Am dne derivatives with nitric oxide synthetase acti \fiQt;T
invention relates to amdine derivatives, processes for their
conpositions containing themand their use in therapy.
ni trogen containing conpounds have been described.as neuroprdiect| ELAC_ED

~ Amidine derivatives useful in therapy

10

15

20

& Eﬁ'@ % 0937?-,2
ﬁ[’ﬁgss Yy

This invention relates to amidine derivatives, processes 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 (Merrell 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 halﬁcenogenic 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 ei"_'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 mtermedmte;,gn the preparation of useful
benzimidazole derivatives. Processes for preparation of other simple N-aryl and N-
heteroaryl amidines are described i in US Patent 3299081 (Merck) and i;_lponne
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According to a first aspect of the invention, we provide a compound of formula

R
RZ
D .

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,),NHCOR?® or -(CH,) NHC(NH)R®; ,

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

or -NR®R* together represent 1-indanyl, piperonylamino-, piperidinyl, mbrpholinyl,
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

wherein

£
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Phar maceutical Corp.) and UK Patent Application 2226562 (Boots
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symmetric bi sam di nes as anal gesics, in theg.reatnent of inflammtion and

in the treatnent of hypertension is described in UK Patent No.

1180629

(Del al ande) . optiénallyrubstitited dycotie oomore groupeselectd:fronPaRkyb €1 tH®, halugen,
preparation of am di nes qr &ESCI’I b he use of amidines as intermediates

wi t hout di scl S4tF ; use for these conpounds.

Simpl e

"t or modi a 65 5 1Pk eﬁéﬁeﬁ&% sERidy ob ', § HcERberbl bel HOPNEE st b
Processes for cpnamngtll tord hetevoatemssseiquited fiom O, Seawtl N, wid¢lethree \growps arenes
are descrifed | QioU P?l'ibs{ﬁutgé %yoo%]é &NI%E)%( )grguri% suec?éciﬂ'%m 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;

10 q and t independently 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;
15 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,),ZCONR’R* and neither X nor Z represent a

bond, then n represents an integer in the range 2 to 6 inclusive;

20 (c) 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
25 represents phenyl and R® represents phenyl, then q does not represent 0;
(®  when R? represents -(CH,),NHC(NH)R®, R! represents hydrogen, D and
-4

R® represent 2-chlorophenyl, then q does not represent 0;

(® when R? represents -(CH,),NHC(NH)RS, R' represents hydrogen, D and

R represent 3-pyridiny, then q does not represent @ and

30 (h) when R? represents -(CH,) NHC(NH)RS, R! represents hydrogen, D and

RS represent 4-pyridinyl, then q does not represent 0;
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-2- containing am dine derivatives are described as chem cal Lnternedi ates

I n Japanese Patent Application No.. 2229147 (Nissan) and in J amggﬁgsfﬁ’g‘ggéw
Application No. 58057357 (Daikin). -~ W have now found a npw gregxsp A@gb
am di ne derivatives that possesses useful _

-4-
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,
5 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
10 selected from alkyl C1 to 6, alkoxy C1 to 6, halogen or perfluoroalkyl C1 to 6.

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

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

We prefer most of all that D represents 2-thiophene.
20 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
25 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. =
30 '

&

When R? represents -X(CH,),NHCOR?®, we prefer that R® repre;gnf
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pharmaceutical activity. According to a first aspect of the invention,

we provide a compound of formula | [err] wherein D repreoe,ql% L@Eﬁnxgastg\
pyridinyl or a 5 menbered heterocyclic aromatic ring containit %p Lﬂcso

het eroat ons selected fromO S and N, which three groups are

-5-
(CHyA.

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.
10
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. .
15 |
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.

20 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®
25 represents pyridinyl, then we prefer that D does not have the same definition as R%.

x
N 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.
=
30 | o
#
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optionally substituted by one or nore groups selected fromalkyl Cl to 6,

al koxy C1 to 6, hal ogen and perfluoroal kyl Cl1L to 6; or perflu rﬂékhé‘ér
6; Rlerr] represents hydrogen, alkyl Cl to 6 or halogen; R erf| rewpes éékN

-X(CH2) [err] ZCOR[err] R err],

-X(CHerr])[err] NHCO(CH err])[err]NRlerr] Rl egr], -X(CJ—lZ)[err]NR[.err]R[err],

-X(CH[err])[err]NHCO?[err] or -(CI—|2)[err]NHC(NI—|)R[err]; Rlerr] and R err]

i ndependent |y r efWhereR? rbyttsaysnx Ere f Shdtqy fdpresenis an-infegey AN
P

or - CH(CH3) ( er éé or err represent

pi per onyl ani notg" fﬁl‘ dita; %‘?‘Hﬂyf PF &1 enesiplly 1 or 2.

1,2,3,4- tetrahydr0|squ|noI|nyI or piperazinyl optionally 4-substituted by
al kyI Cl to 6; Rerr] represents alkyl Clerr] to 6, perfluoroal kyl Cerr]

to 6, (Clr-Tlﬁ) A or Vi@HR? [represents m@m&msnﬁntgnw(c}mmcth%?%ﬁ%ggbgyl
5 r aro ICc . ring con
gtral th e(rzlrefr e%@’iﬁﬁﬁéﬂ SC""’&'P"Ie R &e & f{ g 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.
10
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.

15 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
20 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.

25
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. . ' =
30 |
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optionally substituted by one or nore groups selected from al - _
hal ogen, nitro, cyano and trifluoromethyl; Rlerr] represents 'r!')H'é E#ET Hi\s BEEN
pyridinyl or a 5 nmenbered heterocyclic aromatic ring containijng 1 RFGAGED

het eroat ons selected fromO0, S and N, which three groups are optionally
substituted by one or nore groups selected £fyomalkyl Cl to 6, al koxy Cl

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
5 of formula II

NH

/U\ | 1

L D

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

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

20
wherein D is' as defined above,
with a compound of formula V

NH, . HA
RL®/ v
25

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

A ()] 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

30 -CH(CH,)(CH,)A by reacting a corresponding compound of formula I in

: This Sheet Has Been R,
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to 6, hal ogen and perfluoroalklyl Cl1 to 6; or perfluoroal kyl ;
r i ndependently represent an integer in the range O to 6 i ndITHS PE.A(SQ%”%@@V
i ndependently represent an integer in the range 1 to 5 incl Usive; i

represents an integer in the range 2 to 5 inclusive; q and t independently
represent an integer in the range O to 5 i nec8usive; s represents an integer
in the range 1 to 3 inclusive; X represents O or a bond; Z represents O,
NR7 or a bond;whiklkeonk ordioth of R*sard/Rf cepresents diydyageaiwitly acomponnddaefformala
(a) when D contains a heteroatom it is not connected to the remainder
of the compounti*of formula | through the heteroatom (b) when Rl err]
represents -X(CH[err])[err]ZCCNR[erg]R[err] and neither X nor Z represent a
bond, then n represents an intege |n-dbe range 2 to\éi ncl usi ve;

5 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

' NH, |
10 HzN(CHz)q‘éjﬂT . it

wherein D, R! and q are as defined above,

with a compound of formula VIII
NH
15 )l\ Vil

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
20 R

W""z
nA.qu(cuz)q_éj [ le

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

with a compound of formula X

25 N :
I X .
. R 6
wherein R® is as defined above, -
30 () preparing a compound of formula I in which R? represents

-X(CH,),ZCONR’R* by reacting a corresponding compound of form;lg;?(l,
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(c) when Rlerr] represents -X(CH2)[err] NHCO(CH err])[err]NR[err] R4 or
-X(CH err])[err] NHCOR[err], and X represents 0, then n represgms—arm

integer in the range 2 to 6 inclusive; (d) when Rlerr] repf B§§§H§ETHASBEEN
-X(CH2)[err]NRlerr]Rlerr] and X represents 0, then p represenfs a5 hbeRr
in the range 2 to 5 inclusive; (e) when err] represents
-(CH2)[err]NHC(NH) R[err], R err] represents=#ydrogen and D and R[err] have
the sane definition and represent phenyl optionally substituted by al kyl Cl

to 4 or one or nore alkoxy C to 3 gdoups qr oq‘g or nore hal ogen atons; or
pyridinyl, then q does not represeni@/ _

LCOZ(CH,) X X1

wherein D, R}, X, n, Z and L are as defined above,
5 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
10 -X(CH,),NHCO(CH,),NRR", by reacting a compound of formula XIII

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

wherein D, R!, X and n are as defined above,
15 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 -

20 -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,
25 (i) 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 e
R7-L XV |
30 5
wherein R is as defined above and L is a leaving group, - ‘gif
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W prefer that D represents phenyl, pyridinyl or a 5 nmenbered heterocyclic

.

aromatic ring containing 1 to 4 heteroatons selected fromO, gglgr% A CT
three groups are optionally substituted by one or nore group$ I Egﬂs
al kyl Cl1 to 6, alkoxy Cl to 6, hal ogen or perfluoroalkyl ClL to 6 -

particularly prefer that D represents phenyl~,10-t hi ophene, furan, byrrol e or

10

15

20

30

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 X X

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 ‘

o
NY}IHZ #
o-c-u-(cnz)nx_éj/ D XXt
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t hi azol e, which five groups are optionally substituted by one-or nore
groups selected fromalkyl ClL to 6, alkoxy Cl1L to 6, hal ogenfor

perfluoroal kyl Cl to 6. W nore particularly prefer thHi!SSHERNASBERNS
t hi ophene, pyrrole, furan or thiazole which four groups arej optiBANEEP
substituted by alkyl Cl to 6 or halogen. -11- Ve especial | y"prefer Tham D

pref er nost of™

represents thi hen ﬂ{ﬁ]%‘}fi rrol e espeC| ally thiophene. - We
B a8 dsfipd

10
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20
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Wlth 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\ XX 110

L NRIR4

wherein R? and R* are as defined above,

(0)  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

wherein 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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We prefer that R err] represents hydrogen. When R err] represents
-X(CH2) . ZCONR[ err] R err], -X(CI—|2).NHCO(CH[err]),NR[err]R[errﬂ,,"éjgHEETH S BEEN
-X(CH err])[err]NRlerr]Rlerr], we prefer that -NRerr] R err{] repif S

pi peridinyl, norpholinyl, pyrrolidinyl, 1,2,3,4-tetrahydroiisoquinolinyl _or
or that at |east one of R3 and Rlerr] repregents -(CHerr]), A or
-(CH2)[err] OA. W particularly prefer that -NR[err]Rerr] represents 1,2

3, 4-tetrahydroi soqui nolinyl or 1-indanyl ar that one of Rlerr] and R err]
represents -(CH err])A and the ot her repr nt )ggen or nethyl. W
especially prefer thaj, of -&lsrkl,an represents - (Ckixarir] ), A and
the other represents hydr égéﬁ or mgt'Ha

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

5 (@ 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
10

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

15 R!

“\\,/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
20 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
25 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
30 aryl alcohols and tosyl groups; others are recited in Advanced Organic (_;‘,hemistry’,
—#
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When Rl err] represents -X(H2), NHCOR[ err], we prefer that R epr]l._represents

(CH2)[err]A THIS SHEET HAS BEEN
: REPLACED
13-
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
5 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-
10 dichlorobenzene is a particularly sujtable 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
15 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
20 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.

25 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

i

above for process (b).
30 | Ty
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When Rlerr] represents .-X(CI-|2)[,err]ZCO\IR[err]R[err], .
-X(CH err])[err]NHCO(CH err])[err]NR3R[ err], -X(CH err]) [ erjjd&geer]HRs gBEN
-X(CH err])[err]NHCOR[err], we prefer X to represent a bond. REPANCED

Rlerr] represents -X(CH2)[err] ZCONR[err] R err] and Z repr esients—NR-ef+4—we
prefer Rerr] to represent hydrogen. V\V}Tn Rlerr] represents _
-X(CHZ)[err]ZCO\IR[err]R[err] we prefer Zto epresent a bond. When

repr esent o phony P oee 0 (L 854 (B oy bEGRHormel SrREF ¢ paind balditions e

to 4 heteroat dnmm:einembed't foroconidensatividof\an whiiné ahda @irboxidic ackl 6Phh @dtivated
substituted by Ob n:gr
carboxyli ¢ ach 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
5 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.

10 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
15 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.

20 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

25 and carbon catalyst.

s 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-ﬁ' hours.

30
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groups selected fromalkyl C1 to 6, alkoxy Cl to 6 and halo \Vhen

Rlerr] represents -(CH2)[err] NHC(NH)R[err] we particul arly prafsesHeehaias seeN

Rlerr] represents phenyl or thiophene, which two groups are optlﬂmIAbgD

substituted by one or nore groups selected fromalkyl Cl to

Wien Rerr] represents -(CH2)[err] NHC(NH) R[-4b+], we prefer that q

represents O, 119r 2 artlcul arly prefer that g represents 0 or 2
rocew&

especial ly 0. may:be perfopmed amder conditions pnalogeys\iqcthasg dessribed

represents 0 g“é?? optionally substituted by
hal ogen, al ky?B &r%'b or a@ @sd&%k@gy6 or

In processes (0), (p) and (q), the reduction may be performed by treating the
5 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).

10 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

15 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
20 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 =

30 - Py XXX
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represents pyridinyl, then we prefer that D does not have the sane
definition as Rerr]. Wien R err] represents -(CH2)gN _

g represents 0, then we generally prefer than R6 does not éf\k@ﬁnﬁpfAéé%@eB%
definition as D. _

REPLACEMENT SHEET -16- ' - 6-
wherein D is as defined above, |
with an alkyliodide.

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

. R!
NO,
Rz—®/ _ XXX
10 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

15 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
20 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.

25 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 L.”

Compounds of formula VIII are either known orgnay be prepared by an
30 analogous process to that described above for preparation of compounds of formula
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Wien Rlerr] represents -X(CHerr])[err]NRlerr]R err] we prefer that p

represents an integer in the range 1 to 4 inclusive, partic IT@IHQ’HE]ETI-&SCHEEN
3, especially 1 or 2. When R err] represents RE lﬁCED
-X(CH2) [err] ZCONR[ err] Rl err], -X(CH[err])[err]NHCQCHZ)[err]NR[errT errl]

or -X(CI-l[err])[err]NHCOQ[err], we prefer n 4o represent 1, 2 or 3,
especially 2 or 3. Wien R err], Rerr] or Rerr] represent -(CH2)A we

prefer r to repr@éﬂpbuﬁﬂsbﬂf&ﬁﬁﬂaw WemmmmﬂmmandMare
particularly 0, 1 of 2, nore &Hrtlcularl 1 or 2, especially 1. When

Rlerr] or R eeither known ontmay bsipeepared &yroomentiena) metbodsrknown @er sgent 2, 3

or 4.

‘Compounds of formula XTIV and XV are either known or may readily be
5 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
10 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.
15
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

20 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

25 not cause racemisation.

. ’ s

. Intermediate compounds may also exist in enantiomeric forms and may be used
as purified enantiomers, diasiereomers, racemates or mixtures.

#

30 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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When R err] represents -Q(CHerr])[err] A we prefer wto represent 2, 3 or
: When Rlerr] or Rierr] represent -CHVe(CHerr])A,
represent 0, 1 or 2, especially 0 or 1. W prefer th tThwsseree‘anmN
phenyl, pyridinyl, pyrimdinyl, thiophenyl or furanyl, whijch fiREBLAHEBUpS
are optlonally substltuted by one or nore groups selected -
6 and hal ogen. W particularly prefer that -8tepresents phenyl Optionally

substi t ut ed one or nore groups selected fromalkyl ClL to 6 and hal ogen.
d are expectgd to %e useful in the treatment gr prophylaxis of human dx%eases 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
S 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,

10 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

15 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. |

20 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.

25 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
30 compound of formula I, without provisos (e) to (h), or a pharmaceutlcally
| &
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Wien D or R[err] represent perfluoroalkyl Cl to 6 we prefer that they

represent pentafluoroethyl or trifluoronethyl, especially ik ]
We prefer that Rl err] represents -X(CHZ)[err]NR[err]R[err].f)¢|§g’igép(’?§§gy%N
-(CH2) [ err] NHC(NH) R[ er r] Ve prefer that the orientation ol Hart] is

nmeta or para to the nitrogen atomof the amlgl_ne noi ety.

10
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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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According to the invention, we further provide a progess faor the
preparation of ccpounds of fornula I, and pharnceutical | y| pasgpeebHas 88N |
whi ch conprises: (a) preparing a conpound of fornul gePLACEY
reacting a correspondi ng conpound of fornul
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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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wherein D is as defined above and L is a | eaving group, w't ~conpound._of

formula 111 [err] wherein.Rerr] and Rlerr] are as defin MHBKSHEETHQ\Q)BEENt

preparing a conpound of formula I, by reacting a corresponding c8epacen of ;

formula IV N
-21-

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

5 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.

10 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)
15 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)
20 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
25 prepared by adding to the cell pellet a solution containing 50 mM Tris-HCI (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
 ug/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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wherein D is as defined above, with a conmpound of formula \& -1 l
wherein R err] and Rlerr] are as defined above and HA is an WEHEE(TG-)AS BEEN'
preparing a conpound of formula | in which Rlerr] representjs REPLACED ;

-X(CHerr])[e
or -X(CH2)[er
alkyl Cl1L to 6,

rr]ZCONR[err] Rl err], -X(CH2)[err]NHCQCI-I[err])‘f-E,-T-]—NRgRre-r-r—I._.-..;
rI NRBR[ err] and at | east one of Rlerr] and Rl err] represents

-(CH2) [err] A, (CH[err])[err‘jngA

IC:—IECH[ err])( %q&&ﬂ}&&}oﬁ% rﬁaﬁM P r&nEQ & eéﬁ?ﬁ?'&% ﬁ%ourégmgé) {sodlaru
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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.

b1
P

LT

This Sheet Has Been Re,i



whi ch one or both of R3 and R represents hydrogen with a c %%’%E?HASBEEN
formula J[err] wherein R err] represents alkyl ClL to 6, REPLACED
-(CHerr])[err]A -(CHerr])[err]OCA or -CH(CH err])(CH err])LA
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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
applied'to a 2°-5’-ADP Sepharose column (which binds nitric oxide synthetase) and

3
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and L is a | eaving group, (d) preparing a conpound of f ;
Rlerr] represents -(CHerr])[err] NHC(NH) Rl err] by reacti ng} s SHEESHS BEEN
conmpound of forrmula VI [err] wherein D, Rlerr] and q hre REPUAGEDhed

above, with a conpound of fornmula VIII ' -
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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 IC, 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 selecﬁve, 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

e
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[err] wherein Rlerr] is as defined above and L is a | eavi ng.g&oup—{ey
preparing a conpound of formula | in which R2 represents THISSHEETHASBEEN
-(CH err])[err] NHC(NH) R err] by reacting a correspondi ng conpoundREFLACER nul a

I X [err]

wherein D, Rerr], g and HA are as defined aboer—wtir—=

conpound of formula X -2§-
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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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27-
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 sulfate, filtered, concentrated and
chromatographed over silica gel (8% methanol/ methylene chlonde) ggwe 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.

S 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
10 (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-
15 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,
20 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.
25 (c) N-(2-phenvlethyl)-N-((4-aminophenyl)methy]trifluoroacetamide
To a stirred solution of the product of step (b) (1.60 g, 4.54 mmol) in THF/MeOH
J (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

30 homogeneous by TLC and used immediately in the next reaction..
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[err] wherein R7 is as defi ned%bove and L is a | eavi ng

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 ceﬁé, and concentrated to give N-
(2-(4-aminophenyl)ethyl)-N-((2-chlorophenyl)methyl)trifluoroacetamide which was

5

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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wherein D, X, Rerr], Rerr], Rerr] and p are as defined.
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homogeneous by TLC and used immediately in the next reaction.
(c) N-(4-(2-((3-fluorophenylmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide '

5 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

10 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)ammo)ethyl)phenyl)-z-thlophenecarbommldamde as a white
solid: (0.14 g, 8%); m.p.130-131 °C.

15

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

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

20 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 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

25 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-
mtrophenyl)ethyl)tnﬂuoroacetamlde as a colorless oil: (1.76 g, 84%); M.S.
(M+H)*= 367. #

30 (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 & 4 82 mmol) in methanol (10 ml)
was added S-methyl-2-thiophenethiocarboximide 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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preparing a conpound of formula | wherein Rlerr] repres ﬁt‘@s(iiEET HASSEENI
X(CH err])[err]NR3BRerr], one of Rerr] and R err] repr sent§W8F%gen :and
the other represents - (CHZ)[err]OA by reduction of a conpound of fornula
XXVI .

[err] wherein Rerr], AL D r and p are as defined abo§'a

-36-

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).
5 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). |
10 (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
15 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
20 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
25 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.
30 | -y
Example 11 | . ﬁf
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-12- [err]

preparing a conpound of formula | wherein R err] represe

-X(CH err])[err]NRlerr]R, one of Rlerr] and Rlerr] reprgbgnﬁésEMEBEEN

wherein R err], A D p and mare as defined above,. (r)

and the other represents -(CHerr]),Ain which r represdgnts_an_linteger to
6, by reduction of a conmpound of formula XX}Q.}_ [err]

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

10

15

20

30

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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wherein Rerr], AL D, p and r are as defined above, or (s) r
conpound of fornmula | wherein R2 represents - X( CHZ)[err]q §ﬂd§{i’¢-fArs]BEEN e
of Rlerr] and R err] represents hydrogen, and the other r re%‘e_ﬂ_ﬁcso

-(CHerr])[err]OA, by reduction of a conpound of formula XXVLLI e+
wherein Rerr], A D p and mare as.defined bove and where
desired or necessary converting the resultan? conpound of forrmula I, or

anot her sal t tBereafandiQui RRHBRFHe ©ehlihgIRARAIAEhSALY ot BfiSPhor Ph. The

vi ce versa.
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
5 (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)-
10 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

15 (d) -(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
®

20 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
25 dec

Example 13
' The followmg compounds were prepared followmg the method of Example 9:

30
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In process (a), the reaction will take place on stirring a m xture of the

reactants in

| sopropanol o
and the reflu
inter alia on
up to 48 hour
| eavi ng group
trifluorocarb
groups; ot her

10

15

20

30

a suitable solvent, for exanple a |ower al kan—e—g—etharotr
r-tertiary butanol, at a tenperature between rjgore SHEEDEASIREEN
x tenperature of the solvent. The reaction tirne w REPIAGSBNd

the sol vent and the nature of_gdje' | eavi ng gr gup—and—Tay bhE
s, however it will typically b€ from1l to 5 hours. Suitable
Sq: 1 SR esgsgiogc! ude thioal kyl, sul phonic acid,
ogr}b@gﬁ 0 T@Cé é@P&i, ha iodog'? al kyl and aryl al cohols and tosyl
s are recited in 'Advanced Organic Chem stry',

Example 14
The following compound was prepared following the method of Example 10:

N-(3-{((phenvimethvllamino}methvl)phenvl )-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 hydroiodide
‘with 3-(methylamino)phenylamine. '
N-(3-({amino)methyl)phenyl)-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. 132-134 °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, al_l’g’\;ed to cool. Resulting
precipitate was filtered to yield N-ethyl-2-(3-nitrophenyl)acetamide as a !ellow solid:

(2.2 g, 71%); m.p. 115-117 °C. | fr’
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J. March (1985) 3rd Edition, MG awH |l on page 315 and are well known in
the art. In process (b), the reaction is preferabl prcuun med Dé ’;

refluxing a mixture of the two conpounds for several hout®¥!I$ SHEETCH

of a suitable solvent whereby the reaction tenperature is hi g é’h%t?gh SO
that condensation takes place readily, but ogg. sufficientTy HGh To
deconpose the am dine forned. The reaction tenperature

(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

5 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

10 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
15 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

20 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
25 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 =

30 N-(3-(3-((Phenylethxl)amino)gropxl)ghenzl)-Z—thiop henecarboximiglamide dioxalate
(a)_3-(3-Phenylethylamino-propyl)phenylamine dihvdrochioride ) }»'
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can vary fromroomtenperature to about 250 [err]C, although-iti_is
preferable to performthe reaction at tenperatures from ab lé@ﬁEE[T@F}@Q;‘ENO
200 [err]C. We find that o- dichlorobenzene is a particularfy smsbatdsg
solvent and it is useful to add 4- di nethyl am nopyridine a

cooling, two layers form the solvent may b«;l decanted, and the react i on

wor ked up by addition of aqueous base. AIterr*atwer where the reactants

and the react I ey PREEd ftzf’@wﬁ’% it naGat RNA) SF Rample 17, WAL

an organi c or (dporganic acid, for i nstance hydrochl oric, hydrobronic,

hydr oi odi c, 2 SUCCInIC

fumari c, naI|ZL?u: : ! PRI ALIIITUGSANGE 5¢i d
In process (C)gjo ereactlon mnll take pIace under standard condltlons for
exanple by re the two materials in an inert sol vent under basic

condi tions Sat 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

10 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.

