step (a), MS

247 (M+H).

(b) 4-(2-(1-((pyrolidinylicarbonylethylaniline ?”
eet Has Been Replaced
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This compound was prepared following the procedure of Example 34, step (c). MS
219 (M+H). '
(c) 4(3-(pyrolidinyl)propyDaniline dihydrochloride
This compound was prepared following the procedure of Example 17, step (c). The

dioxalate salt was prepared from ethanol and ether, m.p. 86-92 °C.

Example 58

(a) N-piperidinyl-(4-nitrophenyl)propenamide

This compound was prepared following the procedure of Example 55, step (a), m.p.
168-71 °C.

(b) 4-(2-(1-((piperidinvl)carbonvl)ethyaniline |

This compound was prepared following the procedure of Example 34, step (c). MS
233 (M+H). |

(c) N-(4-(2-(1-piperidinyl)propyl)aniline

This compound was prepared following the procedure of Example 17, step (c),

m.p. 180-5 °C.

This compound was prepared following the procedure of Example 17, step (e).
The dioxalate salt was prepared from ethanol and ethyl acetate, MS 328 (M+H).

dihydrobromide

(a) 4-nitro-N-(2-isoquinolyl)phenylacetamide

To a solution of 4-nitrophenylacetic acid (543 g 9301.5[?1;1_“0]) and 1,2,3,4-
tetrahydroisoquinoline (5.6 g, 42 mmol) in methylene chloride (200 ml) was added
1-(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (6.13 gf:ﬁ mmol).
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The reaction mixture was allowed to stir for 18 hr. The reaction mixture was

washed with dilute hydrochloric acid and dilute sodium hydroxide, dried, and the
solvent was concentrated to give a solid. Trituration with ether gave the title

compound, m.p. 137-9 °C.

(b) N-(4-(2-(2-(1,2.3.4-tetrah isoquinolyl)ethyl)nitrobenzene

This compound was prepared following the procedure of Example 17, step (c), m.p.
97-102 °C.

(¢) N-(4-(2-(2-(1.2.3.4-tetrahydro)isoquinolyl)ethyl)aniline

This compound was prepared following the procedure of Example 34, step (¢), m.p.
300 °C (dec). |

(d) N-(4-(2-(2-(1,2,3.4-tetrahydro)isoquinolyl)e

thiophenecarboximidamide dihydrobromide

This compound was prepared following the procedure of Example 18, step (b).

The dihydrobromide salt was prepared from ethanol and ethyl acetate, MS 362

(M+H).

Example 60
N-(4- henylmethyl)amino)methyl nyl)amino)phenyl)-2-

_thiophenecarboximidamide free base

(a) N-(4-nitrophenyl)-2-chloroacetamide

4-nitroaniline (13.8 g) in ethyl acetate (200 ml) was treated with triethyl amine (15
ml) and then treated in portions with chloroacetyl chloride (8 ml). The resulting
mixture was stirred for 10 minutes. The mixture was then treated with water (200
ml) and ethyl acetate (100 ml). The mixture was warmed until all solids were
dissolved, and the layers separated. The ethyl acetate layer was then concentrated
to 100 mi whilst hot, and cooled to room temperature. The next day the mixture
was filtered, and the solids washed with ethyl acetate and?air dried to give N-(4-
nitrophenyl)-2-chloroacetamide, m.p. 183-185 °C, 14.83 g.

(b) 4-((((phenylmethy)amino)methylcarbonyl)amineffitrobenzene

The compound of step (a) (4.28 g) and benzy]aminé (2.5 ml) were combined in
DMF (10 ml) with potassium carbon_ate (3.2 g) and stirred at room ;ggg_f)erature for
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3 hours. The solids were filtered off, and washed with methanol (2 X 10 ml). The

‘combined filtrates were slowly diluted with water to 150 ml to give yellow solids,

which were collected by filtration, and air dried to give 4- _
((((phenylmethyl)amino)methylcarbonyl)amino)nitrobenzene, MS 286 (M+H).
(c) & henylmethyl)(trifluoromethylcarbonyl)amino)methylcarbonyl

amino)nitrobenzene
The compound of step (b) (4.9 g) trifluoroacetic anhydride (2.5 ml) and

triethylamine (2.5 ml) were combined in ethyl acetate (50 ml), and the mixture with
suspended solids was warmed to 50 °C overnight. The mixture was then washed
with water (50 ml), filtered to remove solids, and the ethyl acetate layer was
evaporated. The residue was taken up in ether (150 ml) and cooled to -20 °C
overnight. The solids were collected by filtration to give 4-
((((phenylmethyl)(triﬂuoromethylcarbonyl)amino)methylcarbonyl)-amino)-
nitrobenzene, MS (M+H) = 282.
(d)4- ((((phemlmethyl)(mﬂuorometmlcarbogyl)mno]memlcarboml)almno]anﬂme
The compound of step (c) (3.8 g) was dissolved in ethyl acetate (50 ml) and ethanol
(50 ml). The mixture was hydrogenated at 50 psi with palladium on carbon for 4
hours. The mixture was filtered and evaporated in vacuo to give white solids, 4-
((((phenylmethyl)(triftuoromethylcarbonyl)amino)methylcarbonyl)Jamino)-aniline,
MS (M+H)=352.
(e) N-(4- henylmethyl)amino)methylcarbonyl)amino hen 1)-2-
thiophenecarboximidamide free base
The compound of step (d) (1.05 g) and S-methyl-2-thiophenethiocarboximide
hydroiodide (the product of Example 1 step (d)) (0.85 g) were treated with
methanol (2 ml). After 15 minutes the solids had dissolved and the mixture was
blown down with nitrogen to remove methanethiol. TLC with 10 % isopropanol in
chloroform on silica showed starting amine consumed and new spot of lower Rf.
The mixture was dissolved in methanol (6 ml), and treated with potassium |
carbonate (1.1 g). The TLC with 15 % methanol ipechloroform on silica showed
incomplete hydrolysis, so an additional 1.1 g of potassium carbonate was added
After 2 hours the conversion was complete, and the mix was filtered tgfemove
#
\
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solids. The next day the filtrate was treated with 0.65 g of maleic acid, diluted with
ether and stirred overnight. The solids that were collected were not the desired
product. The filtrate was further diluted with hexane, and washed with water. The
aqueous layer was treated with 1 M potassium carbonate, and extracted with ethyl
acetate. The ethyl acetate was evaporated in vacuo, and the residue taken up in 20

ml of methanol. The solution was treated slowly with water until solids precipitated.

_ the solids were collected by filtration and dried at 40 °C under vacuum to give N-(4-

((((phenylmethyl)amino)methylcarbonyl)amino)phenyl)-2-
thiophenecarboximidamide, free base, m.p. 161-163 °C.

Example 61
N-(4-(2-(((2-Furanyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
dioxalate

(a) 4Nitrophenyl acetyl chloride .

To 4-nitrophenyl acetic acid (30 g) was added thionyl chloride (100 ml). The mix
was heated to reflux under nitrogen and stirred for two hours. The excess thionyl
chloride was evaporated under vacuum, and the remaining oil was azeotropically
dried with toluene. The resulting oil crystaliized upon standihg to leave 4-
nitrophenyl acetyl chloride (35 g).

(b) 4-(2-(((2-Furanyl)methyl)amino)ethyl)nitrobenzene hydrochloride

To a stirred solution of furfurylamine (1.32 g) in methylene chloride (125 ml) at °C
was added triethyl amine (2.36 ml), followed by the dropwise addition of a solution
of the compound of step (a) (3.0 g) in methylene chloride (10 ml). The mixture
was stirred at 0 °C for 15 minutes. The mixture was poured into water (150 ml)
and the crude products extracted with methylene chloride (2 X 100 ml). The
organic layers were collected, dried (MgSO,), filtered and?concentrated. The
resulting solids were taken up in a solution of 7% methanol/methylene chloride, and
purified on a silica gel column eluted with the same solvent. The product was
collected and concentrated. The solid was taken up%n THF (50 ml) and treated
with 1M Borane/THF (50 ml). The solution was refluxed for 15 hours. The
mixture was cooled to 0 °C and was slowly made acidic with 4N hyd%qgﬁoric acid.
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The mixture was reheated to reflux and stirred for 4 hours. The excess acid and
THF was evaporated under vacuum, and the remaining slurry was taken up in
water (100 ml) and ethyl acetate (100 ml), made basic with 50% sodium hydroxide,
and extracted with ethyl acetate (3 X 125 ml). The organic layers were collected,
dried (MgSO,), filtered and concentrated. The crude product was purified on a
silica gel column eluted with 10% methanol/methylene chloride. The product was
collected and concentrated. The remaining solids were taken up in isopropyl
alcohol (25 ml), and treated with saturated IPA/HCI (10 ml). The white solids were
filtered and washed with isopropyl alcohol to give 4-(2-(((2-
furanyl)methyl)amino)ethyl) nitrobenzene hydrochloride (2.9 g).

(¢) 4-(2-(((2-furanymethyl)amino)ethyl) aniline dihydrochloride.

To a stirred solution of the compound of step (b) (2.46 g) in acetic acid (100 ml)
was added of zinc dust (3.3 g) in one portion. The mixture was stirred for 10
minutes. The zinc was filtered and the excess acid evaporated under vacuum. The
remaining solids were taken up in water (100 ml) and ethyl acetate (100 ml), made
basic with 50% sodium hydroxide, and extracted with ethyl acetate (3 X 125 ml).
The organic layers were collected, dried (MgSO,), filtered and concentrated. The
remaining oil was taken up in isopropyl alcohol (25 ml) and freated with saturated
IPA/HCI (10 ml). The white solids were filtered and washed with isopropyl alcohol
to leave 4-(2-(((2-furanyl)

methyl)amino)ethyl) aniline dihydrochloride (1.50 g).

(d) N-(4-(2-(((2-Furanyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
dioxalate

To a stirred suspension of the compound of step (c) (1.5 g) in DMF (15 ml) was
added pyridine (0.42 ml) followed by of S-methyl-2-thiophenecarboxamide
hydroiodide (the product of Example 1 step (d)) (1.51 g).a The mixture was heated
to 50 °C and stirred for 48 hours. The mixture was then diluted in 100 ml water
and made basic with excess 50% sodium hydroxide. The crude product was
extracted with ethyl acetate (3 X 100 ml). The orgdhic layers were collected and |
washed with water (2 x 200 ml). The organic layer was dried (MgSO,), filtered and
concentrated. The crude product was purified on a silica gel co]um%,sﬁted with
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20% methanol/methylene chloride. The product was collected and concentrated to
an oil, which was taken up in isopropyl alcohol and treated with 2.5 equivalents of
oxalic acid. The white solids were filtered and washed with ether to leave N-(4-(2-
(((2-Furanyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide dioxalate
(580 mg) m.p. decomposes >220 °C.

Example 62
The following compounds were made following a process analogous to that of

Example 61:

(a) N-(4-(2-(((2-Pyridyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
trihydrochloride, m.p. decomposes >250 °C.

(b) N-(4-(2-(((2-Thiophenyl)methyl)amino)ethyl phenyl)-2-

thiophenecarboximidamide dioxalate, m.p. decomposes >226 °C.

Example 63

N-(4-((amino)carbonyl)phenyl)-2-thiophenecarboximidamide hydroiodide
This compound was prepared following the procedure of Example 26, step (b).

The salt was recrystallized from 30% isopropanol in water, m.p. 236 °C (dec).

Example 64
N-(4-(((2-thienyl)carbonyl)amino)phenyl)-2-thiophenecarboximidamide oxalate

(a) N-(4-nitrophenyl)-2-thiophenecarboxamide

This compound was prepared using the procedure described for Example 26, step
(a), MS 249 (M+H).

(b) N-(4-amino)aniline-2-thiophenecarboxamide

This compound was prepared using the procedure described for Example 17, step

(d). MS 219 (M=H).