15 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).

20 (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

25 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-

30 thloghenecarboxnmldamlde dioxalate :
This was prepared following a method analogous to that of Exampl%ﬂ step (b).
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roomtenperature for a period of up to 12 hours. W have frequently found

it desirable to treat the amine with NaH before reacting
of formula Il. We prefer that L represents halide, partic IT§S ?FMS&EEN
Process (d) may be perfornmed under conditions anal ogous tq tho 5&9&5&. beg

above for process (a). Process (e) maypbe perforned ‘under-. condltlons
anal ogous to those descri bed above for process (b).

m.p. 175-8 °C (dec)

5 (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);
10 (c)_2,2.2-Trifluoro-N-(2-(3-aminophenyl)ethyl)-N-phenylacetamide |
This was prepared following a process analogous to that of Example 1, step (c).
(d) N-(3-(2-(Phenylamino)ethyl)phenyl)-2-thiophenecarboximidamide
dihvdrobromide _ |
This was prepared following a process analogous to that of Example 1, step (e).
15 m.p. 235-240 °C (dec).

Examgle 21

The following compounds were prepared following a process analogous to that of
Example 17: _
20 (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
25 dihydrobromide, m.p. 233-235 °C (dec)
(d).  N-(4-(2-(t-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide
dlhydrobromlde, m.p. 241-242 °C
EO) -
dihydrobromide, m.p. 238-240 °C

30 (f) N-(3-(2-(Methvlamino)ethyl)phenyl)-2-thiophenecarboximidamide
i dihydrobromide, m.p. 219-223 °C ‘g}
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-14- Processes (f), (g) and (h) may be perforned under _the standard——
conditions well known in the art for condensati on of an ajfHie sReer BAS BEEN
carboxylic acid or an activated carboxylic acid to form ah am REPLAGEE
exanpl e, reaction of conpounds to formthe ani de may be athieved—on
stirring the reactants for 12-24 hours at a tenperature between 0 C and 25
[err]Cin water or a mxture of water and a4Bess pol ar solvent, for exanple
di oxan, tetrahydrofuran or ethanol. W prefer to performthe reaction under
basi ¢ condi ti qey. e N-(3i(p-(LiPzopyle etiol sthioplienecarboximidamide

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

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

5 (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

(k) N-(3-(2-(Dimethylamino)ethyl)phenyl)-2-thiophenecarboximidamide
10 dxhydrobromlde, m.p. 232-233 °C (dec)

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

(m)
15 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-
20 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-chlorophenylmethyllamino)ethyl)phenyl)-

benzenecarboximidamide dihvdrochloride, 253-254°C

25 (r) N-(4-(2-((3-chlorophenylmethyl)amino)ethvl)phenyl)-3-chlorothiophene-2-

. carboximidamide dihvdrochloride, 257°C
(s) N-(4-(2-((4-methylphenvimethvl)amino)ethyl)phenyl)-2-thiophenecarboxamidine
dihvdrochloride, 218-219°C 2

(t) N-(4-(2-(piperonylamino)ethvl)phenyl)-2-thio henecarboxamidine

30 dihvdrochloride, m.p. 205-6 °C &
¢4
| #
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carbonate or sodi um bi carbonate. Process (i) may be Eer-f—efﬁed—un-de:—
st andard conditions anal ogous to those given above for prptH8SHEET)HAS BEEN | n

process (j),

inert solvent e.g. THF. Alternative although |ess preferr

the reduction may be perfoned by treatnent th CREBLACER: in

)
>

=)

may be suitable include Iithiumalum niumhydride and reagents for
catal ytic hydrogenation e.g. H2 on Pd/C. Fu er details of the reaction
~conditions for. use_ of these reactions 'may be obtained by reference to J.

March " Advanc

£c Chem stry" on page 1099, including the references

cited thereinqpe following compounds were prepared following a process analogous to that of

10

15

20

25

30

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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In process (k), the reduction reaction nay be perforned under a nunber of

conditions, for exanple those described in J March "Advanged—e-gant—c

Chem stry" on
of Zn, Sn or

pages 1103-1104. These include catal ytic hycln‘B@eﬂr&ETUﬁs BERN
Fe metal, AIH3-AJO [err], sulphides and othefs. VBERAEFRr to

performthe reaction by hydrogenation at atsdspheric pressurefor—3-6 hours
in the presence of a pall adl um and carbon catal yst. In process (1) and
d)-2+thi

(m, the reactedn mal¥-(4e(3pf€(3-Chiaraphenybimethyllaminiod

presence of a
the reflux te

10

15

20

n_iner. SOl vEna at! a tenpﬁ&aéﬁr;qbetv\een roomterrperture and
rﬁ%ﬂ%«xl pto 24 hours.

(f) N-(4-(3-({phenylmethyl-N-methyl)amino)propyl)phenyl)-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

30

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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and (q), the reduction nmay be perforned by treating the co

descri bed above for processes (f), (g) and (h). I n prpCeES A gédN
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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
N-(4-(3-((phenylamino)carbonyl)propvl)phenyl)-2-pyrrolecarboximidamide, m.p

195-196°C Py '

(8) N-(4-(3-((phenvlamino)carbonyl)propyl)phenyl)-2- %
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I n processes (r) and (s), the reaction may be perfornmed under conditions
anal ogous to those descri bed above for process (j).: TS 0 qﬂﬂgﬂds
of formula | may be forned by reacting the free acid, bas 'Qﬂsafé%ﬁgh
enanti omer, tautonmer or protected derivative thereof, wthl one Or nore
eqU|vaIents of the appropriate base or acid.,oThe reactlon may be carried
out in a solvent or nmediumin which the salt 'Ts insoluble or in a solvent
in which the sfﬂ*&ca%ﬁoﬁrﬂtdémlﬁe &9 vvi)é-p 9‘,@ oxan, ethanol, tetrahydrofuran or
di et hyl ether 81v n mhlch may be removed i n vacuo or
by freeze dryi(hy. THE-(443<(p ; A i be i It may be
carried out on_an_ion exchange resin

thiophenecarboximidamide, m.p. 141-144°C

(i) N=((3-((phenylamino)carbonvl)propyl)phenyl)-1-methylpyrrole-2-

S carboximidamide, m.p. 154-155°C
() N-=(4-(3-(1-(4-methylpiperazinyl)carbonyl)propyl)phenyl}-2-
thiophenecarboximidamide, m.p. 132-134 °C

10

hydroiodide
(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,
15 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
20 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-
25 (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
30 (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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It wll be apparent to a person skilled in the art that it .nﬁa-y-—b?-d'E'ST'r‘é'E@é@
to protect a hydroxy, ani i i Tpﬂ%ﬁé%sﬁg :

am ne or other reactive group using ._
group as descri bed in the standard text "Protecting groups {n Or'tfﬁ | |
Synt hesis", 2nd Edition (1991) by G eene and Wits. Am ne-prBteClI ng groups
whi ch may be menti oned i ncl ude al kyl oxycar bggy C2to 7, eg

1- butyloxycarbonyl phenylalkyloxycarbonyl to 13, eg benzyloxycarbonyl

OBt et 201 Y by CARRE0R S sobBRA SRS o 3 Bbhab B hACRUS,,
or may be pr e%ue@tebmykﬁlfwﬂoﬁ&b fgwieN-(EC(B Qrpyrotidylerbonisopih il ||

in which L represents thioalkyl may be prepared by treatnent o
cor r espondi ng thigphsnerarbeximidamidg hysdroiodide, mp 213-216 °C.

5 Example 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.
10 (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

- 15 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

20 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; -

25 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 hydrogehated 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-

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

was collected by filtration, 4.4 g. f‘}’?
Thﬁlslliiletli]iilmlp |
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wherein D is as defined above,
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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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with an al kyl i odi de. The conpounds of fornula H'I nmay

reduction of a correspondi ng compound of fornula XXX [ er r{[THIS SHERA&1AS BFEN
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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 ml 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.stirring_@_for 1
minute, the solvent was removed at reduced pressure and the remag’g:ﬁ residue
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The reduction reaction may be performed under anal ogous conditions to those
descri bed above for process (k). Certain conpounds of foffysanZePHed
ei ther known or may be prepared by conventional nethods known pefeppgeedt

conpounds of formula XXX nmay be prepared from known conpounds with sinpler
si de-chains by foll ow ng anal ogous processes to those descri bed above for
processes (c) to (s). Conmpounds of forqﬁla V may be prepared by

anal ogous processes to those described for the preparation of- conpounds of

formula I11. GoaPmiprdswith da@ém%&eﬁrﬁraxd l%ﬁthcﬁx'éﬁg‘iérﬁdcﬂl&ﬁé’gﬁs g@pﬁh

conpounds of formula Il by treatnment wth a ba oun aIII
may be conver teunbiped @me@tpamm wepshedrmathnetatess driied ovdranhgrhgammeatfamnﬁlm&d;:

a protic acid :la_rii% concentra%'y)éo yie 4% %hé Dv ic \L/zllssltee::gys?atiﬁze% from methylene
chloride/hexane to give 4-(2-(((trifluoromethyl)carbonyl)amino)ethyl)nitrobenzene
5 as a white solid: 1.92 g (80% yield); m.p. 103-104 °C.
(b) 4-(2-(((trifluoromethyl)carbonyl)amino)ethyl)aniline
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-
10 (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)
15 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
20 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
25 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.

30 (b) 4-(2-«(({methvl)carbonyDaming)ethyl)aniline }“
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Conpounds of formula VII, IX X, XiII, XVII, XVIII, XIX XX__XXLV. XXV

XXVI, XXVI1 and XXVI I | may be prepar ed by anal ogous processes s ebPRfs BEEN
described for the preparation of conpounds of fornmula I. RBQuWaes of
formula VIIl are either known or may be prepared by an anal

that described above for preparation of conggunds of formula Il.

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
5 (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
10 (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

15 (a) 4-(2-(((phenylmethvl)carbonyl)amino)ethvl)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.

20 (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
25 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
30 N-(4-(2-(({phenvlcarbonylaming 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 190 °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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Wher e necessary, hydroxy, am ne or other reactive groups [0 {5 Lﬁéﬁ\’
conpounds may be protected using a protecting group as destH (ﬁ’\a
standard text "Protecting groups in Organic Synthesis", 2hd E |on ;1991
by G eene and Wits. The conpounds of the |nvent|on and i ntermnedi at es
may be isolated fromtheir reaction m xtures4-by standard techni ques.

The term"alkyl ClL to 6" includes straight chain, branched, saturated,
unsaturated, BEvapbation ofitte splvbntcgaveksplidgrodpet do(4-aminahehyDbesfzenar bon

at ons.

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
5 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

10 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

15
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.

20 278-279 °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,
25 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 ~ #

30 (g) N-(4-(((Phenyliminocarbonyl)amino)phenyl)-3-thiophene _
carboximidamide dihydrochloride, m.p. 323-324 °C ﬁ:j
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The conpounds of formula | may exist in tautonmeric, enanti gLl or

di asterioneric forns, all of which are included within the H9BAe % j

i nvention. The various optical isomers may be isol ated by eparnapuﬂé PEEN

racem ¢ mxture of the conpounds using conventional techni

fractional crystallisation, or HPLC. Alternatd vely the individual
nggproprl ate optical I y active

enantiomers may be nade by reaction of the

starting rraterﬂﬁlﬁ_[?_ggg n@ﬁﬁﬁlhB&r;"‘"

racem sati on EOT al € COIp 3 s
forms and may inqnﬁ%eﬁ%s?(burlfled enantlorrers di ast ereoners, racemates or

m xt ures. 0 qu gleneral for mJI a | possess usef ul

thiophenecarboximidamine dihydrochloride m.p. 296-297 °C

5 G N-(4-(((2-chlorophenvl)iminocarbonyl)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-methviphenvliminocarbonyl)amino)phenyl)-2-
10 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

15

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-
20 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

25 () 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 :
-

30 Example 36 | e
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animals. In particular, they possess useful nitric oxide synthetase

i nhibiting activity, and are expected to be useful i3 dHer Has BEEN
treatment or prophylaxis of human di seases or conditions i mhlgﬂukben
synthesis or oversynthesis of nitric oxide forns a contrib

exanpl e, hypoxia,. e.g. in cases of cardiacsgLrest and stroke,
neurodegeneratlve di sorders |nclud|ng nerve degeneratlon and/ or nerve

necrosis in

10

15
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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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di sorders such as hypoxi a, hypoglycem a, epilepsy, and in elxl_al;_naJ._mu-nd-s——
(such as spinal cord and head injury), hyperbaric oxygen c VS SHEETSHABEEN

toxi.city, denmentia e.g. pre-senile dementia, Al zheinmer's diEeasensamBED

Al DS-rel ated denentia, Sydenhami s chorea, Parkinson's disea '

di sease, Anyotrophic Lateral Sclerosis, Kor of f's disease, inbecility -
relating to a cerebral vessel disorder, sleeplng di sorders, schi zophreni a,

depr essi on, ot her

synpt ons assom at ed vﬁﬁﬁgﬁ(ggﬂg rué’?ﬁ%mb?‘mﬁ@%ﬁ@gﬁ% @lgﬁyﬁgu septic
shock. Corrpourtbmpi'fenﬂcﬁrboxiumdlntahydibmdldne mppt6-2491@ show activity in the
prevention and reversal of tolerance to opiates and di azepi nes, treatnent
of drug addiction, relief of pain and treatnent of nigraine and ot her
vascul ar headaghfifple®e conpounds of the present invention may also show
useful immunosuppressive activity, be useful in the treatnent or

prophyl axi s of Therfollawing compound wae madeabyrarprooésscnalpgous ¢ thatsifi Eximple 37:

motility di songehds @fkhenPaiSores A Shvh AR 2-thio henecarbommldamlde,

m.p. 222-224°C

Example 38

10 N-(4-((bis(phenylmethvl)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

15 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

20 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

25 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 mil)
was added S-methyl-2-thiophenethiocarboximide hydroxodlde (the product of

30 Example 1, step (d)) (0.26 g, 0.93 mmol). The mixture was stirred. for 14 hr,
quenched with 2 N NaOH (2 ml) and extracted with ethyl acetate ( gj{ 30 mil).
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Conmpounds of fornula | are expected to be particularly useful in the
treatment of neurodegenerative disorders or of mgraine of— OF Le15AS BEEN
prevention and reversal of tolerance to opiates and diaze T"H%E’Hégh ¢ the
treatment of drug addiction and especially in the treatnepht of

neur odegener ati ve di sorders. Thus according to a further aspect of the
I nvention we provide a conpound of formula t38or a phar maceutical |y
acceptabl e salt, thereof, for use as a_pharmaceutical . ‘According_ to

anot her f eat ur BN FOMBINGd GRFAG, WelfeWashsd; with Mater, diegiovgr magnesium sulfate,

filtered, and concentrated to a solid which was recrystallized from ethyl

acetate/hexane to yield N-(4-((bis(phenylmethyl)amino)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-

10 189 °C.

dihvdrobromide
15 (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
20 water, dried dver 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
25 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 hzggochloride which was
homogeneous by TLC and used immediately in the next reaction.
30  (c) N-(3-(1.2.34
thiophenecarboximidamide . | ;g-}}
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conpound of forrmula I, without proviso (e), or a pharnaceutically
-19- acceptable salt thereof, in the manufacture of a nedi¢ a}msrmEEDHASﬁéEN
treatment of the aforenentioned di seases or conditions. REPLAQED

10

15

20

25

30

-59-
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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For the above

will, of course, vary with the conmpound enployed, the node rof ” EN
~admi nistration and the treatnent desired. However, in genendHIS %‘%&E@%ory
‘results are obtained when the conpounds are adninistered tq a hit a

mentioned therapeutic indications, the dosage administered _

*dai |y dosage of between 1 ng and 2000 ngy (n&@sured as the solTd form per
day. The conpounds of fornula I, and pharmaceutically acceptable salts

t hereof, may Hellowed byl g ef ﬂnbydrpusmdimclitmﬂfat@rmftuf stinping for Bﬁtmin:_tcﬂ ti';mlix
ti f I ni.eral adm nj stration. o ACCO 0

Phe tnvent | on. "4 eref dnd el ST hiroRee sfloPide bas i am,oil SHEAAR 0 B

preferably | essast fréated WitliB dnef BopropafbR il fufther hijdrogeR “hRiride gas, giving
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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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conmpound of forrmula I, or a pharnmaceutically acceptabl e salgt—ttrereof~—1T1_
adm)xt ure with a pharmaceutically acceptable diluent or car|Hi SHEET gé‘g’ﬁ%ye
is also provided a nmethod of treatnent of one of the af or erfent i GRES "

di seases or conditions which conprises adm nistering a therapeutically
effective anmount of a conpound of forrmula I, wthout proviso (e), or a

phar maceutical ly acceptable salt thereof, 81l person suffering fromsuch a

di | L I f dij | t d . o f
Canlots and ofaeidfs puperpaiht Bl Selived CtheCtolfi et Aok Bhrin3 uBhc.
tartaric aci d méthhAcl &L precipitated K4thaflems of didtRylethera Tie re8LRRE Yutnmy

glycerin, vegetable-oils; for suppositories: natural or hardened oils” or
waxes. precipitate was reacted with 1 mi] 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

5 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
10 N-(4-((((2-thiophenvl)iminomethvl)aminoYmethvl)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

15 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).

20 (b) N-(4-((((2-thiophenyl iminorﬁeth Namino)methyl)phenvl)-2-
thiophenecarboximidamide difumarate
To a stirred solution of 4-aminomethylaniline (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,

25 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)methyl)phenyl)-2-
thiophenecarboximidamide difumarate, m.p. 200-2%; °C

30

Example 43 ﬁ}.éé
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Conpositions in a formsuitable for oral, i.e. oesophageal adnjnistration
include: tablets, capsules and dragees; sustained rel ease CDHR8§|-|E§10HES EBEN |
i ncl ude those in which _ REPLACED

the active ingredient is bound to an ion exchange resin whigh is optlonally.
coat ed 62-

The following compounds were pfepared by a process analogous to that of Example
17: '

138-139 °C
5 (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

-10  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)
15 (g) N-(4-(2-(((4-pyridvlimethvDamino)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 | |

20

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

2.50g (0.0138 moles) of 3-nitrophenylacetic acid were refluxed in 25mils of thionyl

25 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
30 and NMR.

(b) N-(2-phenylethvl)-2-(3-nitrophenyl)ethylamine 5‘!
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with a diffusion barrier to nodify the rel ease properties of the resin.
The enzyne nitric oxide synthetase has a nunber of isoforns and conpounds-
of formula I, or pharmaceutically acceptable salts thereof ﬂﬂb@Hsgragﬂeﬂml
for nitric oxide synthetase inhibitory activity by procedure% basrePLAGED

t hose of Bredt and Snyder in Proc NatL Acad., Sci (1990) 87, '
Forstermann et. al. (1992) Eur. J. Pharm 225,161-165 as folloms Nitric

Can be Separ a2 SrHeR! ol ot b%‘%rd%w é@?‘oé?a%q“%& NSO, R ROMEED,
scintillation THFnWas\@ddedS¢T. ﬁm df IM)Boran&THEN mmbewayhédteﬂltbrreﬂuﬁtmds

synt het ase | nh| bi tora/ activi
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
5 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.

10 (c) N-(2-phenylethyl)-N-(2-(3-nitrophenvl)ethyl)trifluoroacetamide
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

15 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

20 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)ethyl)

trifluoroacetamide, 2.88g, as an oil.

25 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

30 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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Enzynme was isolated fromrat hippocanpus or cerebellum Theg um or

hi ppocanpus of a male Sprague-Dawl ey rat (250-275g) is renopeds sakdoNa$8eey |
CJ err] anaesthesia of the aninal and decapitation. Cerebel] ar REPLACED

hi ppocanpal supernatant is prepared by honpbgenisation in 50-mvwF+s—HC]
with 1 mM EDTA buffer (pH 7.2 at 25 [err]'C)_@pd centifugation for 15

m nutes at 20,000 g. Residual L-arginine is renoved fromthe supernatant by

h t h j .
col umms. suce eégigﬁf‘;@ﬁaaﬂ%%ﬁﬁé‘?%ﬁ@ ?%?%%#’a%@g%%*ﬁ%ﬁ‘i%%%%ﬁ?’
For th , ed wi fwatet, dri magnesium dulfatetan ted 2o tlesie
tlcj)[)es goﬁtSZ?%i i?g | - | Nni nedm a%;; conce tfg@i%gﬁ/gg.
[err] HL-argi r#ﬁ% 3@‘#@?‘1{1@ m-'ﬁﬂjﬁdﬁ'e é"‘r?(?t%?ﬂ?gtso op pf nSglids,,,
buffer (50 mVfbERESwith thY &iditen of ethjlaketatd 8hd ook werd Mec@e?d%gﬁfaﬁdg?fo

compound in_the buffer at 22 [err]C "To each test tube was ado pl

conpl ete ashsa@ivaule%meg ofoNr{@r (=phenylethybamino)ethy)pheael2f err], 1 nMv DTT,
100 pM NADPH, Qs i@h&lar et diffdrébfOmid® salt. m.p. 137-139 °C.