(¢) N-=(4-(((2-thienyl)carbonyl)amino)phenyl)-2-thiophenecarboximidamide oxalate

‘This compound was prepared following the proceduge of Example 7, step (c). The

free base was converted to the oxalate salt in isopropanol, m.p. 2313 °C.
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Example 65
N-[4-((((Diphenylamino)carbonyl)amino)Ymethyl)phenyl }-2-thiophenecarboxamidine
oxalate

(a) 4-((((Diphenylamino)carbonyDamino)methynitrobenzene

To a stirred solution of 4-nitrobenzylamine hydrochloride (1.04 g, 5.51 mmol) and
triethylamine (1.56 ml, 11;22 mmol) in methylene chloride (10 ml) was added
diphenylcarbamyl chloride (1.40 g, 6.07 mmol). After stirring for 5 hr, the mixture
was dumped into water and the layers separated. The aqueous layer was further
extracted with methylene chloride (3 X 20 ml). The combined extracts were washed
with water, dried (MgSO,), filtered, and concentrated to yield a solid which was
recrystallized from ethyl acetate/hexane/methanol to give
4-((((dipheny]amino)carbonyl.)amino)-methy])nitr'obenzene as a white solid: 1.37 g
(72% yield); m.p. 137-138 °C.

- (b) 4-((((Diphenylamino)carbonyl)amino)methvl)aniline

To a stirred solution of the compound of step (a) (1.37 g, 3.94 mmol) in
THF/MeOH (100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture
was hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to
give 4-((((diphenylamino)carbonyl)amino)methyl)aniline which was homogeneous
by TLC and used immediately in the next reaction.

(©
N-[4-((((Diphenylamino)carbonvl)aminoYmethyl)phenyl]-2-thiophenecarboxamidine
oxalate '

To a solution of the compound of step (b) (1.24 g, 3.90 mmol) in isopropanol (10
ml) was added S-methyl-2-thiophenethiocarboximide hydroiodide (1.06 g, 3.70
mmol). The mixture was stirred for 18 hr, dumped into basic water and extracted
with chloroform ( 3 X 30 ml). The combined extracts wefe washed with water,
dried (MgSO,), filtered, concentrated, and chromatographed over silica (6%
methanol/methylene chloride) to an oil which solidified upon standing. A small
amount was isolated as the oxalate salt: (48 mg); m’p (dec) 150 °C.

. :‘.;'.

#
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N-(4-((((2-thiophenyl)iminomethyl)amino)methyl)phenyl)-2-thiophenecarboxamidine

difumarate

a) 4-(aminomethylaniline

To a solution of 4-nitrobenzylamine hydrochloride (9.0 g, 4.7 mmol) in methanol
(200 ml) was added acatalytic amount of 10% palladium on carbon. The mixture
was hydrogenated at 50 psi for 4 hours, filtered through celite, and concentrated to
give a crude oil. The oil was dissolved in water (100 ml), and 20% sodium
hydroxide (20 ml), was extracted twice with dichloromethane, the organic layer
dried (MgSO,), filtered and was concentrated to yield (6.1g) of 4-
(aminomethyl)aniline.

b) N-(4-((((2-thiophenyliminomethyl)amino)methyl)phenyl)-2-
thiophenecarboxamidine difumarate X _
A mixture of the compound of step (a) (1.6 g 1.3 mmol) and S-methyl-2-

thiophenethiocarboximide hydroiodide (the product of Example 1, step (d)) (44 g,
1.5 mmol) in of DMF (10 ml) was warmed to 40 °C for 72 hours. The mixture was
then diluted with 20% aqueous sodium hydroxide, and the solid collected by
filtration to yield (2.5g) of crude N-(4-((((2- '
thiophenyl)iminofnethy])amino)meth'yl)phenyl)-Z-thiophenecarboxamidine. The
difumarate salt was made from methanol and isopropanol. m.p. 200-201 °C.

'Example 67

Following a process analogous to that of Example 66, the following compound was
prepared:

(a) N=(4-((((2-thiophenyl)iminomethylamino)ethyl)phenyl)-2-

thiophenecarboxamidine difumarate m.p. 200-201 °C.

Example 68

N-(4-((((3-methylphenyl)iminomethyl)amino)ethyl)ghenvl)-Z-
thiophenecarboxamidine difumarate ' =
a) N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboxamidine
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To a solution of 4-aminoethyl aniline dihydrochloride (1.4 g, 6.6 mmol) and S-
methyl-2-thiophenethiocarboximide hydroiodide (the product of Example 1, step
(d)) (22 g, 7.9 mmol) in DMF (10 ml) was added pyridine (0.52 g, 6.6 mmol). The
mixture was stirred at 40 °C for 24 hours, diluted with 20% aqueous sodium
hydroxide, extracted twice with dichloromethane, dried (MgSO,), filtered and
concentrated to give N-(4-(2aminoethyl)phenyl)-2-thiophenecarboxamidine (4.1g) as

~an oil.

b) N-(4-((((3-methylphenyl)iminomethyl)amino)ethyl)phenyl)-2-
thiophenecarboxamidine difumarate

To a solution of the compound of step (a) (2.0 g, 8.2 mmol) was added S-methyl-(3-
methylphenyl)thiocarboximide hydroiodide (2.8 g, 9.2 mmol) in isopropanol (10 mi).-
The mixture was stirred at 40 °C for 18 hours, diluted with 20% aqueous sodium
hydroxide, and extracted twice with ethyl acetate. The organic layer was washed
with water (100 ml), dried (MgSO,) filtered and concentrated to give an oil. The
difumarate salt was made from methanol, isopropanol, and ethyl acetate to yield N-
(4-((((3-methylphenyl)iminomethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine
difumarate: m.p. 200-201 °C. '

Example 69 _

Following a process analogous to that of Example 68, the following compound was
prepared: |

(a) N-(3-((((2-thiophenyl)iminomethyl)amino)ethyl)phenyl)-2-

thiophenecarboxamidine difumarate. m.p. 211-212 °C.

dihydrochloride
a) [2-(4-nitrophenyl)ethyl]pyrimidi-2-ylamine
To a solution of 4-nitrophenethylamine hydrochioride (2.0 g, 9.8 mmol) in

dimethylformamide (20 ml) was added potassium carbonate (10 g) %g.fz-
chloropyrimidine (1.6 g, 1.4 mmol). The mixture was heated to 100 °C for 24 hours,
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~ diluted with water (300ml), extracted twice with ethyl acetate, dried (MgSO,),

filtered and concentrated to yield a crude solid. The monohydrochloride salt was
made from ethyl acetate, isopropanol to yield (2.4g) of [2-(4-nitrophenyl)ethyl]
pyrimidi-2-ylamine hydrochloride.

2-(4-aminophenyl)-ethyl]pyrimidi-2-vlamine
To a solution of the compound of step (a) in acetic acid (100 ml) was added zinc
dust (3.0 g). The reaction mixture was stirred for 30 minutes, filtered and
concentrated. The residue was partitioned with 20% aqueous sodium hydroxide
and dichloromethane and the organic layer was dried (MgSO,), filtered and
concentrated to yxeld 1. 3g of [2-(4-ammophenyl)-ethyl]pynm1d1-2‘ylamme

dihvdrochloride
To a solution of the compound of step (b) (1.3 g, 6.6 mmol) in (10 ml) of

dimethylformamide was added S-methyl-2-thiophenethiocarboximide hydroiodide
(the produét of Example 1, step (d)). The reaction was stirred for 72 hours, diluted
with 20% sodium hydroxide and extracted twice with ethyl acetate. The combined
extracts were washed twice with water, dried (MgSQ,), filtered and concentrated.
The hydrochloride salt was made from methanol and isopropanol to yield N-(4-(2-
((pyrimidin-z-yl)amino)ethyl)phenyl)-2-thiophenecarboxamide dihydrochoride. m.p.
191-192 °C.

a) 3-fluoro-4-nitrophenoxyacetic acid _
A sample of 3-fluoro-4-nitrophenol (5.18 g) and potassiurg carbonate (10 g) was

treated with DMF (20 ml). Ethyl bromoacetate (5 ml) was then added, and the

mixture was stirred at 22 °C. After two hours the mixture was treated with
methanol (20 mi) and water (40 ml) and allowed tetir. After an additional two
hours, the mixture was diluted with water to 200 ml and the solids fi Itered off. The
filtrate was acidified and the solids collected to give 3- t‘luoro-4-mtro§;noxyacenc

acid, m.p. 90-92°C. . I
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b) N-phenylmethyl-3-fluoro-4-nitrophenoxyacetamide
A sample of the compound of step (a) (2.84 g) was dissolved in dry THF (100 ml),

then methylmorpholine (1.45 ml) was added and the mix stirred at 0 °C. Ethyl
chloroformate, (1.26 ml) was added, and the mixture stirred for 2 minutes.
Benzylamine (1.45 ml) was added, and the mixture as stirred at 0 °C. After 15
minutes the mixture was diluted- slowly with water to 220 ml and stirred at 0 °C.
The resulting solids were collected and washed with water then air dried to give N-
phenyimethyl-3-fluoro-4-nitrophenoxyacetamide, m.p. 128.5-130 °C.

(c¢) N-(4-(2-({phenylmethyl)amino)ethoxy)-2-fluoro-phenyl)-2-
thiophenecarboximidamide

The product of step (b) was converted to N-(4-(2-((phenylmethy])ammo)
ethoxy)-2-ﬂuoro-phenyl)-2-thlophenecarbox1mldamlde free base following a process
analogous to that of Example 19, steps (c) and (d); m.p. 105-107 °C.

Example 72 .
N-(4-(2-((phenvimethvl)(methvl)amino)ethyphenv)itrifluoroacetimidamide

4-(2-((phenylmethyl)(methyl)amino)ethyl)aniline dihydrochloride (prepared
following method of Example 19, steps (a)-(c)) (1.03 g) was dissolved in water (25
ml), treated with 50% sodium hydroxide (5 ml), and extracted with ethyl ether. The
extract was dried (NaOH), and evaporated to provide free base, 0.72 g. The free
base was then treated with trifluoroacetimidamide, and warmed to 100 °C. - After
one hour, toluene (5 ml) was added to improve stirring. The mixture was cooled
after 2 hours, and water (30 ml) was added, and the mixture was stirred. After 15
minutes, the water was decanted from the resulting semisolid tan residue. The
residue was recrystallised from a methanol and water mixgure (125 mt), giving
N-(4-(2-((phenylmethyl)(methyl)amino)ethyl)phenyl)-trifluoroacetimidamide, as a

tan solid, m.p. 105-107 °C.
=
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wherein

D represents phenyl, pyridinyl or a 5 membered heterocyclic aromatic ring
containing 1 to 4 heteroatoms selected from O, S and N, which three groups are
optionally substituted by one or more groups selected from alkyl C1 to 6, alkoxy C1
to 6, halogen and perfluoroalkyl C1 to 6; or perfluoroalkyl C1 to 6;

R! represents hydrogen, alkyl C1 to 6 or halogen;

R? represents -X(CH,),ZCONR®R*, -X(CH,),NHCO(CH,) NR°R®,

-X(CH,),NR*R", -X(CH,),NHCORS® or -(CH,),NHC(NH)R®;

R? and R* independently represent hydrogen, alkyl C1 to 6, -(CH,),A, -(CHz),,OA
or -CH(CH,)(CHo):A;

or -NR®R* together represent 1-indanyl, piperonylamino-, piperidinyl, morpholinyl,
pyrrolidinyl, 1,2,3,4-tetrahydroisoquinolinyl; or piperazinyl optionally 4-substituted by
alkyl C1 to 6;

RS represents alkyl C1 to 6, perfluoroalkyl C1 to 6, -(CH,),A or

-O(CHpWA;

A represents phenyl, pyridinyl, pyrimidinyl, or a 5 membered heterocyclic aromatic
ring containing 1 to 4 heteroatoms selected from O, S and N, which four groups are
optionally substituted by one or more groups selected from alkyl C1 to 6, halogen,
nitro, cyano and trifluoromethyl;

R® represents phenyl, pyridinyl or a 5 membered heteroci’chc aromatic nng
containing 1 to 4 heteroatoms selected from O, S and N, which three groups are
optionally substituted by one or more groups se]ect%;l from alkyl C1 to 6, alkoxy C1
to 6, halogen and perfluoroalkyl C1 to 6; or perfluoroalkyl C1 to 6;

nandr independcntly represent an integer in the range 0 to 6 ihclhsivg;’

£ -
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p and w independently represent an integer in the range 1 to 5 inclusive;

m represents an integer in the range 2 to. 5 inclusive;

-q and t independently represent an intéger in the range O to § inclusive;

s represents an integer in the range 1 to 3 inclusive;

X represents O or a bond;

Z represents O, NR? or a bond;

R’ represents hydrogen or alkyl C1 to 6;

provided that:

(a) when D contains a heteroatom, it is not connected to the remainder of the
conipound of formula I through the heteroatom;