Example 45 _
The following compounds were prepared by following a method analogous to that
10 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
15 (c) (R)-N-(4-(2-((1-phenylethyl)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

20 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

25 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 ml 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

30 4-(((phenylmethoxy)carbonyl)aminomethyl)nitrobexizene, m.p. 92-93 °C. -

(b) 4-(((phenylmethoxy)carbonyl)aminomethyl)aniline 5}""
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initiate the reaction and the reactlon I s stopped after 12Mm_m.|.t_e&h
addition of 2 mMl of a termnation buffer (20 mM HEPES, 2 e SMERTHHAS BEEN

Labelled L-citrulline is separated from | abelled L-argini nel by REPLACED
chr omat ogr aphy over a Dovvex AG 50W X8 200-400 nmesh col um. \1 of—each
t erm nat ed; -21- reaction is
added to an individual 1 m colum and the e%ant conbi ned with that from

two 1 m dist 'ﬁg(ﬁr&@ﬁ& f‘@eﬂ]ﬁﬁ g.ﬁdgavgs@eapéd @ftﬁq(”nh% adetic aci aa'nld 10-6h1%1 Ef

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
5 Thexanes 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
10 hydroiodide (the product 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
15 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
20 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
25 N-(4-(2-((phenylmethyl)amino)etho henvl -2-thio enecarboximidamide
hydroiodide »

- (a) 4nitrophenoxy-N-(phenylmethylacetamide
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
30 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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citrulline is then quantified by scintillation counting. LY |sCeHEN |-
experinment using the cerebellar supernatant, basal activit ﬁ‘%s'sjgps‘(@_@sed b
20, 000 dpni i of sanple above a reagent bl ank whi ch has anL%g[WL———‘
7,000 dpminL A reference standard, N-nitro-L-arginine, whicCh gives 60%
inhibition of nitric oxide synt hetase at a concentration of 1 pM is tested
in the assay to verify the procedure. Scréén B (B) Screen for

macr ophage nitric oxide synthetase inhibitory activit Enzyne. is
prepared; af t dheietlyl aceinte 1ayes was idsieduvith sedium sylfase mphyég@etm solutigpewas

J7ran L (o0t 3 el i S PSSR BB g B Bl BRRRTO R i o
suppl enent ed whinutésOfel mid whs washiedewitle 1001mHKofddtiragéd sadiumecabonA8} theh 0 s
ml of 1 M HCl (aquéous). The ethyl acetate layer was then evaporated. The solid;

\

5 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

10 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

15 (c) 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

20 100ml 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

25 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-

30 ((phenylmethyl)amino)ethoxy)phenyl)-2-thiophenecarboximidamide hyd_rgiodide,
m.p. 193-195 °C. | £

-
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anphotericin B). Cells are routinely grown in 225 cnferr]. TMSISS!E%TOM%P‘FEW
35 mM nediumkept at 37 C and in a hunidified atnmosphere cbnt ai REPRECER
CJerr]. Nitric oxide synthetase is produced by cells response to
interferon-[err](IFN err]) and |ipopol ysaccharide (LPS). The nmedium from
confluent culture flasks is renpved and repgpaced with 25 m (per flask) of
fresh nmediumcontaining 1 pg/m LPS and 10 units/m IFNerr]. After a

period of 17-gQahpwrggin culture, harvesting of cells is acconplished by
scrapi ng the celT sheet fromthe flask surface into the culture medi um

(100 units/m penicillin G 100 pg/m streptonycin & 0.25 pg~H %

Cell s are col Neg{d nylg 0)eg . 33T DOXA gsat e
prepared by ag dEhe cel | peI let a soI uti on cont ai ni ng 50 mM Tri s- HCO
(pH 7.5 at 20—@3&'1‘-@—10%(\//\/) glycerol 0.1% (v/v) Triton-X-100, 0.1 pM
di t hi ot hrei to(a)ap heavlkhithb(cafb aﬁ,nhébi tors conprising | eupeptin

(2 pg/m), ﬁ' ean trypsin i1 nni |tor aprotinin (5 pg/nm) &
phenyl met h§| S prghsmyq:d solusionpf @wq;gwlqnpdlamme (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,

10 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 |

15 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,

20 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
25 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

30 reaction mixture was allowed to stir overnight and the organic phase \y}afseparated'
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For the assay, 25 pl substrate cocktail (50 mM Tris-HC (pH—* _
400 pM NADPH?/ 20 pM fl avin adeni ne dinucl eotide, 20 pM f| dviHip S::'EJA';EA% BQEN
nononucl eot i de, _
-22- ~~~~~ pM t et rahydrobi opterin, 12 pML-arginine and 0% pG
L-["Harginime) is added to wells of a -6 well filter plate (0.45pM pore
size) containing 25 pl of a solution of test corrpound in 50 mM Tris-HCL The
reaction is started by adding 50 pl of cell

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
5 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).

10 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). '
15 (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
20 was récrystallized from water, m.p. 234-5 °C.

Example 51

N-(3-{((phenylamino)carbonylamino )phenyl)-2-thiophenecarboximidamide oxalate
(a) N-phenyl-N’-(3-nitrophenyl) urea

25 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

30 (b). Slurring the isolated product in ether afforded a solid product, ﬁmj 199-202
°C. :
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|l ysate (prepared as above) and after incubation for 1 hour at room
tenperature is termnated by addition of 50 pl of an aqueou

: N
nitroargi nine and 21 mM EDTA. Labelled L-citrulline is seosansiﬂéﬁTf"f |
| abel I ed L-arginine using Dowex AG 50W 150 pl of a 25% aqueous Pﬂ’h‘??

Dowex 50W (Na form is added to the assay after which the whi tered

into 96 well plates. 70 pl of filtrate is sagpl ed and added to vveIIs of 96
wel | plates containing solid scintillant. At 1 ter aIIOW| ng the sanples to dry
theLC|truII|(fN, - i ecarbblinfidiMpiec !

experiment basi VI 'S mi1s rncreased to

y p
1900 dpmiin t loxalateigent control s. Ami noguani di ne, which gives an I C[ err]

t ed t an to veri
E ﬁg plr 22 Ieglu'; grﬁl s 8{,‘,%%85{,3‘ e8] reparegl(%oﬂowmlgsth%epsrogeduarg of Examp e’ , step (c). 'er

free base was converted to the oxalate salt in 1sopropanol, 208-210 °C.

Example 52
N-(3-(((4-phenoxylbutyl)amino)carbonyl)phenyl)-2-thiophenecarboximidamide
oxalate
(a) 3-nitro-N-(4-phenoxybutyl)benzamide
10 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
15 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
- 20 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 | |
25  N-(3-(((4-phenylbuty)amino)carbonvl)phenyl)-2-thiophenecarboximidamide oxalate

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

This compound was prepared followmg a process analogous to that of Example 49,
step (a). MS 299 (M+H). -4

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

30 This compound was prepared following a process analogous to that of;xample 52
step (b). MS 273 (M+H).
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Screen C (O Screen for endothelial nitric oxide synthet age_inhi-bi+ory ‘
activity Enzyme may be isolated from human unbilical vein}endaHEET HAS BEEN 4
cells (HUVECs) by a procedure based on that of Pollock et al |(19988PLREER . N
Nat. Acad. Sci, 88, 10480-10484. HUVECs were purchased from G-erettcs—Corp
(San Diego, CA, USA) and cultured to conflu _&cy Cells can be maintained to

passage 35-40 wi t hout si gnlflcant | oss of yrerd of nitric oxide synthetase.
Du becco s .phg

Wh [ S te
bufferod sal | ) Nty eSO P ROSRIA

honogeni sed i nogag@ecol d 50 n1VI Tris- HCI 1 mM EDTA 10% gl ycerol 1 mM
phenyl met hy!l sul phonyl f uor| de, 2 pMI eupept| nat pH 4.2 Follow ng
centrifugati onlglﬁ cOmpEynd was prepapyl fallowing the praceduere of Exdmplel 30; step (t)t he

noubati on on PRept i ellvelboRol SHERUIaRRE e it Sles Tt %5 P el B
The resul tifig touheraataesalt n W@ﬁhrﬂﬂ M30376 (VI HD), 4R 9. 118-120 °C.

Example 54

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

10 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.

15  (c) N-(4-((((benzyl)amino)carbonyl)methyl)phenyl)-2-thio henecarboximidamide

This compound was prepared following the procedure of Example 30, step (c), m.p.
157-161 °C.

20

(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

25 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
30 221 (M+H). Ty

s
el

(c) 4-(2-(1-pyrrolidinylethvhaniline 5‘!
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- 23- For the assay, 25 pl of the final supernatant is added—te _
12 test tubes containing 25 pl L-arginine solution (of conks ssaEETdﬂr“SﬁE
[err]HL-arginine, 64 nM[err]H L-arginine) and either 25 pl Of RERRAGER 4y
buffer (50 nM HEPES, 1 nmM EDTA. 2.5 nM CaCl{err], pH 7.4) & t est
conpound in the buffer at 22 [err]C. To each test tube was added 25 pl of
conpl ete assay buffer (50 mM HEPES, 1 nM EQ#A

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

5 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).

10

(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

15 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).

20 (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

30 247 (M+H). 3
(b) 4(2:(1-{(pyrolidinylcarbonylethyDaniline l
heet Has Been Replaced
| [ \lll 11



1.5 MM CaC[err] 1 mMMD T, 100 pM NADPH, 10 pg/m cal nodulin, 12 pM
tetrahydrobiopterin, pH 7.4) to initiate the reaction and the"Teac nA.ﬁEEN .
stopped after 10 mins by addition of 2 m of a termnation b W'%ﬁ:&égﬁg

HEPES, 2 mM EDTA, pH 5.5) Labelled L-citrulline is separated from

| abel | ed L-arginine by chronmatography over 3 Dowex AG 50W X8 "200-400 nesh
colum. 1 nl of each term nated reaction is gdded to an individual 1

m
vashes and 16 i SpeoliffNaRgftetired blipking' At drbfecrdof Exahipi; 34, Y8R Te). M

quantified by 210i(M+#H)ati on counti ng In a.typical experinent, basal
db (

activity is incre 5,000 dpminl of,_ sanp] e above a.reagent bl ank which

has an acti vi t§) &31pwslidinyl)propyNaniing dihydrochloride, 4 N-ni tro- L- ar gi ni ne,

whi ch gives 7 %R R Dt j Ll c rea i

of 1ot i3 1 outeqoRROpHY weS rebardl DGl the DALARNERE Manfpié 17, 6b'E). e
_ 5 dihydrochloride salt from ethanol, m.p. 262-5 °C.

10

(a) N-piperidinyl-(4-nitrophenyl)propenamide
This compound was prepared following the procedure of Example 55, step (a), m.p.
168-71 °C.
15 (b) 4-(2-(1-((piperidinvl)carbonvl)ethyDaniline
This compound was prepared following the procedure of Exafnple 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),
20 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-

30 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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Compounds may al so be tested in an ex-vivo assay to determ ne the extent_of
brain penetration. Screen D (D) Ex vivo assay for neureratr—TiTlri %b@
synt hetase inhibitory activity Mal e Sprague- Dawl ey rat T(“@ﬁ!“ﬁ 7 wer
dosed intravenously at 10ng/kg with test conpound dissol ved i nhE oY% sal i

or wiwth saline alone as control. At a predetmcmned time (typically 2-24
hours) after treatnent, the aninmals were sacrificed, the cerebell umrenoved

and the super MPhépéaction Anixtfte ang dloweded stir'fonil8rirc The feactipn mhixture avas
activity as describhed _in_Screen A As a further_confirnptory, test, a

fraction of tHeashedayth dilwtedydapchieoris acid-and:dibte sgdivm ydroxie, ffedcand theose
colum  (whi ch Qs wiis (coherfttdtd 15 Ve ¥ §8IE) TRftbration with ether gave the title

compound, m.p. 137-9 °C.
5 (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 (c), m.p.
10 300 °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

15 (M+H).

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

_ thiophenecarboximidamide free base
20 (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
25 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
.30 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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-24- subsequently eluted with NADPH. The eluant was tested for nitric oxide
synt hetase activity follow ng the procedure of Screen A.% §§ Hﬂggggm t

penetrate the rat brain and inhibit neuronal nitric oxid
resulted in reduced nitric oxide synthetase activity both_in_fhe
supernatant preparati-on and in the eluant fr#nthe 2'-5' -ADP Sepharose

col um. 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).

5 () 4&((((phenylmethyl)(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
10 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.

15 (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,

20 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

25 methanol (2 mi). 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

30 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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In the screens for nitric oxide synthetase inhibition activit
activity is expressed as |(ferr] (the concentration of dr
gi ves 50% enzyne inhibition in the assay). IC(ferr] values
conpounds were initially estimated fromthe inhibiting activj
and 100 pM sol utions of the conpounds. Conpggnds that inhi bited the enzyrre
by at | east 50% at 10 pMwere retested using nore appropriate

concent r ati ongoRds. [ Thé neit ddyl Gier filtrate wels Reatéd Rithi 0165!g of maleichciE' dRAed with
above (a screen for activity against the neuronal isolform of nitric oxide

synt het ase), etercandsirmes overmightp Theisalids dhatgwers collertetlevere nut the ddesiredin

10 pMi ndi cat SHgw t herape C. CtIVIt

I n Screens B ?di@‘(t’w @é&g&?%‘&ﬂ%}&l ! Wﬁ‘ﬁﬁt”%’t ‘%ﬁﬁ?‘!} \gatgﬁ.d
endot hel i al | aqhecuslapér was freatedsite 1SV bﬁhﬁﬁﬁ)cdrb@na&errﬁwaﬁm&eéwmétﬁ 11 .
gave IQergABval ues rmre than 10 tinmes that obtained in Screen A indi catl oq

that it shows agetats.afhe ethyl agetate was evaporated in vacuo, and the residue taken up in 2
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.

10

Example 61
N-(4-(2-({(2-FuranylYmethvl)ami o)e 1N phenyl)-2-thiophenecarboximidamide

pgt-aAss BAFY ¢h
ERUACED

dioxalate
(a) 4Nitrophenyl acetyl chloride .

15 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).

20 (b) 4-(2-({(2-Furanyl)methyl)amino)ethyD)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)

25 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

30 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 conpounds of Exanples 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 al r'n-gmr-e—l-eﬁ-e;-p]—
val ues of |ess than 10 pM Exanple 48 was tested in Screen| RIS SHEETaNAS BEEN
|C{err] value of less than 100 pM Exanple 72 was tested ij Scrié&AgEnd

gave 17% inhibition at 10 pM Thus these comgounds are al sGEXpected—to
show useful therapeutic activity. Conmpounds of fornula I, and

phar maceut i calfhe afaaRs #as Pelictitéd td Péﬂtﬁpin&%%d f6r 2hoars, aTRe Eﬂﬁss abidyarit €

| ess toxic, nore efficacious, nore selective, are |onger actin have a
broader range BFawas evapprated amdsr sagumaand fheoramaining STy was takencup in ar e

more easily aksatPefoo By Y Eafl BeLtatéS 00! mB HaHREHsRIftR 5095 SBAln' Fydroxide,
and extracted with ethyl acetate (3 X 125 ml). The organic layers were collected,
5 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-
10 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
15 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
20 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
25 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 |
30 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

et Has Been Replaced
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-25-1i than conpounds previously known and used in the therapeutic fields

nment i oned above. Conmpounds of fornula I, and pharmaceufically
acceptabl e salts thereof, may: THIS SHEET HAS BEEN
REPLACED
-77- -

10

15

20

30

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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al so have the advantage that they are nore selective for thg neuronal

i soformof nitric oxide synthetase enzynme and are thereforeé .expegteaab®EEN
show useful therapeutic activity with a reduced side- effect pr okeALACED
associated with inhibition of the other isoforns. The ii-aventi-eh—+s

Il lustrated by the foll ow ng exanples: Exanmple 1

N-(4-(2- ((phenvl net hvl ) am no) et hvl ) phenvl ) - 278 hi ophenecar boxi m dam de (a)
N-(2-(-4nitronhenvl)ethvl)trifluoroacetam de To a stirred sol ution of

4- nit r ophenet hgxamplecbhydr ochl oride (1.84 g, 9.10 mmol) and triethyl anine

(3.03 m_ 21. 7[9-[2“'((blgheny athi%QO)clarlSolnzyl) n?mofmet%ylipl’c\ienyl|—2-th1oghenecarboxamxdme

oxalate

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

5 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
10  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

15 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.

20 (c) '
N-[4-((((Diphenylamino)carbonyl)amino)methyl)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
25 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.
30 B 4

Example 66 B
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trifluoroacetic anhydride (1.51 nm, 10.66 mmol) dropw se._. fone Gt ttT I'I'ﬂ"
for 1 mnute, the solvent was renoved at reduced pressur Tﬁ[schEE‘EHAérPEF gng
resi due was mixed with water and extracted w th nethyl enq chl GEPLAEEDP3 X 240
m). The conbined extracts were washed with water, dried :
sulfate, filtered, and concentrated to yieldsg solid which was
recrystallized from nethyl ene chl ori de/ hexane to give

N- ( I2;i § 4-nitr OEN-! %{g%ﬂﬁb%ﬁéﬂﬂ Nt RIoARIR Rthie MBI MREhR)-2%hidbhete rbkantifife
ie . mp. - err]C.

KI—(Z-(4-ni Itoropﬂﬁl.:lmﬂl'_m.hvl)-I\I—(phenvl methvl )trifluoroacetanide To a stirred
solution of the.,p Gt ofhs SO a) (0.89 g, 3.40 mol) in THF (5 M) at O
[err] C was addgb @ﬁ%&-‘—@i—@—‘é% 4.42 mol) followed by benzyl brom deﬁh
0.50 m, 4. 10 Te®kdlutibhOf-NittobenAAdmitle! hyd?Eciibrid® P00t WAL m{w P
((:luenched w th water, ualnd ext rlact eg with et}{lyﬁc acgt age.(gES X 30 m %
conbi ned exPr a€26) md) wasadded) awatdlyticamountiof £0%opalladium rarséarbos.uThet mixture

b hea: ot o o5 R AISOPR B0 TGS dhicPla Hhrough o, 48 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-

10 (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,
15 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.
20 |
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-

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

- Example 68

N-(4-((((3-methylphenyl)iminomethyl)amino)ethyl)ghenvl)-Z-
thiophenecarboxamidine difumarate ' =
30 a) N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboxamidine

This Sheet Has Been Replaced :




ni t rophenyl ) et hyl)-N (phenyl net hyI Ytrifluoroacetanide as a col ourl ess oi I
(0.52 g, 44%: MS. (Mf)+= 353. (c)

N- (2- (4- am nophenvl ) et hvl) - N- (phenvl met hvl )trifl uoroacet a:}’&@s FHEET HAS BEEN
solution of the product of step (b) (0.52 g, 1.48 mmol) in THF/AFBEAFEL100
m, 1:1) was added a catal ytic amount of 10% Pd/C. The ni XtUre Was—

-80-

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
5 Thydroxide, 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

10 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

15 difumarate salt was made from methanol, isopropanol, and ethyl acetate to yield N-
(4-((((3-methy]phenyl)1mmomethyl)ammo)ethyl)phenyl)-Z-thlophenecarboxamldme
difumarate: m.p. 200-201 °C.

Example 69 _

20 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.

25

dihydrochloride

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

30 dimethylformamide (20 ml) was added potassium carbonate (10g) ?g!’z-
chloropyrimidine (1.6 We was heated to 100 °C for 24 hours,

This Sheet Has Bee,
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hydr ogenated at 50 psi for 1 hr, filtered through celite, and concentrated
to give N(2-(4-am nophenyl)ethyl)-N(phenvlnethyl)trifluor : =
was honpbgeneous by TLC and used inmediately in the next re H|s)eHEE(rd-)AgB .
S- et hvl - 2-t hi ophenet hi ocar boxi ni de hvdroi odi de A sol ution pf REPE.AC? :
2-t hi ophenecar boxt hi oam de (Maybridge Chem cal) (11.1 g) in-eBat—of—acetone
was treated with iodonethane (13.4g). After 6 hrs at 22 [err]C the B
resulting yellow solids were collected by f#8ltrati on. washed twce wi'th

25m of acetong and dried to_provide 18.45 g of .
S net hyl - 2- t hi SBedh s we@r&é&@m%)d@nmdﬁme avth ethyl agsatee dried (MeSQ,), (e)

S T e PR e T S BR BEr So
(0.48 g, 1.48 mudt from etlpdpcernss) doprépatiol waseladoag) of F%{dlrli_fﬁro”phen?'latr:tgyl\;\as

t hi ophenet hi ocar pox| ni de hydroi odi de (0.42 g, 1.48 mmp e 'mx
sti rlroed f or 4Rﬂr§mld!-r’-1¥$ﬂéammmrml¢radﬂa| (5 M) and 2 N NaOH (6 nml) and

heated to 78 [gy r|i-E4-aminoghenyl]-ethyllgyg'midi-z-!lamine

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

10 concentrated to yield 1.3g of [2-(4-aminophenyl)-ethyl]pyrimidi-2-ylamine.

dihydrochloride

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

15 (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.

20 191-192 °C.

Example 71

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

- treated with DMF (20 mi). 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 t6%tir. After an additional two
hours, the mixture was diluted with water to 200 ml and the solids filtered off. The

30 filtrate was acidified and the solids collected to give 3-t‘luoro-4-nitro%jﬁoxyacetic
acid, m.p. 90-92°C. . -

- This Sheet Has Been
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for 1 hr. The solvents were renpved at reduced pressure, and the residue
was dunped into water and extracted with ethyl acetate (3 X 30 nml). . The —
combi ned extracts were washed with water, dried over nagnesi.MF]sﬁgﬁﬁAggsF.N
filtered, and concentrated to give a solid which was recry$ nguedc(mt hyl
acet at e/ hexane) to yield
N- (4- (2- ((phenyl net hyl ) ami no) et hyl ) phenyl ) - 2- t hi ophenecar boxi ni dani de as a
white solid: (0.17 g, 34%; mp. 116-118 [e#82}C. Exanpl e 2
N-(4-(1-((phenvl net th )am no) met hvl phenvl 2-t hi oDhenecar boxi m dami de (a)
N-((4-nit r ophev INph -[IOnO4R ¢noxyacetamide r ed sol ution of

w474 ol YA ﬁﬁ@ﬂé%nﬂawﬁ S %Qo(%%% .o o iiohveld ' iy THIF (R0

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.
5 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-

10 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.