(b)  when R? represents -X(CH,),ZCONR®R* and neither X nor Z represent a
bond, then n represents an integer in the range 2 to 6 inclusive;

()  when R represents -X(CH,),NHCO(CH,)NR’R* or -X(CH,),NHCOR’,
and X represents O, then n represents an integer in the range 2 to 6 inclusive;
(@  when R? represents -X(CH,) NR°R* and X represents O, then p represents
an integer in the range 2 to 5 inclusive;

(e)  when R? represents -(CH,),NHC(NH)R, Rl represents hydrogen, D
represents phenyl and R® represents phenyl, then q does not represent 0;

® . whenR? represents -(CH,), NHC(NH)R®, R! represents hydrogen, D
and R°® represent 2-chlorophenyl, then q does not represent 0;

(8  when R? represents -(CH,) NHC(NH)R®, R! represents hydrogen, D and R®
represent 3-pyridinyl, then q does not represent 0; and

(h)  when R? represents -(CH,) NHC(NH)R®, R! represents hydrogen, D and R‘
represent 4-pyridinyl, then q does not represent 0;

or a pharmaceutically acceptable salt thereof.

2. A compound as claimed in claim 1, wherein D rep;esents phenyl, thiophene,
pyrrole, furan or thiazole which five groups are optionally substituted by one or
more groups selected from alkyl C1 to 6, alkoxy Cl;,nto 6, halogen or perfluoroalkyl
Cl1 to 6. |

3. A compound as claimed in claim 1 or claim 2, wherein D réprgééﬁts
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thlophene, furan or pyrrole.
4. A compound as claimed in any one of the precedmg claims wherein R2
represents -X(CH,),NR’R* or -(CH,),NHC(NH)R®.
3. A compound as claimed in any one of the preceding claims wherein R?
represents -X(CH,),NR’R", X represents a bond and either -NR’R* represents
1,2,3,4-tetrahydroisoquinolinyl or 1-indanyl or one of R? and R* represents -(CH,),A
and the other represents hydrogen or methyl.
6. A compound as claimed in any one of the preceding claims wherein R?
represents -X(CH,),NR°R’, p represents an integer in the range 1 to 3 inclusive,
one of R? and R* represents -(CH,).A and the other represents hydrogen or methyl,
r represents 1 or 2 and A represents phenyl optionally substituted by one or more
groups selected from alkyl C1 to 6 and halogen. _
7. A compound as claimed in any one of claims 1 to 4 wherein R? represents
-(CH,),NHC(NH)RS, q represents 0, 1 or 2 and R® represents phenyl or thiophene,
which two groups are optionally substituted by one or more groups selected from
alkyl C1 to 6 and halogen.
8. A compound as claimed in any one of claims 1 to 4 and claim 7 wherein R?
represents -(CH,),NHC(NH)R® and q represents 0.
9. A compound of formula I, as claimed in claim 1, which is:
N-(4—(2-((phenylmethyl)amino)ethy])phenyl)-z-thiophenecarbo:dmidamfde;
N-(4-(1-((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(1-((phenethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((2-chlorophenylinethyl)amino)ethyl)phenyl)-2-thiophenecarbo:dmidamide;
N-(4-(2-((3-fluorophenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((2-methylphenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;

. N-(4-(2-(methylamino)ethyl)phenyl)-2-thiophenecarbo:dmi=&amide;

N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide;
N-((4-morpholinylmethyl)phenyl)-2-thiophenecarboxirhidamide;
N-(3-(((phenylmethyl)ammo)methyl)phenyl)-2-th10phenecarboxlm1damlde
N-(4-(2-(((2,6-d1chlorophenyl)methyl)ammo)ethyl)phenyl)-Z-thlopher; }
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carboximidamide;
N-(4-(2-(((2-bromophenyl)methylamino)ethyl)phenyl)-2-
thiophenecarboximidamide;

N-(3-(2-((Phenylmethyl)amino)ethyl)phenyl)-3-thiophenecarboximidamide;
N-(4-(2-((2,6-dichlorophenylmethyl)amino)ethyl)phenyl)
-3-thiophenecarboximidamide; .
N-(4-(2-aminoethyl)phenyl)-3-thiophenecarboximidamide dihydrobromide;
N-(4-(2-((2,6-dichlorophenylmethyl)amino)ethyl)phenyl)-2-furanocarboximidamide;
N-(3-(3~( 1-pyrolidinyl)pro_pyl)phenyl)-z-ttﬂophenecarbniidamide;
N-(4-(2-aminoethyl)phenyl)-2-furocarboximidamide dioxalate;
N-(4-((1-piperidinyl)methyl)phenyl)-2-thiophenecarboximidamide;

N-(4-(( 1-pyrrolidiﬁyl)methyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(3-((amino)methyl)phenyl)-2;thiophenecarbo:cimidamide;
N-(3-(2-((phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(3-(2-(Ethylamino)ethyl)phenyl)-2-thiophenecarboximidamide; |
N-(3-(3-((Phenylethyl)aminc)propyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2~(((2-Bromophenyl)methyl)amino)ethyl)pheny1)-2-
thiophenecarboximidamide;
N-(3-(2-(Phenylamino)ethyl)phenyl)-2-thiophenecarboximidainide;
N-(4-(2-(Ethylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(2-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(1-Propylaxﬁino)ethy])phenyl)-z-thiophenecarboximidamide;
N-(4-(2-(t-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(n-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-(Methylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-(1-Propylamino)ethyl)phenyl)-Z-thiophenecarbmidamide;
N-(3-(2-(t-Butylamino)ethyl)phenyl)-2-thiophenecarhpximidamide;
N-(3-(2-(2-Propylamino)ethyl)phenyl)-Z-miopheneéé'rbo:dmidamide;
N-(3-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide; §

#
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N-(3-(2-(Dimethylamino)ethyl)phenyl)-z-thiophenecarbo:dmidamide;
N-(3-(2-(Diethylamino)ethyl)phenyl)-2-thiophenecarbaximidamide;
N-(3-(2-(2-(1,2,3,4-Tetrahydro)isoquinolinyl)ethyl)phenyl)-2-

. thiophenecarboximidamide;

N-(4-(3-(2-(1,2,3,4 -tetrahydro)lsoqumolyl)propyl)phenyl)-2-th10phene
carboximidamide;

N-(3-(2-(((2-Chlorophenyl)methyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide;
N-(3-(3-((Phenylmethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((3-Chlorophenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(4-(2-(((4-Chlorophenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(4-(2-(((3-Chlorophenyl)methyl)amino)ethyl)phenyl)-3»chlorothio§hene-
2-carboximidamide;

N-(3-(2-((N-Phenylmethyl-N-methyl)amino)ethyl)phenyl)-2-
thiophenecarbo:ﬁmidamide; |
N-(4-(2-((N-Phenylmethyl-N-methyl)amino)ethyl)phenyl)-2-thiophene
carboximidamide;
N-(3-(2-(((3-Chlorophenyl)methyl)amino)ethyl)phenyl)-2-thiophene
carboximidamide;
N-(3-(2-(((3-fluorophenyl)methyl)amino)ethyl)phenyl)-2-thiophene carboximidamide;
N-(4-(3-(((3-Chloropﬁenyl)methyl)amino)propyl)phenyl)-z-thiophene
carboximidamide;
N-(4-(3-((phenylmethyl-N-methyl)amino)propyl)phenyl)-2-thiophene
carboximidamide; |
N-(4-(3-((phenylamino)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(3-((phenylmethylamino)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(3-((1-pyrrolidyl)carbonyl)propyloxy)phenyl)-2-thiophenecarboximidamide;
N-(4-(3-((4-morpholinyl)carbonyl)propyloxy)phenylﬁ:thiophenecarboﬁmidamide;
N—(4-(2-((phenylmethylammo)carbonyl)ethyl)phenyl)-2-th10phenecarbo:nm1dam1de,
N-(3-(2-((phenylammo)carbonyl)ethyl)phenyl)-z-thlophenecarboxxmx?imde,
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N-(4-(3-((phenylamino)carbonyl)propyl)phenyl)-2-pyrrolecarboximidamide;

- N-(4-(3-((phenylamino)carbonyl)propyl)phenyl)-2-furocarboximidamide;

N-(4-(3-((phenylamino)carbonyl)propyl)phenyl)-3-chloro-2-
thiophenecarboximidamide;
N-((3-((phenylamino)carbonyl)propyl)phenyl)-1-methylpyrrole-2-carboximidamide;
N-(4-(3-(1-(4-methylpiperazinyl)carbonyl)propyl)phenyl)-2-thiophene
carboximidamide; |
N-(4-(3-((1-pyrrolidyl)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(3-((4-morpholinyl)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((phenylamino)carbonyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((4-morpholinyl)carbonyl)ethyl)phenyl)-2-methylthiazole-4-carboximidamide;
N-(4-(2-(((4-morpolinyl)carbonyl)amino)ethyl)phenyl)thiophene-2-carboximidamide ;
N-(4-(3-(phenylaminot:arbonyl)propyloxy)phenyl):-z-thiophenecarboximidamide;
N-(4-(2-(((trifluoromethyl)carbonyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide;
N-(4-(2-(((methyl)carbonyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((phenylmethyl)carbonyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((phenyl)carbonyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((phenyliminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide;
N-N'"-(1,4-phenylene)bis-2-thiophenecarboximidamide;
N-N"-(1,3-phenylene)bis-2-thiophenecarboximidamide;

N,N’+( 1,3-phenylene)bis-z-chlorophehylcarbo:dmidamide;
N,N’-(1,Lphenylene)bis-3-chlorothiophene-2—carbo:n'midamide;
N-(4~(((2-methoxyphenyl)iminocarbonyl)amiﬁo)phenyl)-z-thiophene
carboximidamide;
N-(4-(((Phenyl)iminocarbonyi)amino)phenyl)-3-chlorothio§hene-2-carboximjdamide;
N-(4-(((Phenyl)iminocarbonyl)amino)phenyl)-3-thiophenecarboximidamide;
N-(3-(((phenyl)iminocarbonyl)amino)_phenyl)-2-thiog}3enecarboximidamide;
N-(4-(((4-chlorophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamine;
N-(4-(((2-chlorophenyl)inﬁnocarbonyl)amino)phenyl)-z-thiophenecarbo}fx;ﬁiidamide;
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N-(4~(((4-bromophenyl)iminocarbonyl)amino)phenyl)-z-thiophenecarbo:dmidamide;

_ N-(4~(((3-chloro-4—methylphenyl)lmmocarbonyl)ammo)pheny])-z-tluophene

carboximidamide;
N-(4-(((3,5-dlmethoxyphenyl)iminocarbonyl)amino)phenyl)-z-
thiophenecarboximidamide;
N-(4-(((3,5-dichlorophenyl)iminocarbonyl)amino)phenyl)-2-
thiophenecarboximidamide;
N-(4-(((Phenyl)iminocarbonyl)amino)phenyl)-2-furancarboximidamide;
N-(4-(((3-methylphenyl)iminocarbonyl)amino)phenyl)-2-
thiophenecarboximidamide;
N—(4-(((3-Methoxyphenyl)1mmocarbonyl)ammo)phenyl)-z-thlophene
carboximidamide;

' N-(4—(((3-Bromophenyl)iminocarbonyl)amino)pheny])-2-thiophenecarboximidaﬁide;

N-(4-(((3-chlorophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide;
N-(4-(((3-methylphenyl)iminocarbonyl)amino)phenyl)-2-pyrrolecarboximidamide;
N -(4-(((4-chlorophenyl)iminocarbonyl)amino)phényl)-z-pyrrole.carbmdmidamide;
N-(4-(2-(((Phenylamino)carbonyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(4-(2-(((phenylamino)carbdnyl)oxy)ethyl)phenyl)-Z-tlﬁophenecarbo:dnﬁdamide;
N-(4-((bis(phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-aminomethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(1,2,3,4-tetrahydroisoquinolin-2-yimethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(4-((phenylmethyl)amino)butyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((((2-thiophenyl)iminomethyl)amino)methyl)phenyl)-2-
thiophenecarboximidamide; .