15 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

20 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

25 residue was recrystallised from a methanol and water mixgure (125 ml), giving

- N-(4-(2-((phenylmethyl)(methyl)amino)ethyl)phenyl)-trifluoroacetimidamide, as a

tan solid, m.p. 105-107 °C.
=
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-27- trifluoroacetic anhydride (3. 34 M, 23.7 mol) dropw se. After
stirring for 1 mnute, water was added and the | ayers separ 13‘9%(3 £ HAS BEEN

o ot ovcracts o MVRANRRIRNIANLTS: ey ol R 2

filtered, and concentrated to Yi e?d %a Solid which was recrystal lized from
met hyl ene chl ori de/ hexane to give N-((4- -83-

nitrophenyl )nmethyl)trifluoroacetanmide as a white solid: 3.9 g (73%yvyield);
mp. 97- Claims

1. A compound of formula I

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
10 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®;
15 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 optlonally 4-substituted by
alkyl C1 to 6;
20 R® represents alkyl Cl1 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,
25 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;
30 nandr independcntly represent an integer in the range 0 to 6 ihclhsivggf

¢ f

#
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98 [err]C. (b) N ((4- nltrophenvl)rrethvl) N- (phenvl net hv '

To a stirred soluthH—GLLhiQrMi\UNOT()VLStep(a) (1.0 gf THIS 8BEmMp B%n
(10 M) at O [err]C was added NaH (6 0.21 g, 5.24 |) fREPLADMR )')'
benzyl bronide (0.72 Mﬁmﬂwm he mixture was stirr .
tenperature for 12 h, ” ter, and extracted wth ethyl
acetate( 3 X 30 m). The Cortbi ﬁedsextracts e washed with water, dried
over magnesmm sulfate, filtered, concentra , and chronmat ogr aphed over

silica gel 620 et at.e/ hexane

ni t rophenyl) rreP/ﬁﬁl H?%;?ﬁ ﬁ r%?%epﬁ apglﬂg"?g&ﬁ&'&émea?smasé’b‘flweess oil:
(0.50 g, 40% ;mMepreseltsHin intexe? in (the rihiget2a61 imehigve} ) met hvl ) - N- (

phenvl met hvl ) ri f | uoroacet amde To a stirred solution of the product of step -

(b) (1.76 g, 538p mmdﬁpqwemrmmmlmmgerlm@e\mgQaea@é inclysives ytic
anmount of 10%§ .50 psi for 0.5 hr,
filtered througﬁéﬁe’fe%% concentragégg@gﬁw

5 Xrepresents 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
10 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;
15 (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)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
20 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;
25 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
Clto 6. |
30 3. A compound as claimed in claim 1 or claim 2, wherein D réprgééﬁts
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N((4-am nophenyl ) et hyl) - N- (phenyl methyl ) trifl uoroacet am de whi ch_was

honogeneous by TLC and-used immediately in the next reacti 5“# #(Hﬂé BEEN
(1- ((phenvl net hvl ) am no met hvﬁ henvl) 2-t hi ophenecar boxi m J PUAL

sol ution of the produ mm) Hﬂl ,m 60 g, 5.16 mol) in soprormnm (6
m ) was added S-net hy car boxi m de hvdr oi odi de (t he product
of Exanple 1, step (d)) (

.16 nmmol ). Jhe nixture was stirred for 24
hr at 40 [err]C, diluted W|th methanol (5 m$“and 2 N NaCH (15 nl) and

praseure, and. Chopleey furkn M pyie 0 TUC At er and extract ed wi th et hy
acetate ( 3 X &0 nl A cothpounthés clailned in any snefehepeéreding élﬂn!ﬁirhétendlﬂzed
i1 ca gel ( Eﬁ?smms“' R K CROMYRIR £ OF i e:s#rc%’(ﬁﬁ)" AT
. 5. A compound as claimed in any one of the preceding claims wherein R?
5 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,

10 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,

15 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:

20 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;

25 N-(4-(2-(((2-methylphenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;

. N-(4-(2-(methylamino)ethyl)phenyl)-2-thiophenecarbo:dm§lamide;

N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide;

N-((4-morpholinylmethyl)phenyl)-2-thiophenecarboxirhidamide;

N-(3-(((phenylmethyl)ammo)methyl)phenyl)-2-th10phenecarboxlm1damlde

30 N-(4-(2-(((2,6-d1chlorophenyl)methyl)ammo)ethyl)phenyl)-Z-thlopher; }
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- 28- whi ch was recrystallized (et hyI acet at e/ hexane) to vield N (4-(1-

(( phenyl nmet hvl ) am no) met hy p

ophenecar boxi m dam ¢ieqasHREMAAS BEEN

N- (2- phenvl ethvl)trifl ubro‘ac

solid: (60 ng, 4%; Exanpl e 3 REPLACED
N-(4-(1- ((phenet hvl )a % ) - 2-t hi ophenecar boxi -de—-ar—
carboximidamide;
N-(4-(2-(((2-bromophenyl)methyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide;

10

15

20

25

30

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; ¥
' &7



To a stirred solution of phenethylamne (4.91 g, 40.5 nmol ) rand -
triethyl am ne (6.50 m-%%@w ene chlori de (3{)“#15)5‘;,&_‘7@%23555%“
trifluoroacetic anhydride (6.3 , 44 ) dropwi se. Aftef stirring for 1
m nute. water was addedlmwj TN eparated. The aqueous |ayer was
further extracted with mm@uﬂ@ e (3 X40 nm) and the conbined
extracts were washed with vatér. »drse ver magnesiumsulfate, filtered and
concentrated to yield a solid which was rec8Y¥stallized from net hyl ene

chl ori del hexane to give N-(2- phenylethyl)trifluoroacetanide as a white

solid: 6.0 g B@Q%-((2-&ijmthmhpﬁn@ﬂhﬂ)ppsnyl])a-ﬂl@ophenecarbmdmidamide;

N- (2- phenvl et - NittoRhenyl lytrifl tamde T ti d

Sol ut | on of t RECHFBURI R RHpREBAL Y hiophont GARSRARES (To") ot 0

[err] C was admag;i(%g-(ﬁgj Pe@ﬂny@ro}koﬁﬁiﬂﬁlﬁlyi)eﬁ@l)bﬁ%ﬂﬂ)—hy 4-ni trobenzyl
mro

bromde (1.0 %n . ..The m Xture was stirred at roomtenperature for
1 hr, quenche#higphenecarboximidamidest r acted with ethyl acetate (3 X 30 nl).

The, conmbi nad RXC4-P(8.(1535 MR reidololthprof Bectos BRG] U Sul Tt e
carboximidamide;
N-(3-(2-(((2-Chlorophenyl)methyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide;
N-(3-(3-((Phenylmethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide;

10 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-

15 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;

20  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; |

25 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-((phenylmethylamino)carbonyl)ethyl)phenyl)-2-thiophenecarbo:d2;idamide;

30 N-(3-(2-((phenylamino)carbonyl)ethyl)phenyl)-z-thiophenecarbo:dmi%gg‘{de;
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concentrated. and chromatographed over silica gel (16% ethyl acet at el hexanrey—
to give N (2- phenyl»ei—hyl—)—-—N-—&ﬁA—m—t—ﬁophenyl ymethyl ) trifl uor paGssARETORASIBEEN

colorless oil: (1.60 980 = 353. (c¢) REPLACED
I\I—(2-phenv|ethy|)-|\|— Nh&jlmﬁthvl)trlfluoroacetamd 1o—a—sti+rred
solution of the prod 1.60 g, 4.54 mmol) in THF/ MeOH (100
m-, 1:1) was added a cat aI ytlc amount of 10%gPd/ C. The m xture was
hydrogenated at 50 psi for 0.75 hr, filtered through celite, and

concentrated tN-(4i(34(phen lammo bonyl)proﬂphen?l)-z- pyrrolecarboximidamide;

N ( 2- phenyl et. I) N— (4- am nop enyl yet hvl )t ri T fuoroacet am de whi ch was

hompgeneous b Rheayhfuroearbesimidamide;
N-(4-(1-((2- p*Nf@(-(?t(MMMﬁME%Bﬂyi)BPSﬁWﬁEe%&f)E-&HBF&EPar boxi m dam de
thiophenecarboximidamide;

5 N-((3-((phenylamino)carbonyl)propyl)phenyl)-1-methylpyrrole-2-carboximidamide;
N-(4-(3- (1-(4-methy1p1perazmy])carbonyl)propyl)phenyl)-2-th10phene
carboximidamide;
N-(4-(3-((1-pyrrolidyl)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(3-((4-morpholinyl)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide;

10 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-

15 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;

20 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

25 carboximidamide;

N-(4-(((Phenyl)iminocz_lrbonyi)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;
30 N-(4-(((2-chlorophenyl)inﬁnocarbonyl)amino)phenyl)-z-thiophenecarbo}fx;ﬁiidamide;
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-29- To a solution of the product of step (c) (1.47 g,4.54 rpet—+n N
| sopropanol (5 m) was added S-nethyl-2-thicphenethiocar boxwmﬂ&j%HEETHASBEE
hydr oi odi de (the product of Exanpre 1, step (d)) (1.30 g,4.54 rrmﬁﬁfmcf‘ﬂe

m xture was stirre [err]C, diluted with nethamot—(5 nl)
and 2 N NaCH (10 nﬂ“,mLHﬁmWMHMYO [err]C for | hr. The solvents were
renoved at reduced presswen an e resi due was dunped into water and
extracted with ethyl acetate ( 3 X 30 nm). e conbi ned extracts were

washed with water, dried over magnesium sulfate, filtered, concentrated and
gglr ot ogr aphqd.(m(e(fwrbkﬂdiﬁeﬂﬁbxn{xﬁ{i?&ﬁ‘o“ﬁﬁj’d&bﬂ&ﬁoﬂ)@ﬂﬁﬁ&ﬂa{é&%&nﬁdﬂwﬁ; a
_ N-(4~(((3-chloro-4—methylphenyl)lmmocarbonyl)ammo)pheny])-z-tluophene
carboximidamide;
N-(4-(((3,5-dlmethoxyphenyl)iminocarbonyl)amino)phenyl)-z-

5 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-

10 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;

15  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)carbonyl)oxy)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((bis(phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;

20 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; .

25 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;

30 N-(3—(2-((2-methylphenyhnethyl)amino)ethyl)phenyl)-Z-thiophenecaryﬁfinidamide;
LA _
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whi ch was recrystallized (ethyl acetate/hexane) toyield N-(4-(1-((2-
phenyl et hyl ) am no) ophenecar boxi m dam der\qa‘sas'_w@#tdgs BEEN

solid: (20 mg, 2% ; MS. nple 4 REPLACED

N- (4(2- ((2- chl or ophe mmm ﬁlﬂ!ﬂﬁﬁ th )phenvl) 2- t hi opherlecar hoxi ni-dari-e-
e (a) N(4-nit rophen hI orophenvl )net hvl ) trifl uoroacet am de
To a stirred solution of N-(2 (4-nitrophenyl)ethyl)trifluoroacetam de (the
product of Exanple 1 step (a)) (2.0 g, 7.63-9k0l) and a catal ytic anmount of

15-crown-5 in THF at gw;err]c was added NaH (60% O0.18 g, 4.42
mmol ) fol | owedNHg- ((bm&arubg )anhna)phdayl]-Z-thﬂ)pibnedarbdﬁMe, The

oxt ract ed i t ST QL BRAIIEERE St Set bpbent 2 PR REratbrmiiegidgs e
with water, drNq@-QvE(2-tHeRa)hetiyDamims)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-((2-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;

5 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

10 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;

15 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-ﬂﬁophenecarboﬁinidamide;

20 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-

25 thiophenecarboximidamide; .

. N-(4-(2-(((2-furanyl)methyl)amino)ethyl)phenyl)-Z-thiophénecarbo:dmidamide;
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;

30 N-(4-(((2-thlenyl)carbonyl)ammo)phenyl)-Z-ﬂuophenecarboxlmldamldgg
G G
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filtered; concentrated, and chronat ographed over silica gel_(18%
et hyl acet at e/ hexane);: 2- (4-nitrophenyl)ethyl)-N {{,2'5 SHEET HAS BEEN
chl or ophenyl ) et hyl )tr ’!/’l}oroacet amdeas a colourless oili (2. %Lgcsﬂ8%

MS. (MrH)*= 353. (b) ” L
N (2- (4-am nophenvl ) et ﬂ”’l’u” ophenvl ymethvl)trifluoroacetam de To

a stirred solution ofthe product &f s ep (a991¢2.31 g, 5.96 mml) in
THF/ MeOH (100 ni, 1:1) was added a catal ytic amount of 10% Pd/ C. The

m xture was hN-l{%«QBipdtd:mlanﬁﬁo)mrbdrql)aﬂnﬂw)méthylbphe}@l]t-mﬂﬁughenbehtmﬁamﬁide

concentrated t

(2- (4- ani n_ophéﬁﬁ')(@%%WPRF?XIM‘B?WHWQ)M)BW“)T%oroacet am de whi ch
was honbgeneoypidphenédarbihntiagfe; | medi ately in the next reaction.

. N-(4-((((2-thiophenyl)iminomethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;

5  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

10 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-

15 thiophenecarboximidamide;
N-(4-(2-((3,4-dichlorophenylmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide; )
| N-(4-(2-((3,5-bistrifluoromethylphenylmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide;

20 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;

25 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

30 a pharmaceutically acceptable diluent or carrier. Ly
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(c). N-(4-(2-((2-chl or ophenvi-rethvl)am na) et hvl ) phenvl) - 2-

t hi ophenecar boxi mi dani d§ giﬁﬂuso' ut4 on of the product of st qu@@HEéﬁHAsgsﬁEN

5.96 mmol) in isopropan Hrmu ﬂ ded \ REPLACED
S- et hyl - 2-t hi ophenet hi oi odi de (the producti. xarpte—i;

step (d)) (1.7 g, 5.96 nmol). The ni'xtGre was stirred for 24 hr, diluted
with methanol (10 m) and 2 N NaOH (6 m) angh heated to 70 [err]C for 1 hr.
The sol vents were renoved at reduced pressure, and the residue was dunped

into water andjgextr aﬁ%ﬁwﬁ.h it 1orinuff Bl defined iX cBfim™,)or 4 PRakhadautieslly
extracts were washed
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
5 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
10 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':
15 (a) preparing a compound of formula I, by reacting a corresponding compound
of formula II

NH |

A I

L~ D

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

R1

25 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

30 &
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with water, dried O'Vemg;w%;e, filtered, concentrated.and :
chr omat ographed overm”{ca gel t hanol / net hyl ene chl i)fmgfs)-ast'pHgsBEEm

solid which was recr ”z’"l MI ene chI ori de/ hexane) to yi RerACED
N(4-(2-((2- i

chl or ophenyl net hyl’) am no) et hyf') phenyl ) - 2-t higphenecar boxi m dam de as a
white solid: (0.21 g, 10%;: mp. 81-82 [err] Exanple 5

N-(4-(2- ((3-fl YRERSA B! égeaéﬁﬂehqmdm)nei hyl )phenyl ) - 2-t hi ophenecar boxi m dam
de (a)

N ((3-fl uorophwﬂhla)emnpwr)dbftcﬁ'n(m?ﬂtrophenvl Yethvl)trifl uoroacetam de To
a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetam' de (the
product of Exanple 1 step (a)) (1.5Rg, 5. 7§"rrrgﬁl and a catal ytic amount of
15-crown-5 in THF (10 m) at O [err]@\Wag”adled NaH (60% 0.25 g, 6.34
mol ) foll owed by 3- fluorobeenzyR*gtenifle (1.40 ni, M1.45 nmol ). The

m xture was3stirred at room : :

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

10 -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
15 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

. R’
Na_ANH,
uzu(cuz)r®/Y | : Vil
20 b

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

with a compound of formula VIII

NH ’
)]\ . Vil
25 L R
.wherein R® is as defined in claim 1 and L is a leaving groyp,
- (e) preparing a compound of formuia I in which R? fepresents
(CH,)qNHC(NH)R‘ by reacting a corresponding compound of formula IX
ﬂ
30
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tenperature for 4 hr, quenched with water, and extracted w th_ethyl
acetate( 3 X 30 m). The conbi ned extracts were washed w t h}waiseSHEETIHASBEEN
over nmagnesi um surfat e Ti ttered;——Toncentrat ed, and chronatcgraphﬂd.AGﬁEr

silica gel (18%eth e) to give
N-((3-fl uorophenyl EITEJ, nitrophe®H )ethyl )trifl uoroacet am de as
a colourless oil: (MtH) += 371. (b)

N-(2-(4-am nophenvl )et th ) N-((3 fl uoroyhenvl
stirred solution of the product of step
(100 mM, 1:1) was added a cat #d yiyN¢cHg
hydr ogenated at 50 psi for 1 hr, filtere
to give N

met hvltrifl uoroacetam de To a
82 4.40 ol ) in THF/ MeOH
% Pd/ C. The! ¥i xture was
rough celite, and concentrated

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

N
il X

RG

10 wherein R® 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,
| LcoZ(cu,),,xm X1
15

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

RER*NH X1

20 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
25

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

with a compound of formula XIV -

RER*N(CH,) COL X1V
o

o

30 wherein R? R* and s are as defined in claim 1 and L is a leaving group,
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(2-(4-am nophenyl ) et hymyl )methyl )trifluoro ' which

was honogeneous by TLC ﬂm |atel y in the next react|iTé#s SHEET HAS BEEN
N-(4-(2-((3-fluorophenv m q vI ) phenvl ) - 2- REPLACED
1S

t hi ophenecar boxi m dam de*To¢ a f th9e product of step (Ot —5>o
4.40 mmol) in nmethanol (10 m) was added

- -2-thi b d duct of Ex le 1,
step (4) (1 ") orboRRe A comnoud S ke 3 Which R Setesents | Lt eq
wi th met hanol cé(cm)md:dawa;@hbﬁxﬁg mcbmywnh%”fttsﬁnhm XA Wi & Coldpouhd BF

The sol vents
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

10 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‘
15 and p is not less than 2, by reduction of a compound of formula XVII

R1
. NH, :
. Xvil
RSR‘HCO(cﬂz)P_'x‘m |

20 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 '

R1
_ NH,
% NO,(cH,),xm Xviil
. wherein R, D, p and X are as defined in claim 1, - *
() preparing a compound of formula I wherein R? represents

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

e
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were renoved at reduced pressure, and the residue was dunped into water and .

extracted with ethyl acetate { 3 X 30 nl). The conbi ned extraft ot

washed with water iumsulfate, filtered, anfl co E}’\géjgﬁen
to give a solid Whl,m"'ﬂm’m, mﬂmrl zed (-rm&&yl ene chloride/ hexane) ta
yield NN(4-(2-(((3-*

fl uor ophenyl ) net hyl ) am no) et hyI )phe I ) 2 t hi ophenecar boxi m dam de as a

white solid: (0.14 g, 8%; mp130 ]C Exanpl e 6
N-(4-(2-(((2- n'ethvlphenvl)rrethvl phenvl) 2-  X1IX
t hi ophenecar boxi m dam de (

N- (( 2- net hvl phenvl ) nmet hvl ) N-(2 (4 ni rophenvl )ethvl)trifl uoroacetam de To

i o IR e BN o

15-crown-5 $n 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

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

R1

| NH, |
o-c-n-(cu,),x‘m | XX 1

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

A(CH,),OH XX 11

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

20 (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 XX111
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 mteger 2 to 5, by reduction of a
compound of formula XXIV =
30 ‘
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THF (10 M)atOW H (60% 0.25 g, 6.34 mmol) fol | owed by
2- met hyl benzvl brom de 5 mol ). The ni xture wag—stirred—at

roomtenperature fon “\\\ ched with water, and extractejTH(BSHEHMBEEN
acetate( 3 X 30 rr1) cCcofbi ned extracts e washed with wat er REPHACER]

over magnesi um sulfate filtered, concentral®d, and chronat ograpted—over
silica gel (18% ethyl acetate/ hexane) to, gi ve

N ( (2- met hyl phenyl ) et hyl ) - N-(2 (4- ni &% | ) edgnyl ) trifluoroacetam de as
a colorless oil: (1.76 g,,84%; ( R 367. XXV _
(b) N- ( 2- (4- anmi nophenvl )el‘h\)‘l FM\F'{:()R- henyy ) net hvl ) -trifl uor oacet ani de
wherein R, R%, D, X and p are as defined in claim 1,
5 (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‘

: : A Hy
A(cu,),_,cu-n-{cu,)'x_@"ﬁ/u XXv
10 , :

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

15 R'

_ 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*,
20 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

1

_ NH,
A(cuz),_,conu(cﬂz)'xm - XXV

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

&
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To a stirred solution of the product of step (a) (1.76 g, 4.82 mol) in
THF/ MeOH (10G ni . Wal ytic .anount of 10% P@T‘C“‘ic
m xture was hydrogenat ed at 50 psi for 1 hr, filtered through’ ’é'@lﬁ*‘teéTH&ﬁ@EEN

?(Z)m(:zeln;;natr\gghtegygl)'\ét Jmuumﬂwﬂm Hm phenyl thyl)-trifluor oacet ani de

whi ch was honbgeneous by TEC Binds used i medrately in the next reaction. (c)
N-(4-(2-(((2-nethvl phenvl) net hvl ) am. no) e,t hvl )phenvl ) - 2-
t hi ophenecar boxi m dam de To a sol ution u;t of step (b) (1.62 g,

4.82 rrrml) I n et hanol m XXvill
S- et hyl - 2-t hi ophenet ﬁ?{) Pm&?'\fﬂﬁfé E&’

Ql.edi deo(t he product of
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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“Exanple 1, step (d)) (1.37 g, 4.82 nmmol ). The nixture was stirred for 2 hr,
diluted with 2 N NaCH (8 nl) and heated to 70 [err]C for 1 hr. The solvents
were renoved atABSTRAT pressure, and the residue was dunp d
extracted with ethyl ace I acet ate ( 3 X 30 rr1) The conbi ned ex} THE SHEETHAS BEEN
washed with watémidine dgevatives usefyhintherapy | fate, filtered,| and REBHAGER r at el
to give a soli deesF alllzed(rrethylene Ch|0l’| T
yield I\l-(4(2(%%gb&lﬁ1 fofifihin’t

met hyl phenyl ) net hyl-) am no) et hylp
white solid: (0.46 g, 28%; mp.
N-(4-(2- (et hvl am no)ethvl)phgn
N met hv] - N- (-2- (4- ni t r ophenvi B &
of N-(2-(4- nltrophenyl)ethyl)trl

henyl ) - 2-t hi ophenecar boxi m dam de as a

broacet &ni de (the product of’

wherein

D represents phenyl, pyridinyl or a 5 meﬁabered 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 a group -X(CH;),,ZCONR’R‘ -X(CH,),NHCO(CH,),NR*R*,
-X(CH,),NR’R’, -X(CH,),NHCOR‘ or -(CH,) NHC(NH)R%

and X, Z, R% RY, R’, R’, n, 5, p and q are defined in the specification are described,

together with processes for their preparation and compositidns containing them.
Compounds of formula I are useful in therapy.
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[r LH, Example 7
hi o enecar boxi m dam de |(a)
fluo oacetam de To a stirred sol ution
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Exanple 1 step (a)) (1.5 g, 5.75 mvol) and a catal ytic amuwﬁ%ﬁ@_
in THE (10.m) at O [err]C was added NaH (60% . 0.25 g, 6.3g I&ﬁéﬂj—,—lm
by met hyliodide (0.71 .ni, 11. 45 mrol ) .- The m xture was stirj eg—at—+c0m
tenperature for 4 hr, quenched with water, and extracted w{ yJCNgqgg-pte
(-3 X30 nm). The co'm)i ned extracts were WMashed with water, r|e

magnesi um sul fate, filtered, and concentrated to yield

N- et hyl - N- (2- (4- ni t rophenyl ) et FB/lztrfI uor oacet anm de a col OQ:GK'S 99208
g, 88%; MS. (MH = 2 ERIVATIVES WI NITRIC OXID
\- et hvi - N-(2- (4- ami nophenvl ) et hyeralaio pRaaaFnde THIS SHEET HAS BEEN

This invention relates to amidine derivatives, processes for their preparation,

compositions containing them and their use in therapy.

Certain nitrogen containing compounds have been described 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 treatihent 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 synthetaée in the treament of disease has
also been described, for example, in International Patent Applications WO 94/12163
(Abbott) and WO 94/12165 (Welicome) (both published after the earliest priority
date of this application) and European Patent Application 446699 (Merrell Dow).