N-(3-(3~( 1-pyrrolidinyl)propyl)phenyl)-phenylcérboximidamide;
N-(4-(2-((4-methoxyphenylmethyl)amino)ethyl)phenyl)
-2-thiophenecarboximidamide;
N-(4-(2-((4~methylphenylmethyl)ammo)ethyl)phenylfz-th1ophenecarbox1m1dam1de,

'N-(3-(2-((3-phenylpropyl)amino)ethyl)phenyl)-2-thiophenecarboximidamigde;

N—(3-(2-((2-methylphenyhnethyl)amino)ethyl)phenyl)-Z-thiophenecal'yﬁ'inidamide;
— T
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N-[4-(2-((1-indanyl)ethyl)amino)phenyl}-2-thiophenecarboximidamide;
N-(4-(2-(((4-pyridyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((2—thienyl)méthyl)amino)ethyl)phenyl)-Z-thiophenecarboximidamide;
N-(3-(2-((2-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-aminoethyl)phenyl)-2-pyrrolecarboximidamide;
(5)-N-(4-(2-((1-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
(R)-N-(4-(2-((1-phenylethyl)axhino)ethyl)phenyl)—2-thiophenecarboximidamide;
N-(3-(2-((4-phenylbutyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(((phenylmethoxy)carbonyl)aminomethyl)phenyl)-2-thiophene
carboximidamide;
N-(4-(2-((phenylmeéthyl)amino)ethoxy)phenyl)-2-thiophenecarboximidamide;
N-(4-(((diphenylamino)carbonyl)amino)phenyl)-2-thiophenecarboxamidine;
N-(3-((benzoyl)amino)phenyl)-2-thiophenecarboximidamidé;
N-(4-((benzoyl)amino)phenyl)-2-thiophenecarboximidamide;
N-(3-(((phenylamino)carbonyl)amino)phenyl)-2-thiophenecarboximidamide;
N-(3-(((4-phenoxylbutyl)amino)carbonyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(((4-phenylbutyl)amino)carbonyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((((benzyl)amino)carbonyl)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2«( 1-pyrrolidinyl)ethyl)phenyl)-z-thiophenecarbo:dinidamide;
N-(4-(2-(1-piperidinyl)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(3-(1-pyrrolidinyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(3-(1-piperidinyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(2-(1,2,3,4-tetrahydro)isoquinolyl)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((((phenylmethyl)amino)methylcarbonyl)amino)phenyl)-z-
thiophenecarboximidamide;
N-(4-(2-(((2-furanyl)methyl)ammo)ethyl)phenyl)-Z-th1ophenecarbo:nm1dam1de
N-(4-(2-(((2-Pyridyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((2-'I'hiophenyl)methyl)amino)ethyl)phenyf?i—thiophenecarbmdnﬁdamide;
N-3-((aminocarbonyl)phenyl)-2-thiophenecarboximidamide;

N -(4-(((2-th1enyl)carbonyl)ammo)phenyl)-2-t1uophenecarbox1m1dam1d§g
G G
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N-[4~((((Diphenylamind)carbonyl)amino)methyl)phenyl]-2-thiophenecarboxamidine;
N-(4-((((2-thiophenyl)iminomethyl)amino)methyl)phenyl)-2-
thiophenecarboxamidine;
N-(4~((((2-thiophenyl)iminomethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(4-((((3-methylphenyl)iminomethyl)amino)ethyl)phenyl)-2-
thiophenecarboxamidine;
N-(3-((((2-thiophenyl)iminomethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(4-(2-((pyrimidin-2-yl)amino)ethyl)phenyl)-2-thiophenecarboxamide;
N—(4-(2-_((phenylmethyl)amino)ethoxy)-2-ﬂuoro-phenyl)-2-thiophéne
carboximidamide;
N-(4-(2-((phénylmethyl)(methyl)amino)ethyl)phenyl_)triﬂuoroacetimidamidc;
N-(4-(2-((ethyl)(phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4—(2-((propyl)(phenylmethyl)amino)ethyl)pheﬁy])-2-thiophenecarbo:dmidamide;'
N-(4-(2-((1, 1-dxmethylethyl)(phenylmethyl)ammo)ethyl)phenyl)-z-
thiophenecarboximidamide;
N-(4-(2-((3,4-dichlorophenylmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide;

- N-(4-(2+((3, S-blstnﬂuoromethylpheny]methyl)ammo)ethyl)phenyl)-z-

thiophenecarboximidamide;
N-(4-(3-(ethylamino)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(diethylamino)ethyl)phenyl)-Z-thiophenecarboximidamide;
N-(4-(2-((3-chlorophenylmethyl)amino)ethyl)phenyl)-benzenecarboximidamide;
N-(4-(2-((3-chlorophenylmethyl)amino)ethyl)phenyl)-3-chlorothiophene-2-
carboximidamide;
N-(4-(2-((4-methylphenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(4-(2-(piperonylamino)ethyl)phenyl)-2-thiophenecarboxdmidine;

or a pharmaceutically acceptable salt of any one thereof.

10. A pharmaceutical formulation including a cg;npound of formula I, as
defined in claim 1, or a pharmaceutically acceptable salt thereof, in admixture with
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11. A compound of formula I, as defined in claim 1, or a pharmaceutically
acceptable salt thereof, for use as a pharmaceutical.
12, Use of a compound of formula I, as defined in claim 1, without provisos (e)
to (h), or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for the treatment of neurodegenerative disorders or of migraine or for
the prevention and reversal of tolerance to opiates and diazepines or for the
treatment of drug addiction. .
13. A method of treatment of neurodegenerative disorders or of migraine or of
tolerance to opiates and diazepines or of drug addiction which comprises
administering a therapeutically effective amount of a compound of formula I, as
defined in claim 1, without provisos (e) to (h), or a pharmaceutically acceptable salt
thereof, to a person suffering from such a condmon
14. A process for the preparation of a compound of formula 1, as defined in
claim 1, or a pharmaceutically acceptable salt thereof, which comprises':
(a) preparing a compound of formula I, by reacting a corresponding compound
of formula II

NH '

BiN 3
L D

wherein D is as defined in claim 1 and L is a leaving group, ._
with a compound of formula IIT |

R1

wherein R! and R? are as defined in claim 1,
(b) preparing a compound of formula I, by reacting a cor’responding compound of
formula IV |