Amidine derivatives have been described for use as herbicides in German Patent
Application DE-0S-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 halliconogenic 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 hypertens'ion is
described in UK Patent No. 1180629 (Delalande). ,

A number of patent documents describe processes for the preparation of
amidines or describe 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 intermediates in the preparation of useful
benzimidazole derivatives. Processes for preparation of other simple N-aryl and N- -
heteroaryl amidines are described in US Patent 3299081 (Merck) and fluorine
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-33- -To a stirred solution of the produc ,(@ﬁgg(\;l ACER gﬁT@m@Eﬂ
in THE/ MeOH (100 m, 1:1) was added a cat aﬁ”ﬁﬁaépﬁm % -1

/ LN e

m xture was hydrogenated at 50 psi for 1 pr, f|1 prnd f,.."u @e é\lﬁ’ 5
concentrated to give N methyl-N-(2-(4-am nophenyl)ethyl)tjr}f rJ e%am jé
whi ch was honpgeneous by TLC and used i diately in the ne reaction ﬁ
N- (4- (2- (et hvl am no) et hvl ) phenvl ) - 2-thi ophenecar boxi m danj de To a sol ut | 0

of the pr Omm%gs,fxﬁaxﬂéoaeﬁaatﬁes dre ées%ﬁ‘bﬁﬁ%)chbfh e%tmﬁﬁhdial& il Jap naése

added S-net hvl hi ophenet hi ocar boxi m d dr oi o t he product o
Exanpl e 1, Ratenmt App)lca(txpmHOgm47r(hhss )mlmﬂapaneae\lmemt pplicatibpo N@ hr |

diluted w é#og.’%.;\?&—lﬂén% m ) and heated to 70 [err]C for 1 hr. The sol vent.s

were renov

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

R |
N NH,
R 2—®/ Y !
D :

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 Clto 6;

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

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

-X(CHz)!,,NR3R4 -X(CH,),NHCOR® or -(CH,),NHC(NH)R®

R? and R* independently represent hydrogen, alkyl C1 to 6, (CH,),A, -(CHp),0A
or -CH(CH,)(CH,)A;

or -NR®R* together represent 1-indanyl, piperonylamino-, piperidinyl, morpholinyl,
pyrrolidinyl, 1,2,3, 4-tetrahydr01soqumolmyl or plperazmyl optionally 4-substituted by
alkyl C1 to 6; :

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

-O(CH,),A;
‘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

wherein

This Sheet Has Been RT

RO 0




. ’ - e ey
]

at reduced pressure, and the residue was d wpeu lnt %égaéfg MEPLACEMESKT &t
WEr €

with-ethyl acetate ( 3 X 30 m). The conbi

water, dried over magnesiumsulfate, filter d concent Ried &q}hj‘i\\fl&g_é
solid which was recrystalllzed (met hyl ene cﬁTbrlde/hexane) yield 5
I\I‘ ( 4 (2 ((2_ . | SRR

nmet hyl phenyl net hyl ) am no) et hyl ) phenyl ) - 23t hi ophenecar boxi m dan.de -as--a ="

white sol 'Spné&llﬁ?sugstltﬁié’é bhé or (iérd groupd SelecteEtrom| 4iky C1 to? halogen,

N- (4(2-am noet hvl) phenvl th| ophenecar boxi m dam de (a)” N-(2
am nophenvni)m, eyana and gramethyl de To a stirred solution of

5T ) B Ao e b LB G, o1

anount of d&%ﬂﬂﬁgcl td eheterdations velecteddreacDAS amdaN, &chn&hréd)gmhpb fare
optionally substituted by one or more groups selected from alkyl C1 to 6, atkoxy C1
to 6, halogen and perfluoroalkyl C1 to 6; or perfluoroalkyl C1 to 6;
n and r independently represent 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;
q and t independently 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,),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;
(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)R®, R’ represents hydrogen, D
represents phenyl and R® represents phenyl, then q does not represent 0;
® when R? represents -(CH,) NHC(NH)RS, 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; '
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filtered through celite, and concentrated to—gve—N~2~4Tpcpi ACEMENT ! SEET -
am nophenyl)ethyl)trifl uoropacetam de whi ch|dS HERDYAAEE 'ﬁﬁﬂ"'ﬁsed

imediately in the next reaction. (c) REFLACED AN a7
N- (4- (2- am noet hvl ) phenvl ) - 2- t hi ophenecar boxmtamt ol UB[IOI’I of thé ';
product of step (a) (0.88 g.3.81 mmol) ingmethanol (10 m) -added - ;

S- et hyl - 2-t hi ophenet hi ocar boxi m de hydroi'odi de (the produgt of Exanpl.e..1;-
[2"hr, diluted

wth 2 N NS A oA apecplitie B HEROLEE 21 TP The sl vents wer o
renoved at reduced
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 Clto6, 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 particularly 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 fepresents 2-thiophene.
We prefer that R! represents hydrogen.

When R? represents -X(CH,),ZCONR’R?,
-X(CH,),NHCO(CH,)NRR* 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-tetrahydroisoquinolinyl 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® represents
P 2
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pressure, and the residue was dunped intaq. : ettt ET Nyl '
acetate ( 3 X 30 m). The conbi ned extratﬁ‘g\em&ﬂ 'tREF\kéﬁ‘éM,E-Nd[s}/"EEr
over magnesium sul fate, filtered, and congcent rfﬁf’b‘bcﬁpo gi_Vv solid \M}ﬁ
was recrystallized (ethyl acetat e/ met hano 18 JAN é

N- (4- (2- am noet hyl ) phenyl ) - 2- t hi ophenecar xi m dam' de as a ite solid: (]
mg, 8%; mp.134-137 [err]C Exanpl e 9™

N- ( (4- mor pholdayl et hvl ) phenvl ) - 2- th| ophenecar boxi m dam de (Q)
4(4-Ni t robe%lg#ay)%r phol i ne.

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,),ZCONR3R* 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 5S-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,)qNHC(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®.

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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To a stirred solution of .(2.00g; 0.0093 nol) 4Fnitrnhep,szEET

(Aldrich) and (0.736g; 0.011 nol) potassi uim ERER S BaENY ot '

in 20.0mM DMF was added (0.796m ; 0.0093 1) r ‘

heated to 50[err]C and stirred for 30 m nufes

addi tional 0.1 equival ents of norpholine and potassi um caf ona A
added. After 30 mnutes the reaction m xXture was quenchediwth 10

and extract eg W td2 001 kao B : ] | ; i
col | ect ed angj_}\é‘mﬁ lgd eﬁ?\%r magxn@ﬁ%? su fg‘{egprae};%ﬁh%{eg?gp&g%t gllg}o%%c?elg. The
resul ting thelrasife 1o ¢ inelosiye,t particulardyfl, @nored, ispecialiy htor 2and hexane to | eave

1.90g of 4-(4-nitrobenzyl)-norpholine. (b) (4- nmor phol i nvl net hvl ) ani i ne
A (1.00g; 0.0045 nol) sanple of 4-(4-nitrobenzyl)-norpholine was dissol ved

in 25m each“}iw: ﬂg?};;g 9% €. NHC NRCRAguUNt  of
10% pal | adi um oh lgar ong wasolgi%}gaﬁ%ng tE;Rr’egggiH&% hydr ogenat ed. \%en
hydrogen u(GEE) NHICORIswd prefer rta eepresentcls 2remdespedially 2lorrdkti on and the
sol vent s - evaporat ed. The :

NAERDACED ne.

aft.er

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* repi'esent -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".
We prefer that the orientation of R? is meta or para to the nitrogen atom of the
amidine moiety.

.
This Sheet Has Been

- i



solids were dissolved in 30m each ethyl T
sodi um hydroxi de. The aqueous | ayer was ex|tTiH® BeETWASBEENX 45,
acetate. The organic layers were collected, drifBA&Per dn SI

and the sol vent evaporated under vacuum T‘th"‘r'e

recrystallized fromethyl acetate and hex.?ne to | eave 0. 68q} of
.(4-nor phol i nyl rret hyl )aniline. (c)

N-((4- m)rphol

sol uti on

| sopr opyl
(the

of t e pr océ]ct of séf(‘mm%B§$%WB%§¥B£%%Q%I%§€B%%E%(é

aonmporindsiad fonndd [Sand phatmaceticaliy dceetptabie aaltothereoky wijahr oi odi de

. comprises:

(a) preparing a compound of formula I, by reacting a corresponding compound
of formula II |

NH

/U\ I

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,

() preparing a compound of formula I, by reacting a corresponding compound
of formula IV

wherein D is as defined above,

with a comppund of formula V

RI

NH, . HA
RZ‘@r vV .

wherein R! and R? are as defined above 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
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product of Exanple 1, step (d)) (0 99g; 06635—ns ‘ MSHEET
stirred at 35C To th| S mxture was added mHIGrﬂHEE’EHharBeﬂEN oggavmth §§Af
hydrochloric acid in |sopropyl al cohol added - dEiﬂéMﬂé untI t‘I
reactants were in solution. The reaction wa owet iir for 48 hourg.
The reaction was then- dil ut ed in 50mM sat ur8t ed sodi um ch dge and -
extracted with (3x75nmL) ethyl .acetafe. The organic |ayersbhw cottected ™
dried over maespaenosboth of R and Rhecpresents hydingso withoa compouad pfdopnulduct
was separ at eehon a silica gel colum eluted with 10% net hanol in methyl ene
chl oride. The 3ol vent was evaporated and the crude solid recrystallized
twice fromethyl acetate and hexgrg tial eave 60ng o ((4-

nmor phol i nyl met hyl ) phenyl ) - 2- t hi othemedar boxi m dam dd&. Im p. = 148-150[err] C

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

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

: 1
u,u(cuz),4©/ ! Vil

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

NH

i, Vit

L R

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

NY""—z
H"A.qu(cuz)“‘@/ [ IX

wherein D, R, q and HA are as defined above,
with a compound of formula X

N
Ill . X
R 6
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 formula XI,

This Sheet Has Been Replaced
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‘Exanpl e 10 ' | REPLACEMENTSHEET
N-(3- (((phenvl met hvl ) am no).nmet hvl ) phenvl ) - 2-t hi ophenecar box
A S 3&8b@§2y|

bi soxalate (a) =~ N (3-nitrobenzyl)benzanm de To a sol ution
am ne hydrochloride (2.45 g, 0.013 nol) in a solution of 50 of nethylene! ;
chloride and 50 mM of half saturated aqueous potassi um car bd nate at 0 :
[err] C was added dropwi se a sol ution of beffzoyl chloride (2.4—g—00129

mol) in 10 nl of nethylene chloride. After addition was conpl e{ﬁfﬁe\“&
DREETHAS Beey |

reaction mxture was stirred for 28/l at 0 [errlC and was then
and vaSERkAcRRd |

warm to anbi ence overni ght. The orgaR Whs separ atexag

successively with dil ute uspdfoghl, bre id and water. I’IGM
organi ¢ phase was concentrated in vasito to give 2.92 g (88% of the title

pr oduct, mp 134- (e (h) .

N-benzvl - QCYW&;’%Pagﬂ’(gﬁﬁﬁtlr 8Fepy defined abovese

thh a compound of formula XII,
RRUNH X1l

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

R’

| W“"z
qu(cnz)nxg D X111

wherein D, R!, X and n are as defined above,

with a compound of formula XIV

R*R*N(CH,), CcOL X1V

wherein R3 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 corresponding compound
of formula I in which R? represents -X(CH,),ZCONR’R‘ and Z represents -NH
with a compound of formula XVI '

R7-L XV I

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

. This Sheet Has Been Replace
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To a soluti

1.0 M borane in THF solution (18.6 nmol).

anhydrous tetrahydrofuran at 0 [err]C unde‘;ﬂ_@g gﬁ%mﬂa - {
he” regacideon i kg ur. t 11
heated to reflux for 5.5 h. The sol ution was.allowsd—te—eptl 1%% g‘lﬁgrandi-

on of the product of step (a) (2.85 g. 111

was then quenched by the successive addition of 2 m of nethanol and.10./:

of 6 M hydrochloric acid. The reaction m¥rure was again peated to reflux..:
for 1 h. Upgqn cooling.to anmbi ence, er tion.m ;uremd
extracted i o etBf&EP QCRHW?@@“%T%E’MCE‘?W - an

oi . This Gind pasSnétlessTEiadd2, 1y redubtion of b CdnfflundSéf fdrmula XVII

R
| N,
.Rln‘NcO(cuz)p_'xm _XVI l

wherein D, X, R, R? 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 |

Ri
NaANH,
NOZ(CH“PX@/T | XVILI

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 compound of formula XTX

. W""z
HZ(cuz)nx@/ D X1X

wherein R}, D, X and n are as defined above and Z represents O or NR,

with a compound of formula XX

R4-N=C=0 X X

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

R '
N NH,
O.C.N-(CHZ)"X‘@T XX

This Sheet Has Been Rerlaced '
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-36- nethylene chloride as eluent to give 1.95 g (72 % of

benzyl - 3-(nitrobenzyl)am ne [err] an oil. To a solution ofhnf H@ISHEET -
benzyl - 3- (ni trobenzy-1)amne (1.95 g, 8.05 mml) and triet Y oyl ,
l

18 mmol )

in 20 mM of nethylene chloride under nitrogen at |0 enrd
added dropwi se triflluoroacetic anhydride13.4 g, 16 mol) Tﬁed Mﬁg%%
m xture was stirred for 10 m nutes before pouring into waterf. The orgapic
| ayer was swheneit Ri, BpX and acaro\asdefingd edoven sul fate. The ol ution was

filtered and. oncentra oi | . Chromat ogr aphy oh—stttTa gel,
using 20% e 2 %’&Ié?%'f 8#%5‘3’!\%2?&25 el uent afforded 1.46 nggé)él‘:’i/ETOJAS[élE(iE‘N'
product as an oil, nass spectrginéﬁ ?)?:3?)&100% %Sj)e (c)

2f) 1 |

N- ( 3- am nobenzvl ) - N- benzvl

zZ. U 1V

0oas Iutigﬁmtﬁc_sphe

oacet a

product of step (b) (1.21 g, 3.58 mml) dissolved in a solution

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 XXIIT

0

/U\ XX 11

L NR3RY

wherein R® and R* are as defined above,

(o) preparing a compbund 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
R‘—N-CH(CHz)"'x‘@/ i

wherein R 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,
A(cnz),_,cu-u-(cn,),ng XXVy

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

Q) 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

This Sheet Has Been Reﬁ
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of 100 m of nethanol was added 20 ml of a saturated saolution of hyd-egerr
chloride in isopropanol and 0.1 g of 5% Pd ﬁ-usgﬂﬁef ASYBEE fsQAGngrra)agET

hydrogenated at 50 psi for one hour. The catal ygipLweso r emp ratip
and the filtrate was concentrated in vacuoisolid —Tritte .On‘\EfE}N‘i 18970l
with ether afforded 1.15 g (93% of the _tl'bgle conmpound as {the hydrochl ori

salt, mp. 169-74 [err]C (d) H
N- (3- (((phenvl net hvl ) am no) et hvl ) phenyl ) - 2-t hi ophenecar boxi mi_dani de .JTowa
sol ution of 0.25 g (0.94 mml) of S-ndtpyl (%pr},nghenethi ocar boxi m de
hydr oi odi de (the product of Exanple 1, ) in 4 m of xixygpr opanol was
added 0.41 g (1.3 h‘h&fﬁygw‘”'"‘mﬁv*‘@g 0
N- (3-am nobenzyl ) - N-benzyl -2,2,2-trifl.udfoacet ani de (prepared by taking the
hydr ochl or i\ﬁferéﬁ’ll t%‘?ﬁ?%%%ﬁ&'xﬁ%&@ﬁs%ﬁﬂe@aﬁo&@ NaOH and extracting into

e): 1

met hyl ene chlorid gaction mxture was Stirred for 5 h. A solution

(2 mM) of Zrp M grdparingydompaimdaoffoninala I &#hereip R ofepresentsnX(CH), NRIR'
and the 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 XXVII

R‘

. "\\|/““z
A(cH,),_,conn(cuz)'xg D XXVIH

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 XXVII -

N%,’/’”'z
*O(CHz)m-NONH(CHz)p.X‘@/ ! , XXViil

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
teftiary butanol, at a temperature between room temperature and the reflux
temperature of the solvent. The reaction time will depend jnter 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 sulphonic acid, halide, alkyl and
aryl alcohols and tosyl groups; others are recited in ’Advanced Orga_nic Chemistry’,
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resulting solution was heated at reflux for. l.h. Jhe—sot
concentrated and the product was extract ¢gisriHeeethGBEENY :
was dried and concentrated to give a solild. TRi®.ASERi d d'jgsﬁ:
et hanol and oxalic acid dihydrate(0.16 g, Bt~ afided. T
salt was collected and dried to give 0.26 g (55% of thelts
the bis oxalate salt, np 178-183 [err]C. _.13. Exanple 11

e sol utii
Aﬂeﬂgj'?n

e resul ti hg

J. March (1985) 3rd Edition, McGraw-Hill on page 315 and are well known in the
ot _

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 sufﬁciexitly 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, phbsphoric, 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 Il. We prefer that L represents halide, particularly bromide.

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).

This Sheet Has Been RTlaced
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An al ternative synthesis for the conpou CEMENT SHEET
N- (4- (((pheny! me%/hyl ) ami ne) neet hyl )gﬁe S%HiEﬁl rREPLA am de ( )i
N- (4-ni trobenzvl ) benzam de) This conpound Was lp‘r"':é are 1 q\ﬁ% hpd
of Exanple 10, step (a). From 4-nitrobenzyl am ne (Z.245 1 m)l) and!
benzoyl chloride (2.1 g, 0.0149 nol) was isol ated 2.56 g (Wﬂe
.R:gductl, 55 1t50 fl[err]C ) tro nsz acetam de This conpou

enzv ri [
bensyt - (4 1oesy BufD ) B e perthnen SnHer e sreacardanniians well
Exanpl e 10kn§$vﬁlqn (the ai'lofortd&ﬁd%ﬁlﬁéhfﬁf' ﬁﬁaﬁ[rsebﬁrwxlca cfé&g% g&gw hefVREE-

From 2.49 g (9. 36 mmol N- (4-ni trobenzyl)-benzam
carboxyhc acid to form an amide. For example, reaction of compounds to form

e ater o .....-—-""

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, AlH,;-AlCl,, 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 (I) 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 24 hours.
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18.6 m of 1.0 Mborane in THE was obt ai rq.gls ﬁ %ﬁe ) :ggﬁ@dam\gmsmm_i
ne in

mr

ni trobenzyl )am ne, which was used w t hout Ydal irorm—TnTS crudei
product was mixed with 4.3 nl of triethyl f i;ﬁglgnﬁ 19‘3T ’
chloride at OoC under nitrogen. To this solution was added}aqropw se 3. .
of trifluoroacetic anhydride. The solutigg-.was stirred for lﬂ-m-mﬁ-es"anﬁ"
was poured into water and separated. The dried organic phage was dried.. .-
(MySq err]) aRcbeess\@mhaybe petformiedenritier apn@tith anhldgbas to tlioseammdhfrdi as

an oil. (c) (4 am nomnﬁgqﬁg-tsenzvl 2.2.2-trifluoroacetam de This
conpound wé’?oﬂ? PEAECHES od described in Exanple 10, step (c)

for the preparat | on of N-(3-am nobenzvl)-N-benzvl-2,2,2-trifluoroacetam de.
From N-benzyl -2, 2,2-trifluoro-N(4-nitrobenzyl)acetamde (3.1 g, 9.2 muol)
was obtained t pfocgsses §0), (p) antid(q), theereductioninuhyde pérfornyett by hieatinge¢hsal t

followng h dro ati.on. . Rec all.i.zation fr anol and et her gave
1.74 g 0]9 F% e\qnplhpodx%n éqr@%nggq quneer stangard rEiltlcP 9

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 appropnate 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 place 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

]

/U\ XX 1X

07 NH,
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(d) N (4(((phenyl met hvl ) am no) net hvl 7T
From0.60 g (1.9 mmol) of the free base]gg'g%\L’E%THAs BEE

TERCABERET dRaEy
N (4- ami nobenzyl ) - N-benzyl'-2,2,2- trifl uor oacet aﬁ?%e ang |0 4ﬁ&g J(Ah ngrlm)i )
of S-nethyl 2-thiophenet hiocar boxi mi de (prepared by taki t
hydrochl ori de salt produced by foll ow ng.g.nmet hod anal ogo ;
Exanple 1, step (d), and neutralizing with 2.5 m NaCH andjextracting int.o..

met hyl ene ckhéxeir® isias dfbﬁmbd@bove,opr opanol . The reaction 8 Was

stirred for 5 h. A sol utlon (2 M) of 2.5 M sodi um hydr oxi de and about 5

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

NO,
R’—éj ' 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 compounds of formula XXX 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,
XXVI, XXVII and XXVIII may be prepared by analogous processes to those
described for the preparation of compounds of formula L

Compounds of formula VIII are either known or may be prepared by an
analogous process to that described above for preparation of compounds of formula
IL. ’

—_—
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of methanol was added and the resulting sqlTs sweegpagq
h. The solution was concentrated and the produétrwagye
acetate. The solution was dried and concentrated- Lve
converted to the bis oxalate in isopropanol and then recrys
95% et hanol to give 110 ng (10% of the tit{®e conpound, np R09- 13_C;_...
Exanpl e 12 The fol |l ow ng conpounds were prepared foll ow ng tthe nethod of

Exf‘[}p' ehl (a) Comia%tm&?f(foﬂﬁuﬁlgzdmoocg&ﬂemmerMﬁymml)-
I ophenecar,Qoxi.m danm de m
N- ( 4- (2 (((2- ?Jil?ﬁdﬁ?ﬂﬁ'é‘n ’)°B q]@olyséfﬁé\r%rmaal/mft@ds known per se.

Compounds of formula XIV and XV are either known or may readily be

_ REPLACEMENT SHE"';:‘%

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 intermediates 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 fonns; 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 indi_vidual' 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, diastereomers, racemates or. mixtures.

The compounds of general formula I possess useful pharmacological activity in |
animals. In particular, they possess useful nitric oxide synthetase }nhibiﬁng activity,
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th| ophenecar boxi m dam de np. 81-82 C (
N- (3-(2- ((Phenvl net hvl ) am no) et hvl ) phe ?"ﬁfﬁﬂ%nﬁm
di hydrochl oride, mp. 145-147 [err]C (d

N-(4(2- (2. 6-di chl orophenvl net hvl) am no) et hvl ) phenv
- 3-t hi ophenecar boxi mi dami de free base, mp. 109-110 C (e
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158-170 dec (f) ]
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neurodegeneratwe dlsorders including nerve degeneration and/or nerve necrosis in
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disorders such as hypoxia, hypoglycemla, epilepsy, and in external wounds (such as
spinal cord and head injury), hyperbaric oxygen convuisions 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 neurodegenerative disorders.

Thus according to a further aspect of the invention we provide a compound of -
formula 1, or a pharmaceutically acceptable salt thereof, for 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 pharmaceutically
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Exanpl e 9: (a) N (4-(( . HAS g . P
1- pi peri di nvl) net hv) phenvl ) - 2- th| opheneca ﬁ‘?;’déﬁﬂdes(eﬁ drb&rbﬁ“d@gk p.
277-278 [err] C (b) —_—Ay
N-(4((2-pvrrolidinvl)methvl)phenvl)-2-thi &phenecar boxi mi dgnde—"
—

acceptable salt thereof, in the manufacture of a medicament for the treatment of

the aforementioned diseases or conditions.

For the above mentioned therapeutic indications, the dosage administered will,
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 formuiation
including preferably less than 80% and more preferably less than 50% of a
compound of formula 1, 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 lactose; 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 those in which
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. di hvdrobromi de mp. 248-250 0C  Exanpl pT8 sWher 04 baw
prepared foll owi ng the nmethod of Exanplg 10:8&PtaCep
N- ( 3- (phenyl et hyl ) ami no) et hyl ) phenyl ) =Z=1i
dimaleate mp. 171-173 [err]C Exanple 15 The foll ow ng
prepared follow ng the general nethod of-2Bxanple 1

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 1, 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 Forstermann 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-HCI 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 colurans successively, and further centrifugation at
1000 g for 30 seconds.

For the assay, 25 pl of the final supernatant is added to each of 12 test tubes
containing 25 ul L-arginine solution (of concentration 18 yM 'H-L-arginine, 96 nM
*H-L-arginine) and either 25 pl 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 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 calmodulin, pH 7.4) to
initiate the réaction and the reaction is stopped after 10 minutes 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
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starting at step (e) by reacting S-nethylny, ' ecarb el@EMENTSHE"T,
hydr oi odi de wi th 3-(net hyl am no) phenyl ain

phenvl ) - 2- t hi ophenecar boxi ni dani de di ma E?& 81| ]BCJANESB&Q?DI P |
16 The fol | owi ng conpound was prepared fol | ow rTg»t-h nmef hqd f Exanpl e 10 '

N-(3-(2-((henvl met hvl ) am no) et hvl ) phenvl ) - 2- t hi ophenecarb xmu. e
Di oxal ate, mp. 132-134 C Exanple 17 -21-

N- (3- (2- (Et hyl ami_ no) et hyl ) phenvl) - 2-t hi ophenecar boxi_nmi dami d
reaction is added to an individual 1 ml column and the eiuant combmed with that

from two 1 ml distilled water washes and 16 ml of scintillation cocktaxl. 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 o:ﬁde synthetase activity

Enzyme is prepared, after induction, from the cultured murine macrophage cell
line J774A-1 (obtained from .léboratories 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 (IFNy)

and lipopolysaccharide (LPS). The medium from confluent culture flasks is removed
and replaced with 25 ml (per flask) of fresh medium containing 1 ug/mi LPS and 10
units/ml IFN+y.  After a period of 17-20 hours in culture, harvesting of cells is
accomplished by scraping the cell sheet from the ﬂaék 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-HCI (pH 7.5
at 20 °C), 10% (v/v) glycerol, 0.1% (v/v) Triton-X-100, 0.1 zM dithiothreitol and a
cocktail of protease inhibitors comprising leupeptin (2 pg/ml), soya bean trypsin
inhibitor (10 ug/ml), aprotinin (5 pg/ml) & phenylmethylsulphonyl fluoride (50
pg/ml).

For the assay, 25 ul substrate cocktail (50 mM Tris-HCl (pH 7.5 at 20 °C), 400
uM NADPH, 20 uM flavin adenine dinucleotide, 20 uM flavin mononucleotide, 4

his Sheet Has Been Replaced

H|||||| LD




-.1.37 nol) was heated at reflux for 2 h

(a) (3-Ntrophenvl)acetvl chloride A s{THisathesp
3-nitrophenyl acetic acid (10.0 g, 55.2f nmotepiA

A R

g of (3-nitrophenyl)acetyl chloride as a tan solid. (b
N- Et hvl - 2- (3-ni trophenyl)acetam de To a sjirred solution jof 70 -
et hyl am ne |n vvater (35 M) cooled on an'ice bath was added in one portion

(3-nit roph I f%fﬁh
warmed to c |eve % cl gyrt&?(l)’?%tlgln ar# g)ogg?ﬁévggﬂy g gc%,%%?ate
was filter ad wellsyofed 86 Meﬂtﬁi;dr-ma(daeﬂﬂiuMmmnwiz)ea@enamng Zésulaofyaa solotios of i d:

(2.2°9. 71%4 con?poun%Smlgdnﬁ\ﬁr’frks-ci{CI 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 pl of an aqueous solution of 3 mM nitroarginine and
21 mM EDTA.

Labelled L-citrulline is separated from labelled L-arginine ﬁsing Dowex AG-
SOW. 150 ul of a 25% aqueous slurry of Dowex SOW (Na* form) is added to the
assay after which the whole is filtered into 96 well plates. 70 pl 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 concentraﬁon) of 10 uM, is tested as a standard to verify the
procedure. |

Screen C
(C)  Screen for endothelial nitric oxide synthetase activity

Enzyme may be isolated from human umbilical vein endothelial cells (HUVECsS)
by a piocedure 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 resuspended in Dulbecco’s phosphate buffered saline,
centrifuged at 800 rpm for 10 mins, the cell pellet homogenised in ice-cold 50 mM
Tris-HCl, 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 centrifuged at 34,000 rpm for 30

mins. The resulting supernatant is stored at -80 °C until use.

\\
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(50m ) under nitrogen, was added dropwi Se \ ™
(42mL, 42mmol ). Reaction was heated at reflux for
bat h, then aqueous 6N HO (75nm) added dgopw se.
refluxed for 1 hour, basified to pH 11

cxtacted, s e et D00 PP R RGN 5 Rl fa%aﬁmﬂsfﬁ%%é
made from ¢SMEn@Re?® ki LRarghiile kolatioh {be corcentratién 12 uM ’H—L-arglmne, 64 nM
StV (2 (1] argaine) nd Githér 45 1 OF an’assay buier (50 0 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 xM NADPH, 10 pg/ml calmodulin, 12 yM
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) Ex vivo 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 prepared and assayed for
nitric oxide synthetdse activity as described in Screen A.

‘As a further confirmatory test, a fraction of the cerebellar supernatant was
applied to a 2’-5°-ADP Sepharose column (which binds nitric oxide s;_'nthetase) and
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yellow solid: (1.7g, 70%; mp. 186-188 EM NTSHFET
3-(2- Et hvl am no- et hvl ) phenyl am ne hydrocpl o ti REPLACEME
product of step (c) (1.7g, 7.0mmol) in q

catal ytic amount of 10% pal | adi um on car bon e T
at 50 psi for 30 minutes, filtered through cellte concent
3-(2-et hyl am no- et hyl )phenyl am ne hydroc#deri de as an off-white solid:
(1.49, 100%; mp. 192-194 [err E-f

N- ( 3- ( 2- ( Etswbsequently eluted)wille P tWh@Mmsmmquamtde oxidevgynthstasai de

(2om ) “ang SRy AORTARRIRY Boofiauté PR skiPen(fy a0 ) T T eopropanc)

S- et hyl - 2- t hiQuhsaaidsi thaepesetidte dRe pardbrai dhd enliBit Meurdnal Hilic) oxiden e

m xture was stirred for 16 hours, diluted with 20% aqueous sodi um
hydr oxi de, synthesaaerrgsuited inyraducegd mﬁflét%demmte activity hothiiméle ext ract s

concentr at cttrepegndfbpdRidEln o it °¥ﬁéﬂ§?ﬁ&dﬁ-&“#“£n%’éﬁiﬁw%9§é Sl

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). IC, values for test compounds were initially estimated
from the inhibiting activity of 1, 10 and 100 uM solutions of the compoi.mds.
Compounds that inhibited the enzyme by at least 50% at 10 uM were retested

using more appropriate concentrations so that an ICs, 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 m’acrophagé 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 gavé an IC,, value of less than 100
pM. Example 72 was tested in Screen A and gave 17% inhibition at 10 uM. Thus

these compounds are also expected to show useful therapeutic activity.

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 potent, produce fewer side
effects, are more easily absorbed, or have other useful pharmacological properties

_—
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from i sopropanol and ethyl acetate, recry l“él’ISISHzefi j\
nmet hanol , and ethyl acetate to yield N-(3g(2- (Whyégyrﬁ
d:

WEWNTSHEET\
) phenyb&z

t hi ophenecar boxi m dani de di hydrobron de as & Taf-s. .

192- 194 [err] C (dec). Exanpl e 18 ' o
N- (13- (3- ((Phenvl et hvl ) am no) propvl ) phenvl R52-t hi ophenecar bpxfi-dam de -

di oxal at e (ztal)\ 3- (3- Phenvl et hvl ani no- provl ) phenvl ani ne di hv Lcrul
an compounds previously known and used in the therapeutic fields mentioned

above.

Compounds of formula I, and pharmaceutically acceptable saits 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:

Example 1

N-(4-(2-((phenylmethyl)amino)ethyl )phéngl )-2-'tiﬁoghenecarbo:dmidamide
(a) N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide

To a stirred solution of 4-nitrophenethylamine hydrochloride (1.84 g, 9.10 mmol)
and triethylamine (3.03 mi, 21.70 mmol) in methanol (12 ml) was added
trifluoroacetic anhydride (1.51 ml, 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
chioride/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 (S 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 temperature 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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This was prepared follow ng a rret hod anal ogous to that of
(a)- (d). (b)
N- ( 3- (3- (( Phenvl et hvl ) ami no) propvl ) phenv TH@\W@E meeat b
di oxal at e To a solution of the product o :
S- et hyl - 2- t hi ophenet hi ocar boxi m de hyda t~ele : n -
|sopropanol (25m) and di net hyl f or mam de ?25rr]) was aoued 74

d| I u?eyw"@r%%o @ge%%l})m g&&dgﬁ%ng% :ag%?%& &%r\}mésge&?l\?mle? %25{ hyl
acet ate. THQ%))MJ’SD@M-!@HDTac&ﬁ were washed twice
(c) N-(2-(4-aminophenyl)ethyl)-N-(phenylmethyDtriflucroacetamide
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)triflucroacetamide 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

.17 mml) and

acetone and dried to provide 18.45 g of S-methyl-2-thiophenethiocarboximide
hydroiodide, m.p.195 °C (dec).
(e)N-(4-(2-((phenyimethyl)amino)ethyl)phenyl ]-g-tmoghenecarbonmldamld
To a solution of N(2-(4-aminophenyl)ethyl)-N-(phenylmethyi)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 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 (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
(a) N-((4-nitrophenyl)methyDtrifluoroacetamide

To a stirred solution of 4-nitrobenzylamine hydrochloride (4.06 g, 21.5 mmol) and
triethylamine (6.60 ml, 47.4 mmol) in methylene chloride (30 ml) was added
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- dioxalate salt of the crude was nmade from et harmk, I Z
from ethanol to yield 8 1897
N- (3- (3- ((phenyl et hyl ). anm no) pr opyl ) phenyl ) - 2-t hi ophenec o |1n d:;(wd o
di oxal ate as the white 'solid: (2.3 g, 44?] m p. 102-105 [jelr ——Exanpl e
19

e (e~ R RRAR IR L O o e, At SR EL il
] 15, e sttt s el it
of step (a)"’? }iwgenel%i‘ ‘G“‘i’ﬁrg]sg¥# ﬂ@g%\g eu@mch.\eﬁwr%* H’CEQG{?S’M‘;)W%QS
added in O%tél? hie@ vl SagnBSuft Sifatd. Giiferdd, ﬂrﬁﬁcmmrat&ﬁfﬁ'eﬂ‘a solid

which was recrystallized from methylene chloride/hexane to give N-((4-

with water, dried over magnesi um sul f ate, &%ﬁggi,! EB{K&@&Q@YSWT%

jo) .

nitrophenyl)methyDtrifluoroacetamide as a white solid: 3.9 g (73% yield); m.p. 97-
98 °C.
(b)_N=((4-nitrophenylymethy!)-N-( ghenylm- ethyl )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)triflucroacetamide as a colorless oil: (0.50 g,
- 40%); M.S. (M+H)*= 339,
(c) N({4-aminophenvl)methvl)-N-(phenyimethyl)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-aminophenylymethyl)-N-(phenylmethyl)trifluoroacetamide which was.
homogeneous by TLC and used immediately in the next reaction.
(d) N(-4-(1-((phenyvimethyllamino)methyl)phenyl)-2-thiophenecarboximidamide
To a solution of the product of step (c) (1.60 g, 5.16 mmol) in isopropanol (6 ml)
was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of
Example 1, step (d)) (1.47 g, 5.16 mmol). The mixture was 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 30 ml). The combined extracts
were washed with water, dried over magnesium sulfate, filtered, conce_:ntrated and

chromatographed over silica gel (8% methanol/ methylene chloride) to give a solid
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was stirred for 30 minutes, filtered, and t-rat\ééem'

partitioned with 20% aqueous sodi um hydroﬁﬂ\% Q@:@LMﬁEEhI or

.organic |ayer was dried over magnesium sul
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enthat |
TR A
g, 94%; mp. 110-112 [err]C (c)

3-(2-(2-Bronobenzvl am no) et hvl ) phenvl anr#& di hvdr ochl ori de m

T8 PR R iy S b e (L0 (9 (@
e =
t hi ophenec By H8in6] BéH % -2-t%§h€ﬁé‘d&%&émﬁd&rﬁfﬁwid§% FhitesoRet -
tE %‘qﬁxa (b).

anal ogous
(60 mg, 4%), m.p. 3-74 C

Example 3
N-(4-(1-((phenethvl}amino)methvl)phenyl)-2-thiophenecarboximidamide

(a) N-(2-phenviethyi)trifluoroacetamide

To a stirred solution of phenethylamine (4.91 g, 40.5 mmol) and triethylamine (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 oC.
(b) N-(2-phenylethyl)-N-{ 4-nitrophenyl)methyltriflucroacetamide |
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)trifluoroacetamide as a colorless

- oil: (1.60 g, 98%); M.S. (M+H)*= 353. |
(c) N-(2-phenviethvl)-N-((4-aminophenyl methyl)trifluoroacetamide
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 give
N-(2-phenylethyl)-N-((4-aminophenyl)methyl)trifluoroacetamide which was

homogeneous by TLC and used immediately in the next reaction.
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-42- mp. 175-8 C (dec) Exanpl e 20
N- (3- (2- (Phenyl am no) et hyl ) phenyl ) -2-thio

di hvdr obronide (a) (2-(3-Nitrophenvl)ethy )phenv_am.ae—-:Fh-' V\?a ?gﬁp
foll ow ng a process anal ogous to that of anple 17, steps (b) \

H@ﬁé&%ﬁ p‘éﬁé B

rﬁgpmcemsm SHEET \

2.2.2-Trifluoro-N(2-(3-nitrophenvl)ethvl)-Nohenvl acet am Thi s—weas
prepared foll owi ng a process anal ogous +29-t hat of Exanpl e E___s—tg_g__(__a_)___._-—J

To a solution of the product of step (c) (1.47 g,4.54 mmol) in isopropanol (5 ml)
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 (5 ml) and 2 N NaOH (10 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 (ethyl acetate/hexane) to ﬁeld 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-chlorophenvimethvl)amino)ethyl)phenyl)-2-thiophenecarboximidamide

(a) N-(4-nitrophenvl)ethvl)-N-((2-chlorophenvl)methy])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-
chlorobenzyl 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-aminophenvl)ethyl)-N-((2-chlorophen Dmethyltrifluoroacetamide

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 celite, and concentrated to give N-
(2-(4-aminophenyl)ethyl)-N-((2-chlorophenyl)methyl)trifluoroacetamide which was

homogeneous by TLC and used immediately in the next reaction.
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i de Thi s _was..

ATAGEMERT sHEET
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N (4-(2- ( 2Rk ggl_nghmrl_:ﬂandammghenvl ) - 2-t hi ophenecar boxi m dam de
To a solution of the product of step (b) (2.1 g, 5.96 mmol) in isopropanol (10 mI)

was added S-methyl-2-thiophenethiocarboximide 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/hexane) 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-fluorophenvimethyllamino)ethyl)phenyl)-2-thiophenecarboximidamide

(a) N-((3-fluorophenvi)methvl)-N-(2-(4-nitrophenyl)ethv])trifluoroacetamide

To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (the product
of Example 1 step (2)) (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-
nitrophenyl)ethyl)trifluoroacetamide as a colourless oil: (1.63 g, 77%); M.S.
(M+H)*= 371

(b) N-(2-(4-aminophenyl)ethvl)-N-((3-fluorophenylmethy)trifluoroacetamide

To a stirred solution of the product of step (a) (1.63 g, 4.40 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-
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di hvdr obroni de. m p. 240-242 C (dec) (c) REPLACEMENT SHEET
N- (4-(2-(21-Propvl am no) et hvl ) phenvl) - 2-t hi opfie Iy de
di hvdr obroni de, m p. 233-235 C (dec) (d) 18 JAN 1997
N-(4-(2-(t-Butvlam no)ethvl)phenvl)-2-thi onhgneca KT ilde
di hvdrobrom de. mp. 241-242 C (e)

d

N- (4- (2- (n- But vl am no) et hvl ) phenvl ) - 2-t hitdlrhenecar hoxi ni dak-de
di hvdr obrom de, m p. 238-240 C (

N-(3-(2- (Me(bﬂ-am@ml)ﬁwﬁM(grﬂmmhgpﬂmgﬂymﬁﬂmqamaaﬁde which was
di hvdr obr On})g&'oggﬁgow%égan% used immediately in the next reaction.

(c) N-(4-(2-((3-fluorophenylmethyllamino)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-2-thiophenethiocarboximide 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 mi) and heated to 70 °C for 1 hr. The solvents
were removed at reduced pr.essure,. 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-methviphenvl)methvl)amino)ethyl)phenyl)-2-

thiophenecarboximidamide

(a) N-((2-methyiphenvl)methyl)-N-(2-(4-nitrophenyllethyltriflucroacetamide

To a stirred solution of N-(2-(4-nitrophenyl)ethy1)tﬁﬂuoroacetanﬁde (the product of
Example 1 step (a)) (1.5 g, 5.75 mmol) and a catalytic amount of 15-crown-5 in
THF (10 mi) 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 suifate,
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.

(O)N-(2 (4—ammoghenv1)ethvl)-N-((Z-methylphenyl)methyl)-tnﬂuoroacetamld

-~
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. N-(3-(2-(21-Proopyl am no) et hvl ) phenvl ) - 2-t
gi hvdrobrom de. mp. 72-75 C (softened) (h)- ¢
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di hydrobromide. mp. 232-235 C (dec) (i) \ Bt
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necar boxi m qawi-de

194- 199 C (TP a stirred solution of the product of step (2) (1.76 g, 4.82 mmol) in THF/MeOH

N-(3-(2-(
di hvdr obr o

i, T SA BN BRSRN: o OBPEORS PR 3 Cas
hydrogenated at 50 psi for 1 hr, filtered through celite, and concehtratcd 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-z-thiophenéthiocarbo:dmide 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 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-(((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)ethvl)phenyl)-2-thiophenecarboximidamide

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

To astirred 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 acetate ( 3 X 30 ml). The
combined extracts were washed with water, dried over magnesium sulfate, filtered,
and concentrated to yield N-methyl-N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide a
colorless oil: (1.40 g, 88%); M.S. (M+H)*= 277. |

(b) N-methvl-N-(2-(4-aminophenyl)ethyl)trifluoroacetamide
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(1) N-(3-(2-(Di et hvl am no') et hyl ) phenvl )-2-thio .Q&Qﬁ;ﬂ\ﬁBWEMENTSHEET
di hydrobromide. mp. 75-80 C (softened) ( MNEERTLR- (R-{(1, 2. -

Tet r ahvdr o) i soaui nol i nvl) et hvl ) phenvl)-2- "t F‘S‘Sh@ﬁé%géa ( h d‘hé géﬂ 1997

di oxalate. mp. 172-175 C (dec) (n) N (4-Y 321 _
1.2.3.4.-tetrahvdro)i soaui nol vl) propyl )p_t_;’g_nv ) - 2-t hi or phege~Ccar boxi m dam d¢
di oxal ate. mp. 138-142C (0) : —

N (4-(2-(37b; bi i+ f I l 2y ngs et -

thi ophencodrbasiheq AN o Be, BORY. SFSEy (BN &, 5 MMED) i THEFMeOH

N- (4- ( 2- ( di(200 Akl h eas tadded aheatalyti@ atouanh bf 10%a PO/C:i Thel mixtiee wase base,

benzeneoar BRSTOREiAGAAS 1 AN dPbA o ARed BESHReRile, grd Soncentiated o B N-

methyl-N-(2-(4-aminophenyl)ethyl)trifluoroacetamide which was homogeneous by

TLC and used immediately in the next reaction.

(c) N-(4-(2-(methylamino)ethyl)phenyl)-2-thiophenecarboximidamide

To a solution of the product of step (b) (1.32 g, 5.37 mmol) in methanol (10 mi)
was added S-methyl-2-thiophenethijocarboximide 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 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-
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-aminophenvl)ethyltrifluoroacetamide
To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (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—(Z-(4-
aminophenyl)ethyl)trifluoroacetamide which was homogeneous by TLC and used
immediately in the next reaction.

(c) N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide

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 hydroiodide (the product of Example 1,
step (d)) (1.09 g, 3.81 mmol). The mixture was stirred for 12 hr, diluted with 2 N
NaOH (8 ml) and heated to 70 °C for 1 hr. The solvents were removed at reduced
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(r) N(4-(2-((3-chl orophenvl met hvl)am no)et hvl ) ph
- car boxi m dam de di hvdrochl oride. 257[err HAS BEEN
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di hvdrochl ori de, 218-219[err]C (t)

N- (4- (2- (pi peronvl am no) et hvl ) phenvl ) - 2-t\hr6ﬁﬁénecar boxa
di hvdrochl oride. mp. 205-6 C -34-

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 anhydrous (Aldrich) in 20.0ml DMF was
added (0.796ml; 0.0093 mol) morpholine. The reaction 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-morpholinvimethvi)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 sulfate, and the solvent
evaporated under vacuum. The resulting solids were recrystallized from ethyl
acetate and hexane to leave 0.68g of (4-morpholinylmethylaniline.

(c) N-((4-morpholinvimethv)phenyl )-2-thiophenecarboximidamide

To a stirred solution of the product of step (b) (0.68g; 0.0035 mol) and 15.0ml
isopropyl alcdhol was added S-methyl-2-thiophenethiocarboximide hydroiodide (the
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anai ogous to that of Exanple 18: (a)
N-(3-(2-(((2-Chlorophenvl) net hvl ) am no)
t hi ophenecar boxi m dam de di oxal ate, mp 1553
N (3-(3- ((Phenvl net hvl ) am no) propvl ) phei | ophenecar
di oxal ate, mp. 138-141 C (dec) (c) -35-
N-(4-(2-(((3-Chl orophenvl) net hvl ) am no) et hvl ) phenvl ) - 2-
t hi ophenec préduct of dxamplé dxstept(d)) (0.80g; D@33 1mo)erTHeCmixthre was stirred at

N-(4-(2-(( ggtCChi_ S b henct\{xrg \rLeats g\éldég ’To’l%leﬁl@}’ha?n%? %Po\ﬁlg) wi2h 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 chloride. 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-(((phenyimethvl)amino)methyl)phenvl)-2-thiophenecarboximidamide bisoxalate
(a) N-(3-nitrobenzylYbenzamide

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 m! of methylene chloride. 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 (2) (2.85 g, 11.1 mmol) in 50 ml! of anhydrous
tetrahydrofuran at 0 °C under nitrogen was added 18.6 ml of 2 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 of 6 M hydrochloric acid. The
. reaction mixture was again heated to reflux for 1 h. Upon cooling to ambience,
the reaction mixture was basified and extracted into ether. The dried (MgSO,) was

concentrated to afford an oil. This oil was chromatographed on silica gel using
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t hi ophenecar boxam di ne di oxal ate, mp. 203-204
N-(4-(2-(((3-Chl orophenvl) et hvl)am no) et

2- car boxi m dami de di hvdrochl oride mp. 25%3% 7
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98-100 C Exanple 23 The foll owi ng conpou Mol | owin ‘-
process anal ogous to that of Exanple 19:-36a) ' -

N-(3-(2- (((N—Phenvl met hvl - N- met hvl ) am no et hvg) henvl)-2-} .
t hi ophenecanedyleserhigride a¥ eluentiosgiven 19 856733 )I?,o( bynzyl-3- nitrobenzyl)amine

N-(4(2- CON-Bhangh MY soffiiBh dE the %m&%s‘ﬁé}m(m% dry15arhibeAR'E 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 spectré m/e 339 (100%, M+H).

(¢  N-(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
oC.

(d) N-(3-(((phenylmethyl)amino)methyl)phenvl)-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-2,2,2-triflucroacetamide (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 5 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 solution was dried and
concentrated to give a solid. This sdlid was dissolved in ethanol and oxalic acid
dihydrate (0.16 g, 1.3 mmol) was added. The resulting salt was collected and dried
to give 0.26 g (55%) of the title compound as the bis oxalate salt, mp. 178-183 °C.

Example 11
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carboxi m dam de. free base mp. 110-112 [err]C (c) ,

N- (13- (2-(((3-Chl orophenvl) net hvl)am no)eth ptTENYl LndBE

t hi ophenecar boxi m dam de di oxal ate, m p. 15\4@83% -Gtep)

N-(3-(2-(((3-fluorophenvl)nethvl)am no)eth I)phgﬁv

t hi ophenecar boxi m dam de di oxal ate, m p. 1887
-37-

e

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 berane 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 anhydride.
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 compound as an oil.