N
||| LY
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wherein D is as defined in claim 1,

with a compound of formula V

1

R
NH, . HA
u‘—@/ v

wherein R! and R? are as defined in claim 1 and HA is an acid,

(c) preparing a compound of formula I in which R? represents
-X(CH,),ZCONR’R', -X(CH,),NHCO(CH,)NR’R* or -X(CH,),NR’R* and at least
one of R® and R* represents alkyl C1 to 6, -(CH,),A, -(CH,),OA or
-CH(CH;)(CH,)A by reacting a corresponding compound of formula I in which one
or both of R* and R* represents hydrogen with a compound of formula VI,

RE-L OV

wherein R® represents alkyl C1 to 6, -(CH,),A, -(CH,),0OA or -CH(CH;)(CH,),A
and L is a leaving group,

(d) preparing a compound of formula I in which R? represents
-(CH,),NHC(NH)R® by reacting a corresponding compound of formula VII

R1
NYmI,_
qu(cuz)q‘®/ [ Vil

wherein D, R and q are as defined in claim 1,

with a compound of formula VIII

NH

)‘j\s \;lll

L R

-wherein R® is as defined in claim 1 and L is a leaving gropp,

(e) preparing a compound of formula I in which R? represents

(CH,)qNHC(NH)R‘ by reacting a corresponding compound of formula IX
ﬂ

:“I‘Q“. .
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Ho
n.u,n(cuz).m _ X

wherein D, R! and q are as defined in claim 1 and HA is an acid,
with a compound of formula X

wherein RS is as defined in claim 1,

® preparing a compound of formula I in which R? represents

'-X(CH,),ZCONR®R* by reacting a corresponding compound of formula XI,

NH,
. X1
LcoZ(cu,)“xm

wherein D, R}, X, n, Z and L are as defined in claim 1,
with a compound of formula XII,

RER*NH X1

wherein R® and R* are as defined in claim 1,
(g) preparing a compound of formula I in which R? represents .
-X(CH,),NHCO(CH,),NR°R", by reacting a compound of formula XIII

ni

| "Y""z |
“-zu(c"z,__x‘@/ ] . X111

wherein D, R}, X and n are as defined in claim 1,
with a compound of formula XIV -

RER*N(CH,) COL X1V
o

it 4

wherein R> R* and s are as defined in claim 1 and L is a leaving group,
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(h) preparing a compound of formula I in which R? represents

-X(CH,),NHCOR?, by reacting a compound of formula XIII with a compound of
formula XV |

R°COL XV

wherein R’ is as defined in claim 1 and L is a leaving group,

@) preparing a compound of formula I in which R? represents
-X(CH,),ZCONR’R* and Z represents NR” by reacting a corresponding compound
of formula I in which R? represents -X(CH,),ZCONR’R* and Z represents -NH
with a compound of formula XVI

R7-1L XVi

wherein R’ is as defined in claim 1 and L is a ]eavmg group,
® preparing a compound of formula I in which R? represents -X(CH,)pNR:’R‘
and p is not less than 2, by reduction of a compound of formula XVII

R!
, NH, :
. XV1l
RsRmco(cHz)p-uX“m :

wherein D, X, R}, R R* and p are as defined in claim 1,

(k) preparation of a compound of formula I wherein R? represents
-X(CH,),NR®R* and both R? and R* represent hydrogen, by reduction of a-
corresponding compound of formula XVIII '

Ri

NH,
no,(cu,),xm 'S ARN!

wherein R, D, p and X are as definedinclaim1, - ¥

() preparing a compound of formula I wherein R? represents
-X(CH,),ZCONR®R", Z represents O or NR’ and ;, represents. hydrogen by -
reacting a compound of formula XIX

. .1:._

&
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HZ(CHz)nx‘®/ T X1X

wherein R}, D, X and n are as defined in claim 1 and Z represents O or NR’,
with a compound of formula XX '

R*-N=C=0 XX

wherein R* is as defined in claim 1, |

(m) preparing a compound of formula I wherein R? represents
-X(CH,),NHCOR? and R’ represents -O(CH,),A by reacting a compound of
formula XXI

R1

| TR |
o-c-n-(cu,),x‘m | XX |

wherein RY, D, X and n are as defined in claim 1,
with a compound of formula XXII

A(CH,),0H XX11

wherein A and w are as defined in claim 1, _

(n) preparing a compound of formula I wherein R? représents
-X(CH,),ZCONR®R* and Z represents O or NR by reacting a compound of
formula XIX with a compound of formula XXIII

0

/U\'I XX 111
L R3p4

wherein R? and R* are as defined in claim 1,
(o) preparing a compound of formula I wherein R? repredents -X(CH,),NR°R®, R*
represents hydrogen and p represents an iht_eg_er 2 to 5, by reduction of a

compound of formula XXIV =

QA- .
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_NH,

wherein R, R%, D, X and p are as defined in claim 1,

(p)  preparing a compound of formula I wherein R? represents -X(CH,),NR’R",
one of R® and R* represents hydrogen, and the other represents -(CH,),A. in which
r represents an integer 2 to 6, by reduction of a compound of formula XXV

R‘

. . . . "2
A(cu,),_,cu-n-{cu,)'x_@"ﬁ/u XXv

wherein R}, A, D, r and p are as defined in claim 1,

(@ preparing a compound of formula I wherein R? represents -X(CH,),NR’R',
one of R? and R* represents hydrogen, and the other represents -(CH,),OA, by
reduction of a compound of formula XXVI

_ N,
Ao(cuz).-.-cﬂ-n-(cu,)'xm . XXV

wherein- R}, A, D, p and m are as defined in claim 1,

(r) preparing a compound of formula I wherein R represents -X(CH,),NR’R*,
one of R® and R* represents hydrogen, and the other represents -(CH.),A in which
I represents an integer 2 to 6, by reduction of a compound of formula XXVII

R1

. u'uz
‘(c"z)r-'“""(c"z),xm . XXV1l

wherein R}, A, D, p and r are as defined in claim 1, or
(s) preparing a compound of formula I wherein R? represents -X(CH,),NR’R’,
one of R? and R* represents hydrogen, and the other represents -(CH,),OA, by
reduction of a compound of formula XXVIII

=

/E
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_ *°(°"2’--i°°""(°“z),xm _ XXviltli

wherein R', A, D, p and m are as defined in claim 1,
S and where desired or necessary converting the resultant compound of formula I,
or another salt thereof, to a pharmacéutically acceptable salt thereof, or yice versa.
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