(c) N-(4-aminobenzyl)-N-benzyl-2,2.2-trifluoroacetamide

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-trifluoroacetamide. 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. Recrystallization from isopropanol and ether gave 1.74 g of pure
material, mp 115-9 °C. '

(d) N-(4-(((phenylmethyl)amino)methvl)phenyl)-2-thiophenecarboximidamide
From 0.60 g (1.9 mmol) of the free base of N-(4-aminobenzyl)-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 Example 1, step (d), and neutralizing 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 and about 5 drops
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45-  (e) N-(4-( -(((3-¢Chlorophenvl)nethvl)am no
) propvl ) phenvl) - 2-thi ophene ()

N-4- (3- ((phenvl net hvl - N-net hvl) am no) pr opyl
car boxi m dam de di hvdr obrom de, m p. 228-23Q[
N-(4-(2-((ethvl ) (phenvl net hvl) am no) et hvl:%%)

t hi ophenecar boxi m dam de free base,
MR T %&8%%{ T

- di et hvl efsBlutiohhedsvedneentthiedrantdiet ﬂi\dd).lﬁhﬁﬁs’ extracted into ethyl acetate. The
solution was dried and concentrated to give a solid. This was converted to the bis

=D

-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:
()  N-(4-(2-(((2.6-dichloropheny)methyamino)ethyl)phenyl)-
2-thiophenecarboximidamide m.p. 104-105 °C '
(b) = N-A(4-(2-(((2-bromophenyl)methyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide m.p. 81-82 °C

() N-(3-(2-((Phenylmethyl)amino)ethvl)phenyl)-3-thiophenecarboximidamide
dihvdrochloride, m.p. 145-147 °C

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

()  N:(4(2-aminoethvl)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

(&  N-(3-(3-(1-pyrolidinv)propvl)phenyl)-2-thiophenecarboximidamide free
base, m.p. 110-111 °C

(h) N-(4-(_?,-amiﬁoethvl \phenyl)-2-furocarboximidamide dioxalate, m.p. 162 °C

dec

Example 13
The following compounds were prepared following the method of Example 9:

(a) N-(4-((1-piperidinvl)methyl)phenyl)-2-thiophenecarboximidamide
dihvdrobromide m.p. 277-278 °C

(b) N-(4-((1-pvrrolidinvl)methyl )ghenvl )-2-thiophenecarboximidamide
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t‘rhli ophenecar boxi m dam de free base. mp. 145-148 [efr] C (] EET
N-(4-(2-(((-3.4-dichl orophenvl)nethvl)am no) et hvl ) phenyl ) - LEPLACEMENTSH

t hi onhenecar boxi m dani de free base. mp. 11% e seed1anpl e

N (4-(3- ((phenvl am no) car bonvl ) propvl )phenvl %ﬁ‘kﬁhhgnec 1 bgeﬁm'lsﬁrag% L
(a) 4- (3- ((phenvl am no) car bonvl ) proovl )aniline A.stirredlsolution of.. -
4-(4-nitrophenyl)butyric acid (5.0 g; 0.'(3 noles) in 20 m bf"‘r'h'i"(fﬁll

chlori de S reféuxe,g for gg_&é& The sol vent was evapor at -+he crude
aci‘d chlo\rAM—ﬁ/a dé opwi se to a stirred solution of aniline
(2.0 g; 0.02 noles) in 30 m of tetrahydrofuran and 10 ml of triethylam ne
and the reaction.was then stirred 18 hours. The triethylam ne hydrochl oride
was remve@mﬂﬂ_&ration and 50 m of ethyl acetate was added to the

or gani ¢ phaﬁ-xe fo g\emr?gr ggnr{bgmpcp aas p‘l"\éaﬁsared following the method of Example 10:

N-(3-(((phenylmethyDamino)methvl)phenvl)-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 (€) by reacting S-methyl-2-thiophenecarboximide hydroiodide
with 3-(methylamino)phenylamine.

- N-(3-((amino)methyl)phenyl)-2-thiophenecarboximidamide
dimaleate m.p. 145-148 °C

Example 16
The following compound was prepared following the method of Example 10

N-(3{ 24((phenylmethzl Jamino)ethyl)phenyl)-2-thiophenecarboxamidine Dioxalate,
m.p. 132-134 °C |

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

(a) (3-Nitrophenyl)acetyl 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 hours, then concentrated to yield 11.1
g of (3-nitrophenyl)acetyl chloride as a tan solid.

(b) N-Ethyl-2-(3-nitrophenyl)acetamide

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 chioride (3 g, 15.0 mmol). Resulting
mixture was warmed to achieve a clear solution, allowed to cool. Resuiting
precipitate was filtered to yield N-ethyl-2-(3-nitrophenyl)acetamide as a yellow solid:
(2.2 g, 71%); m.p. 115-117 °C.
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washed with 1 x 100 mM of 1 N hydrochloric aci :
magnesi um sul fate. The sol vent evaporated td rws&d;HtLaHy\slﬂE -
solid was dissolved in 100 m of nethanol and 25@&¥g.cab 10
carbon was added, the reaction was hydr ogenated—over—a—4—hg
product was found to be unreduced. and wafgp.t hen di ssol ved |n_1_0_0._nd~rof
nmet hanol. 10 m of a saturated sol ution of HO in isopropanol was ga_g_lded

fol | owed by(cd¥Fh - ahl h b@éhlofﬂj@ m xt ur e Was ydrogenat ed

for 4 hours. The, catalyst
To a stirred solution o 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 HCI (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-mtrophenyl)ethy])amme hydrochlonde as a light
yellow solid: (1.7g, 70%); m.p. 186-188 °C.

(d) 3-(2-Ethylamino-ethyl)phenyvlamine hgdrochlonde

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.

(e) N-(3-(2-(Ethylamino)ethvl)phenyl)-2-thiophenecarboximidamide dihydrobromide
To a solution of the product of step (d) (1.4g, 7.0mmol) in isopropanol (20ml) and
dimethylformamide (20ml) was added S-methyl-2-thiophenethiocarboximide
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-
thiophénecarbom'midamide dihydrobromide as a tan solid: (1.72g, 49%); m.p. 192-
194 °C (dec).

Example 18
N-(3-(3-((Phenylethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide dioxalate

(a)_3-(3-Phenvlethylamino-propvl)phenylamine dihydrochloride
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AGENENT BEEET
the solution

Examamnws?
with

-46- by filtration and the sol vent evapora
in 100 M of hot water with a m nimal anoun THis %ﬁhanalsgs
was then nmade basic with 50% sodi um hydroxi ¢le sofftR-PEER. Th
extracted with 150 m of ethyl acetate, the extract was
magnesi um sul phate and evaporated, giving,solid

4-( 3- (((phenyl )am no) car bonyl )propyl ) ani rthe e, yield 1.0 g, G—-QQ
b N (45 h | a b

{ P ophenecaTliah BERPER FURKEE R reol eBlaatPo o hﬁ&%eﬁmaw SEPS(D5 (a)
(1.00 g; O. 7 nol es) in approximately 5m of isopropanol was added

S- et hyl - 2- t Hi ophenet h| ocar bOXI m de hydr0| od| de (t he product of Exarrpl e 1.
step (d)) ((b)lNg3 : 3)-2rd enesy pida
t hen all oweg txglagool gi vi ng soI i ds. The product

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 (25ml) was added pyridine (0.74 ml, 9.17 mmol) in one portion.
The mlxture 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

(a) N-(2-Bromobenzyl)-2-(3-nitrophenvi)acetamide

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

(b) N-(2-Bromobenzyl)-2-(3-aminophenvl)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.

(c) 3-(2-(2-Bromobenzylamino)ethyl)phenvlamine dihvdrochloride

This was prepared following a method analogous to that of Example 17, step (c).
(d) N-(3-(2-(((2-Bromophenymethyilamino)ethyl)phenyl)-2-

thiophenecarboximidamide dioxalate B _
This was prepared following a method analogous to that of Example 18, step (b).
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was filtered and allowed to dry under vacyurmoverfght—giving N-(4-(3- \

((phenyl am no) car bonyl ) propvl ) phenyl ) -2-t} Fﬁﬁlﬁtﬁétblr-\bms I
yield. mp. 229-231 [err]C Exanpl e 25 The fB*Fﬂtemzmg c A
prepared following a process anal ogous to that v :
N- (4- (3- ((phenvl nmet hvl ani no) car bonvl ) por pyl yphenvl ) 2- .
t hi ophenecar boxi m dam de. mp. 169-171 [err]C. (b) N-(4

1-pvrrolidvl) efapboriég P@r(@ey) oxv) phenvl)-2- thi ophenecarbo
191-194 [err]C ? N-(4-(3-((4-norpholinvl)carbonvl) proa

t hi ophenecar boxi m dam de, mp. 136-138[err]C
Example 20

(a) (2-(3-Nitrophenyl)ethyl)phenylamine

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

(b) 2.2.2-Trifluoro-N-(2-(3-nitrophenvl)ethvl)-N-phenviacetamide

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

This was prepared following a process analogous to that of Example 1, step (c).

(d) N-(3-(2-(Phenvlamino)ethvl)phenvl)-2-thiophenecarboximidamide

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

Example 21
The following compounds were prepared following a process analogous to that of

Example 17:

(a) N-(4-(2-(Ethylamino)ethvl)phenvl)-2-thiophenecarboximidamide

dihvdrobromide, m.p. 176-178 °C

(b)  N:(d-(2:(2-Propvlamin)ethyl\phenyl)-2-thiophenecarboximidamide

dihydrobromide, m.p. 240-242 °C (dec)

(©) N-(4-(2-(1-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide

dihvdrobromide, m.p. 233-235 °C (dec)

(d)  Ne(4-(2-(t-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide

dihvdrobromide, m.p. 241-242 °C

) o

dihvdrobromide; m.p. 238-240 °C

(£ N-(3-(2-(Methvlamino)ethvl)phenvl)-2-thiophenecarboximidamide

dihvdrobrorﬁide, m.p. 219-223 °C ‘
"\\s
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(d) N-(4-(2- ((phenvl met hvl am no) car bonvl )et hvl )phenle”/

t hi onhenecar boxi m dam de, mp. 63-65[err] € REPLAV=T

N- 3- (2- (( phenvl ani no) car bdnvl ) et hvl ) phenv THiﬁsﬁﬁ?B?’h%ﬁ
203-205[ err] C (f) REFLA
N- (4-(3-((phenvl am no) car bonvl ) propvl ) phenvi)y=2Z-vrrol ecar
195-196C (g) N-(4-(3-((phenvl am no) car b%ﬂ/-l ) propvl ) phenv

(2) N-(3-(2-(1-Propylamino)ethvl)phenvl)-2-thiophenecarboximidamide
dihydrobromide, m.p. 72-75 °C (softened)
(h)

di

(S

dihvdrobromide, m.p. 232-233 °C (dec)

- dihvdrobromide,

m.p. 75-80 °C (softened)

thiophenecarboximidamide dioxalate,
m.p. 172-175 °C (dec)

(m)
carboximjdamide dioxalate, m.p. 138-142°C

(©)  N{4-{2:(3.5-bistrifluoromethviphenvimethylamino)ethyphenyl-2-
thiophenecarboximidamide free base, m.p. 98-100 °C _

(P)  N-(4-(2-(diethylamino)ethyi)phenyl-2-thiophenecarboximidamide free base,
m.p. 113-115 °C |

C)) N-(4-(2-( (3-chlorophenylmethyl)aminolethyl )phenvl)-

benzenecarboximi_damide dihvdrochloride, 253-254°C

dihvdrochloride, m.p. 205-6 °C
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-47- furocarboximi damide. mp. 197-199[err] C{h) mﬁ“f
N- (4- (3- ((phenvl am no) car bonvl ) propvl ) phenyl } T@iscMEST HASBE

t hi ophenecar hoxi m dam de, mp. 141-144[err] Ci(i) REPLACED

N ((3- ((phenvl am no) car bonyl ) propvl ) ohenvl) rethvtpvrrofe \!
carboxi m dam de. mp. 154-155[err]C (j) }
N-(4-(3-(1-(4-nmethvl pi perazi nvl) carbonvl )pr‘éﬁ'oyl ) phenvl) - 2- e

t hi ophenecar bﬁi m aagg' de, mp. 132-134 [err]C Exanple 26 =13-(( |

-pvrrolidvl)c ropvl ) phenvl) thionhene-2-carhoxi m dam de hvdr oi odi de
The following compounds were prepared following a process analogous to that of

Example 18:

(a) N-(3-(2-(((2-Chlorophenyl )mefhgl )amino)ethvl)phenvl)-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-Chloro-ghenvl Ymethvl)amino)ethvl)phenyl)-2-
thiophenecarboxamidine dioxalate, m.p. 216-217 °C
(d) N-(4-(2-(((4-Chlorophenyl)methvl)amino)ethyl)phenvi)-2-
thiophenecarboxamidine dioxalate, m.p. 203-204 °C

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

(f) N-(4-(3-(ethvlamino)propyvl)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-Phenvlmethvl-N-methvl)amino)ethyl)ghenyl)-Z—
thiophenecarboximidamide, free-base
m.p. 85-87 °C
(b) N-(4-(2-((N-Phenvimethvi-N-methvl}amino)ethvl)phenyl)-2-thiophene
carboximidamide. free base '
m.p. 110-112 °C
© N-(3-(2-({(3-Chlorophenvlymethvl)amino)ethvl)phenyl)-2-

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

(d) N-(3-(2-(((3-fluorophenvl)methvl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide dioxalate, m.p. 183-4 °C
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(a) 4-(3-((1-pvrrolidinvl)carbonvl)pronvl)anili

-(4-nitrop

acid (2.25 g, 0.01076-nol es) was dissolved in 4Gy gl _
cooled to -5 [err]C on an ice/acetone bath. Trifeth yha.-;%i : {lﬁo ﬂo‘ﬂ@?

nol es) and ethyl chloroformate (1.17 g. 0.01076- d and the

mxture was stirred for 10 m nutes before4pyrrolidine (0.92 g, vT0T291

nol es). was added dropwi se whil st naintaining the tenperature Belew-8

[err]C. Aft¢e) 10 N-(DH((B1Chlompliehydthethbamimmpecpyd)phenil-2-thiphieoa stirred
for 16 hours %t roomt maer ure. gf%gﬁi%oromst hane sol ution was washed

BiPc

with 2 x 75&
di chl oronet Eﬁ
evapor at ed

br own oi | vvaarboe:dnmlamldmd@dﬁﬂargmudd;ydrpgéﬁ&?éﬂ?@(ﬂeb) was the sol vent and
f

10% pal | adi hours the catal yst
was fllterezgri) '45 to provide 4-

4 : nv thyllphe
(3-((1- pyrr%,bﬂhyé&%m%mlgéwlgaggl I ine, an oil that solidified on
standi ng (thi

m.p. 87-89 °C
(h) N-(4-(2-((propvl)(phenylmethyl)amino)ethyl\phenyl)-2-

thiophenecarboximidamide free base,

m.p. 100-102 °C |

(i) N-(4-(2-((1.1-dimethylethyl)(phenylmethyl)amino)ethvl)phenyl)-2-
thiophenecarboximidamide free base, m.p. 145-148 °C

(§) N-(4-(2-(((3.4-dichlorophenvl)methyl)amino)ethvl)phenvl)-2-
thiophenecarboximidamide free base, m.p. 111-114 °C

and 2 x 75 m water. The
2,50l vent

Example 24 _
N-(4-(3-((phenylamino)carbonvlpropyl)phenyl)-2-thiophenecarboximidamide

(a) = 4-(3-((phenylamino)carbonvl}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 dropwise 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 ml of 1 N hydrochlaric acid and the dried over magnesium_
sulfate. The solvent evaporated to yield a yellow solid. The 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 methanol. 10 ml of a saturated
solution of HCI in isopropanol was added, followed by 250 mg of 10% palladium

on carbon. The mixture was hydrogenated for 4 hours. The cataly;st was removed
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was used as is). (b) N(4-(3-(( 1-
pvrrolidvl)carbonyl)propyl)phenyl) -2- thlophe
S- net hyl - 2-t hi ophenet hi ocar boxi ni de hydr oi odl.mélS(&%éT ﬁﬂé@ﬁ@ﬂ
step (d)) (1.53 g 0.00538 nol es) was addedito t REPLHPBRIuCE
(1.50 g 0.00646 noles), in 6 n of isopropanot—and~sStTTT
tenperature for 16 hours. The -46-

48-1 by filtration and the solvent evaporated. The residue was dissolved in 100 ml of hot

water with 2 minimal amount of methanol, and the solution was then made basic
‘with 50% sodium hydroxide solution. The mix was extracted with 150 ml 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-((phenylamino)carbonylpropvl)phenvl)-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 overnight 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-((phenvimethvlamino)carbonvl)propvl)phenyl}-2-
thiophenecarboximidamide, m.p. 169-171 °C.

(b)  N-(4-(3-((1-pyrrolidvl)carbonyl)propvioxy)phenyl)-2-
thiophenecarboximidamide, m.p. 191-194 °C

(c) N-(4-(3-((4-morpholinyl)carbonvl)propvloxv)phenyl)-2-

thiophenecarboximidamide, m.p. 136-138°C

(d) N-(4-(2-((phenvimethvlamino)carbonvl)ethyl)phenvi)-2-
thiophenecarboximidamide, m.p. 63-65°C

(&) N-(3-(2-((phenvlamino)carbanyl)ethyl)phenyl)-2-thiophenecarboximidamide
m.p. 203-205°C '
(f) N-(4-(3-((phenviamino)carbonvl)propvl)phenvl)-2-pvrrolecarboximidamide, m.p.
195-196°C | |

(8) N-(4-(3-((phenvlamino)carbonyl)propypheny])-2-
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resul ting suspension of solids was diluted with 50 m | sopr opanol '
solids collected by filtration to give ‘S'(_PLACEMCM SHEE;\

N- (4- (3-((1-pyrrolidyl)carbonyl)propyl)phenvl)- <4Ht5rﬁ*‘(§31§ﬁé’ﬁ§@'§
hydroi odi de. np 213-216 [err]C. Exanpl e 27 The fol FERE°co
prepared follow ng a process anal ogous t f Exampre 26. (a)

N- (4-3-((4-norpholinvl)carbonvl )propvl yphenvl ) -2- thi ophenecar

hvdr oi odi d [ : ...,w
N-(4-((p hequ olafho %a?rﬁael ﬁdh'env ? 2- t hi ophenecar boxi m dam de m p.

200- 201[ er r(h¥ ( c)N-(4-(3-((phenylamino)carbonyl henyl)-3-chloro-2-
N-(4-(2-((4- hol bonvl ) et hvl ).phe I2 thvlthi | e- 4-
(4 (2 R neta B e, B . 1%1)1%4°8V )-2-methvithiazol e-

(1) N-((3-((phenylamino)carbonyvl)propyl)phenyl)-1-methyipyrrole-2-
carboximidamide, m.p. 154-155°C

()] N-(4-(3-{1-(4-methvlpiperazinyl Jcarbonvl)propyl)phenyl)-2-
thiophenecarboximidamide, m.p. 132-134 °C

Example 26

N-(4-(3-((1-pvrrolidvl)carbonyl)propvl)phenyl) thiophene-2-carboximidamide
hvdroiodide

(a) 4-(3-((1-pyrrolidinyl)carbonvl)propyllaniline

4-(4-nitrophenyl)butyric acid (2.25 g, 0.01076 moles) was dissolved in 40 ml
dichloromethane and cooled to -5 °C on ari 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 w';vas. 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 evaporated 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-pyrrolidvl)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide
hydroiodide |
S-methyl-’_’-thiophenethiocarboximide hydroiodide (the product of Example 1, step
(d)) (1.53 g 0.00538 moles) was added to the product of step (a) (1.?0 g 0.00646

moles), in 6 ml of isopropanol and stirred at room temperature for 16 hours. The
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Example 27

The following compounds were p're.pared following a process analogous to of
Example 26:

(@  N-(4-(3-({(4-morpholinvl)carbonvl)propvl)phenyl)-2-
thiophenecarboximidamide hydroiodide, m.p. 189-192 °C.

(b) * N-(4-((phenylamino)carbonyl)phenyl)-2- thiophenecarboximidamide m.p.
200-201°C

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

hvdroiodide
(a) 4-(2-({{4-morpolinyl)carbonv)amino)ethylaniline hvdrochloride

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
ml of methanol, to this was added 250 mg of 10% palladium on carbon and the
reaction hydrogenated for 4 hdurs. 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, crystallized and

was collected by filtration, 4.4 g.
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The product of step (a), 4.4 g, was dissolved in 200 ml of water. The mixture was
made basic with 50 % sodiqm‘hydroidde solution, and extracted with 2 X 50 ml 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-(24(((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-morpolinvi)carbonvl)amino)ethyl)phenvl)-2-
thiophenecarboximidamide hvdroiodide

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-(((phenvl)amino)carbonvlpropvioxv)phenvl)-2-thiophenecarboximidamide

hydroiodide
(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 ml 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 iayer was 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 sodium hydroxide, and stirred over night at room
temperature. The mixture was evaporated in vacuo, and diluted with water to 250
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step (d)) %b)o ¥y o9& dbb MV iTbropyloxylaniline

A solution of 4-(4-nitrophenoxy)butryic acid, 4.0 g, in 20 ml of thionyl chioride was

refluxed for four hours, 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 mi, 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 mi of 1 N hydrochloric acid, dried
with magnesium sulfate, and evaporated to give a solid. The solid was disoived 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-(((phenvamino)carbonyl)propvioxv)phenvl)-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-(((phenyl)amino)carbonyl)propyloxy)phenyl)-2-
thiophenecarboximidamide hydroiodide, 1.76 g, m.p. 229-231 °C.

Exampie 30
N-(4-(2-(((trifluoromethvlcarbonyl)amino)ethyl)phenvi)-2-
thiophenecarboximidamide

(a) 4-(2-(((trifluoromethyl)carbonvi)amino)ethvl)nitrobenzene

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 ml, 10.66 mmol) dropwise. After stirring for 1

minute, the solvent was removed at reduced pressure and the remaining residue
.
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acetone. the filtrate was diluted to 400 mMl with cold water, and extracted
with a 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-(( (trifluoromethvi Jcarbonyl)amino)ethyl)aniline
To a stirred solution of the product 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-(((trifluoromethvl)carbonvl)amino ethyl)phenyl)-2-
thiophenecarboximidamide .
To a solution of the product of step (b) (0.30 g, 1.29 mmol) in isoprbpanol (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-(((trifluoromethyl)
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)carbonv)amino)ethvl)phenyl)-2-thiophenecarboximidamide

(a) 4-(2-(((methvhcarbonyl)amino)ethvl)nitrobenzene
The above compound was made by the mothod of Example 30 step (a) except that
trifluoroacetic anhydride was replaced by acetic anhydride. 1.28 g of a pale yellow

solid was obtained that was used immediately in the next reaction.

(b) 4-(2-(((methvl)carbonvllamino)ethyaniline
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0a stlrred solution of the product of step (a) (0.82 g, 3.94 mmol) in THF/MeOH

(100 ml, 1:1) was added 4 m! 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 mi). 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)carbonyllamino)ethvl)phenvl)-2-thiophenecarboximidamide
The above compound was prepared following the procedure of Example 30, step
(c). After recrystallization from ethyl acetate/methanol 0.56 g of a tan solid was
obtained. mp. 186-187 °C.

Example 32 _
N-(4-(2-({(phenvimethvl)carbonvl)amino)ethyl)phenvl)-2-thiophenecarboximidamide

(a) 4-(2-(((phenvimethvl)carbonvl)amino)ethyl)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)carbonyamino)ethylaniline

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-(((phenvimethyl 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, 0.45 g of a tan solid was
obtained. mp. 210-211 °C. |

Example 33
N-(4-(2- henvl)carbonvamino)ethvlyphenv])-2-thio henecarboxirr}idamide

(a) 4-(2-(((phenvlcarbonvi)amino)ethyvl}nitrobenzene
-
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"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 190 °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-aminophenvl)benzenecarboximidamide

To a pressure bottle charged with the product of step (a) (8.6 g, 0.024 moles) in
200 m! 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 isopropén'ol and 100 ml of ethyl acetate, the solid was slurried and then collected
by filtration to yield 10.6 g of N-(4-aminophenyl)benzenecarboximidamide
hydrochloride. The N-(4-aminophenyl)benzenecarboximidamide 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 maghesium sulfate.
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(c)_N-(4-(((phenylliminocarbonyl)amino)phenyl )-2-thiophenecarboximidamide
To a'stirred suspension of the product of step (b) (1.1g, 0.0052 moles) in 5 ml of
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isopropanol was added S-methyl-2-thiophenecarboxthicimide 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 mi of ;;vater 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)-Z-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-Dhenvlene)blS-’-thloghenecarbommldamlde hvdrmodude, m.p.
278-279 °C

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

(d) N.N"-(1.4-phenylene)bis-3-chlorothiophene-2-carboximidamide free base,
m.p. 247-248 °C

carboximidamide free base, m.p. 187-188 °C
(5 N-(4-(( (Phenvnlmmocarbonvl)ammo)phenvl)-3-chloroth|oghen

-2-carboximidamide free base, m.p. 213-214 °C
(g) N- Phenvl)iminocarbonvl)amino)phenyl -3-thiophene
carboximidamide dihydrochloride, m.p. 323-324 °C
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(h) N-(3-(((phenyl iminocarbonvl}amino)phenyl)-2-thiophenecarboximidamide
m.p. 295-296 °C

(i) N-(4-(((4-chlorophenyl}iminocarbonyl)amino)phenyl)-2-

thiophenecarboximidamine dihydrochloride, m.p. 296-297 °C

) N-(4-(((2-chlorophenyliminocarbonyvl}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-methylphenyl)iminocarbonylamino)phenyl)-2-
thiophenecarboximidamide dihydrochloride, m.p. 294-294 °C

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

(n) N-(4-(((3.5-dichlorophenylliminocarbonvl)amino)phenyl})-2-
thiophenecarboximidamide dioxalate, m.p. 237-238 °C

(o) N-(4-(((PhenyDiminocarbonyamino)phenyl)-2-furancarboximidamide dioxalate
m.p. 210-211°C

(p) N-(4-(((3-methylphenyl}iminocarbonyl)amino)phenyl)-2-

thiophenecarboximidamide free base  m.p. 205-206 °C

(q) N-(4-(((3-Methoxyphenyl}iminocarbonyhamino)phenyl)-2-
thiophenecarboximidamide _free base m.p. 194-195 °C

(r) N-(4-(((3-Bromophenyl)iminocarbonyl)amino)phenyl 2
thiophenecarboximidamide dihvdrobromide —m.p. 293-294 °C
(s) Ne(4(((3-chlorophenvl)iminocarbonyl)amino)phenyl)-2-

thiophenecarboximidamide dihvdrochloride —m.p. 310-311 °C

(t) N-(4-(((3-methyviphenvl)iminocarbonvl)amino)phenyl )-2-pvrrolecarboximidamide
dihvdrobromide m.p. 210-211 °C

(u) N-(4-(((4-chlorophenyl)iminocarbonyl)amino)phe nvl)-2-pvrrolecarboximidamide
difumarate - m.p. 228-229°C

Example 36

—
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was mxed with water and extracted wi th nethyl ene chlori dej Egpé\@é}wgmsﬁﬁ‘az
The conbi ned extracts were washed with water. dried over ¢ ;1 ' o4
filtered, and concentrated to yield a solid which rec+ySt hi 3ﬁﬂ f999m- ;
met hyl ene chl ori de/ hexane to give SHEt-T HAS BE :
4-(2-(((trifluoronethyl)carbonyl)anm no)eth I)riltroluenzmﬁ@ ast ad white sotH-¢
1.92 g (80%yield); mp. 103-104 [err]C. ié N,

4-(2-(((trif] uoromethvl ani line To a Sﬂ rred sol utlon
of the prodDcf4-(2 1 ) henyl nidi

was added apg modf&éc armunt of 10% Pd/ C. The mixture was hydrogenat ed at

car bonv| )aEn nQ) eth

50 psi for T . trrtered through celite, and concentrated to give 4-
(2- (((trlflmrﬁmmw:mmne whi ch was homogeneous

by TLC and d t el th t
|\£/ (4-( 2a? ( (i;?ng F‘IEI?PTEH?@E Fﬁ? ?%5&58&5 By E\Sﬁa) ?C Hleﬁf)m'fgw%he)nwmme hydrochloride
Lhi ophenecagouidbradid!oe Tx?]g%ﬁi?ﬂ 44d HRafdd WiE 3 ARUEY NIOBL ©Phé feebkedad:

1.29 nnDI) I n 1 sopropano
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, mp 170-172 °C.

(b) N-(2-(4-aminophenvl)ethyl)N’phenvl urea

To a pressure bottle charged with 3.67g N-(2-(4-Nitrophenyl)ethyl)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 mls 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).

(c) N-(4-(2-(((Phenvlamino)carbonyl)amino)ethvl)phenyl)-2-
thiophenecarboxamidine hydroiodide.

To a solution of 430mg N-(2-(4-Nitrophenyl)ethyl)N’phenyl urea slurried in 3 mis 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
ét room temperature. The suspension was diluted in 25 mls 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 combined to
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Exanple 1. step (d)) (0.37 g, 1.29 mml). The—ftxttre—was—s .ﬁg
turned into a solution of saturated NaC (50 ]fhS SH&ET BOSBEEOH ( m’&m
extracted with ethyl acetate (3 X 20 nml). The conBFé85@xtracys
with water, dried over magnesium sul fate, fightered~and—concgntrated to a ..
solid which was recrystallized from hexane/ et hyl acetate to ‘yierd
N-(4-(2-(((tr IgNeLKVU)ﬂ%tdWNQ(#(Z-((ﬁ] n%lammo)carbonyl)ammo ethyl)phe ¥l)-2—
carbonyl ) am no) et hyl ) phenyl t enecar boxi m danmide as a slightly

yel l ow solid: t OPQCGCWB@WlGI"G)hydﬁQ@dldEB!I!LE@ Gel¥fc  Exanple 31
N-(4-(2-(((methyl)carbonyl)am no)ethyl)phenyl)-2-thi ophenecar boxi m dam de
(a) 4-(2-(((rmethvl)carbonvl)am no)ethyl)nitrobenzene The above conpound was
made by the mBsdaefplef37Exanpl e 30 step (a) except that

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

ﬂstir

and

LA
L]
 mnd ot
! i
- ...-n-.n-au-——""’"_

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

Example 38
N-(4-((bis( ghénvlmethvl Jamino)methvl)phenyl)-2-thiophenecarboximidamide

(a) 4-((bis(phenvimethvl)amino)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 mi, 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/ﬁexane) to yield 4-((bis(phenylmethyl)amino)methyl)
nitrobenzene: (1.64 g, 47%); M.S. (M+H)"= 333.
(b)_4-((bis(phenvimethvl)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 conc’entfated HCI (5 mi). 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)
ammo)methy])amlme (0.29 g, 57%) M.S. (M+H)*= 303.

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 hydroiodide (the product of
Example 1, step (d)) (0.26 g, 0.93 mmol). The rhixture was stirred for 14 hr,
quenched with 2 N NaOH (2 ml) and extracted with ethyl acetate (3 X30mi).
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trifluoroacetic anhydride was replaced by acetic anhydride.
pal e yell ow solid was obtained that was used ‘:‘mTE‘d'l—a‘t"e'l"y—ﬁ‘
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The combined extracts were washed with water, dried 6ver magnesium sulfate,
filtered, and concentrated to a solid which was recrystallized from ethyl |
acetate/hexane to yield N-(4-((bis(phenylmethy])amino)rﬁethy])phenyl)
-2-thiophenecarboximidamide as a white solid: (86 mg, 22%); m.p. 127-128 °C.

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

Example 8: _
N-(4-(2-aminomethvl)phenvl)-2-thiophenecarboximidamide hydrobromide, m.p.188-
189 °C.

dihvdrobromide :

(a) 3-(1.2.3.4-tetrahvdroisoquinolin-2-ylmethyl)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, ﬁlte_r'e_c_l__,-l,and conéentrated to an oil. The oil
was dissolved in ether and treated with IPA/HC] 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-tetfah§droisoguinolin-’z-v!methyl)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. The mixture was
hydrogenated at 50 psi for 0.5 hr, filtered through celite, and concentrated to give
3-(1,2,3,4-tetrah§droisoquinolin-2-ylmethyl)ani1ine hydrochloride which was

homogeneous by TLC and used immediately in the next reaction.

thiophenecarboximidamide
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(100 m, 1:1) was added 4 ml of 1 N HO and a.catalytic Epmcm
The m xture was hydrogenated at 50 psi for 4}fgs shett esasee celite
and concentrated to give a solid. The solid S trEnedEDd nto
saturated NaC (50 m) and 50% NaCH (4 m), % '
acetate (3 X 20 m). The conbi ned extractg.were washed with
over magnesium sul fate, filtered and concentrated to a soli

i mredi at el yTpy §ch€t16'|‘?>6f tl’i@ PR of Q&?: %)% (0.90 g, 3.29 mmol) in isopropanol (3
N-(4-(2-((met hvl)carbonvl) m no) et hvl ) phenvl) -2 t hi ogheneca boxi m dam de

The above cmi)iDMH l)m@p%dd@d S-melthmmlqmnpﬂb@@d eximide Ex@mdéd%ﬁhest ep

Sol i o was oBrHMFEaf EpAEIE3 stah LR & F28 o™ R Bixrure: W8 Sirfla for' 2"

!\la( 4- (24( (phehy, qeererbd GAfH2NV NaOH 2)RE) Rind) dkteitvdd withidihylpiteare §30>30m dam
i de .

ml). The combined extracts were washed with water, dried over magnesium sulfate,

i rar e

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-tetfahydroisoquinolin-2-ylmethyl)phenyl)-2-thiophenecarboximidamide
as a white solid: (0.26 g, 16%); m.p. dec >179 °C.

-Example 41

(a) 4=(4-nitrophenvl)-N-(phenvimethyl)butvlamide

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 ml of 2 M potassium carbonate, 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
co'llected. by filtration and air dried to give 4-(4-nitrophenyl)-N-
(phenylmethyl)butylamide mp 133-135 °C

(b) 4-(4-aminophenvl)-N-(phenyvimethyl}butylamide hydrochloride

A sample of the product of step (a), 0.80 g in 20 ml of ethanol and 20 ml 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 0.2 with 15% acetone in
methylenechloride. The mix was evaporated to dryness, and then treated with 30
ml of toluene. The residue was dissolved in 10 ml of THF and treated with 5 mi 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 dropwise,

-_—
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(a) 4-(2-(((phenvl nethvl)carbonvl )am no) et hvl) ni .mﬁﬂ
conpound was prepared followi ng the proced B.—éa‘)""’"'\
except that trifluoroacetic anhydride was agety )
chloride. 1.42 g of a pale yellow salid wag obt-ai-red-t ﬁie@‘“ 1997 \ i
I mmedi ately in the next reaction. (b) -60-
4- (2- ((phenvl met hvl ) car bonvl ) am no) et hvl )anr |i ne The above {conpound \/\@‘g_,_,.--—
prepared by fdnmltggwg dfréiﬁﬁéfods%oﬁﬁﬁﬁ sdiEste! bRy st Eg 3, 2Re ik -
The oil obtained was us i medi ately in the next reac on. (c)
N- (4- (2- (( ( pwesfilteeachand seeatechwithdydregea: chlonidm gas/and 2n oil formed. The mlx
t hi ophenecarb Xi.m T 0 ar ed f.ol.l,owm n
procedure of ™ Feé{nggﬁ F‘Zé’??sc‘%%ﬁ?@%@mﬁrﬁ% gHOprblgF%t _
acet at e/ met h@élﬁis Thetmigwak cdolednos2Di°d R ldirs) thes filfdRed 4hd a?rlénéd? 'id bive
4-(4-aminophenyl)-N-(phenylmethyl)butylamide hydrochloride;
Chloride analysis: calc 20.78 found 20.64
(c) 4-(4-((phenylmethyl)amino)butyl)aniline dihydrochioride
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 gleé.r
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 ether. 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: caic 21.66
found 21.63

(d) N-(4-(4-((phenylmethyl)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 potassium carbonate and treated
with 0.150 g of maleic acid, giving a gummy precipitate. TLC of the precipitate
versus the supernatant showed the precipitate to be a mix of the starting amine and
product, and that the supernatant contained mostly product. The supernatant was

then treated again with 0.150 g of maleic acid, giving a gummy precipitate, and the
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Exanpl e 33 . |

N (4 (2- (((phenvl ) car bonvl ) ami no) et hvl ) phefi] gsagmhm‘?ﬁ&%‘ R B e

(a) 4-(2-(((phenvl)carbonvl)an no)ethvl)ni rohemze 8 18 JAN 1997
_61- Rt e s et Y e A N, g 4= RIS E

remaining supernatant was decanted. The solids were dlssolved in 5 ml of
methanol and precipitated with 100 ml of diethylether. The resulting gummy
precipitate 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-thiophenv))iminomethyvl)amino)methvl)phenvl)-2-
thiophenecarboximidamide difumarate

(a) 4-aminomethylaniline
To a solution of 4-nitrobenzylamine hydrochloride (9.0g, 0.0477) in methano'l_

(200ml) 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 methylené chloride (3x100rnl).
The combined extracts were dried over magnesium sulfate, filtered and
concentrated to give 4-aminomethylaniline as an oil (6.1g).

(b) N-(4-((((2-thiophenvl)iminomethyl)amino)methyl)phenyl)-2-
thiophenecarboximidamide difumarate

To a stirred solution of 4-aminomethylaniline (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)methyl)phenyl)-2-

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

Example 43
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The above conpound was prepared follow ng the procedure of weﬂéﬁﬁ,srmp
(a) except that trifluoroacetic anhydri € '
1.77 g of a pale vellow solid was obt ai hedistIwaET was B

| i i @t g7t He'
next reaction. (b) 4-(2-(((henyl)carbon I)anﬂﬁﬂi}*@?‘ﬁvl ani | em;@gﬁ? ‘o
conpound was prepared by an anal ogous p [ L.n Exanpl e
8. step (b). The oil obtained was used i m@2diately in the Eext reaction. '

(c)

N (4- (2- (( ( pHenfollowing comppundswiest prepppetd by l2) processi anategoss 40 3bat of Bxample
The above co]gpound was prepared follow ng the procedure of Exanple 30, step
(c). After r¥crystallization fromethyl acetate/nmethanol. 1.10 g of a tan

solid was 0t(h?!N'-Eﬂ(B-ﬂ-Eyrrbﬂ@inﬂ;ﬁﬁrdﬁl?!ph@nvl)-gﬁ&%ﬂ@d ®oRifmidamide dioxalatei m.p.
I\I—(L(((phenyll38|1r:r519no%car onvl)am no) phenvl) -2-thi ophenecar boxi m dam de

(b) N-(4-(2-((4-methoxyphenylmethyl)amino)ethyl)phenyl

-2-thiophenecarboximidamide free base, m.p. 144-145 °C

(c) N-(4-(2-((4-methylphenvimethyllamino)ethyl)phenvl)-2-
thiophenecarboximidamide _monohydrochloride, m.p. 225-226 °C

(d) N=(3-(2-((3-phenyipropvllamino}ethyl)phenvi)-2-thiophenecarboximidamide
dihvdrobromide m.p. 183-186 °C

(e) N-(3-(2-((2-methviphenvimethyl)amino)ethvl)phenvi)-2-
thiophenecarboximidamide free base m.p. 114-116 °C

() N-[4-(2-((1-indanvl)ethvl)amino)phenyl i
m.p. 95 °C (dec)

trihvdrochloride . m.p. >250°C

dioxalate m.p. 226-227°C

Example 44

dihvdrobromide

(a) N-(2-phenviethvl )-3—nitrog.heny]acetamide

2.50g (0.0138 moles) of 3-nitrophenylacetic acid were refluxed in 25mis of thionyl

chloride. The solvents were evaporated and the residue taken up in 50mls 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. The product was analyzed by MS
and NMR.

(b) N-(2-phenylethy)-2-(3-nitrophenyl)ethvlamine
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(a) N-(4-nitronhenvl)benzenecarboxi ni dani de To_a Stirred sdiREALAREMENT SHEET
benzonitrile (25 m) was added a catal ytic a R$HERT HAS BEEN F -

di met hyl ani nopyridine. To this was added 4-ritrogesildces hydr b SniJad 199 o
g, 0.57 noles) and the reaction then heated hours. The
reaction m xture was allowed to cool and 6§5 i sopropanol was—addedA
solid was coIIected by filtration to yiel'd 8.6 g of

Nt oPREERIRGPE N A el @4 MOEIMISI B g,
t he productTHF \sasemqaal)f.(@nﬂ af, IM BéransTHE) The R00was hedtedadhraflok fore3
SN e L SR T R
}‘ !s|0|to; g:);(rjlgl andt};%losﬂjé/g?hgte ?ARB ;‘%tgte g?téa-@dtﬂgee ?éi?qwas G?ralgg‘gma E%vhegé]
col | ected treddishtiqaid. ofhe ilywad Uasiﬂi)edswgho‘zM NaOH and the product extracted with
N-(4-am nop?x(ga%ll %Pﬂé%ec'?ﬂg %)xgglargnc %yers 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- henylethyl)-N~(2-(3-nitrophenyl)ethy] trifluoroacetamide
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)trifluoroacetamide, 3.3g, as an oil.
(d) N-(2-phenylethyl)-N-(2-(3-aminophenylethvDtrifluoroacetamide
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-(2-(3-aminophenyl)ethyl)
trifluoroacetamide, 2.88g, as an oil.

dihvdrobromide

To a solution of the product of step (d), 2.88g (0.00857 moles) 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 filtered off and discarded. The wash
was evaporated and the residue dissolved in minimal methanol; the_solution was
basified with 2M NaOH and heated to 50 °C t'or 30 minutes. The deprotected
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hydrochl ori de. The N- (4-am nophenyl)benzenec I dam de
was di ssolved in 100 m of water and 20 m OF;"E.M
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magnesi um sul f at e.

Evaporation of the solvent cave solid p_r&gluct N-(4 am nop
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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: ' o

(a) N=(4-(2-aminoethyl)phenyl)-2-pyrrolecarboximidamide djoxalate m.p. 145 °C
(dec)

S)-N-(4-(2-((1-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
dihydrochloride m.p. 197 °C dec ' _
(c) (R)-N-(4-(2-((1-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
free base, m.p. 92-94 °C '
(d) N-(3-(2-((4-phenylbutyl)amino)ethyl)phenyl)-2-thic henecarboximidamide
dihydrobromide, m.p. 136-139 °C

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

(a) 4-((( phemlmethm)carbonxl )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 hours, the mix was treated
with 200 ml of hexanes, and the precipitated solids were collected by filtration. The

" crude product was dissolved in 150 m! of hot methanol, filtered, diluted with 250 ml
of water, and cooled. The resulting solids were collected to give |

4-(((phenylmethoxy)carbonyl)aminomethyl)nitrobenzene, m.p. 92-93 °C.
(b) 4-(((phenylmethoxy)carbonyl)aminomethylaniline
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stirred suspension of the product of step (b) (fﬁ)ﬁgﬁd £8) JAN itk \
of isopropanol was added S-nethyl-2-thiophene zg_fhﬁﬁ'sﬂi de hydroiodide j 1
(the product of Exanple 1, step (d)) (1.5 ? 0. 0054 nol es)gnd—-the-reaction |}
was stirred for 48 hours. The solid was ¢S ected by filtrat)on, this—was—"

di ssol ved i Il I s U i um
v oxi de aqieEuin Sees (R Rl Hedba SR Bl ibeR0 abi dtia It OF
acet ate (| Ofsthanol"Fhe ngirture wab areated with' platinomesulfide o Tatbon; 0l97a¢, andnd
subsequent eva&oratio of the_sol vent gfg%e a crude oil. The crude oil_ was

di ssol ved i Heatedwitho0Rpsi OF Rydrogan gpgy atters2( houesy theymixtprshwas fleredand sol i d
crystallize S: .Gl ' ' . .
Lo (((phoSyfRtaliRlintels TRe reblale wht BissOfjed 1 SORBC0E Eiher, and dited with,
dried at 80héxanef @of200 mkhThe mixture Svas théd Stifredrfp£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 product 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 cooling and treatment with 150 mi of
ether a tacky precipitate resulted. After stirring overnight at room temperature, the
resulting solids were collected by filtration to yield
N-(+(((phenylmethoxy)carbonyl)aminomethyl)phen)"l)-2-thiophene carboximidamide
oxalate, m.p. 150-160 °C

Example 47 |
N-(4-(2-((phenylmethyl)amino)ethoxy)phenyl)-2-thiophenecarboximidamide

hydroiodide
(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 HCI and 200 mI 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 separated, and
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Exanpl e 35 The foll owi ng conpounds were prepared foll ow ng a nethod

anal ogous to that of Exanple 34: (a) /”;;gg;\
N -N'- (1. 4-phenvl ene) bi s- 2-t hi ophenecar boxi|fHttashate Hng g@%—p’—‘\
278-279 [err]C (b) N-N'-( 1. 3-phenvl ene) bi §- 2- t KEtipltene arﬁom m cﬁln‘ggr
mp. 219-220 [err]C-(c)

N. N - (1, 3- phenvl ene) bi s- 2-chl orophenvl ca@oxi m dam de di | eat e M _Pam
200-201 [err]C (d) —
N. N'- (1. 4- thleeethyleave}dte dayr ovds adrizgidhwith sedien? sulfate oTheredlayli utiers Was m p.

247- 248 C.(e S e .
N- (4- ((( [26%4%8&6&;%‘ of Per2THRSRIYING 7 PROTPRIPRFCIRitLS formation. After 20
car boxi m dgifes iHeeMPRES wakied Wit -1088nl 8f Sdtbirated 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~n1trophenoxy-N-(phenylmethyl)acetamlde m.p.
125-126 °C, 3.76 g.

(b) 4-aminophenoxy-N-(phenylmethvl)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

(c) 4-(2-((phenvimethvl}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 m! of 1 M diborane in THF. The mix was warmed to reflux for
three hours, treated with 40 ml of 6M aqueous HCl, and reﬂu_xed.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-
((phenyimethyl)amino)ethoxy)aniline, MS = 243, 98 % by capillary electrophoresis
(d) N-(4-(2-((phenvimethvl)amino)ethoxy)phenyl)-2-thiophenecarboximidamide
hvdroiodide

A sample of 4-(2-((phenyimethyl)amino)ethoxy)aniline, 0.81 g and S-methyl-2-
thiophenethiocarboximide hydroiodide (the product of Example 1, step (d)), 1.42 g
were combined in 10 m! of isopropanol and stirred for 7 hours at rocom
temperature. The resulting white solids were collected by filtration, washed with 10
ml of isopropanol, and dried in vacuo to provide white solids, N-(4-(2-
((phenylmethyl)amino)ethoxy)phenyl)-2-thiopheneéarboximidamide hydroiodide,
m.p. 193-195 °C.
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(f) N (4-(((Phenvl)im nocarbonvl)am non) phenvl | - 3- chl or pt-hi.ophene
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Example 48 _

N-[4-(((Diphenvlamino)carbonyl)amino)phenyl |-2-thioghenecarboxamidine
 hydrochloride

(a) 4-[Diphenylamino(carbonyl)aminolaniline

To a stirred solution of 1,4-phenylenediamine (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)aminojaniline: (0.49 g, 17%); M.S. (M+H)*=
304, | ' |

(b) N-[4-(((Diphenvlamino)carbonvl)amino)phenvi -2-thiophenecarboxamidine
hydrochloride |

To a solution of the product of step (a) (0.49 g, 1.62 mmol) in isopropanol (10 mi)
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-({benzovl)amino)phenyl)-2-thiophenecarboximidamide oxalate
(a) N-(3-nitrophenyl)benzamide '

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 m! (52 mmol) of benzoyl chloride in 25 ml of methylene chloride. The

reaction mixture was allowed to stir overnight and the organic phase was separated
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(“H) N-(3-(( phenvl)im nocarhonvfl am no~nhenvrl - 2-t hi nphenegarmi T |
mp. 295-296 [err]C (i) N (4-(((4-chlorphenvf)rmmocarbo )

t hi ophenecar boxi m dam ne di hvdrchl ori de m p T"Q@éﬁggfg %\é%“ o

N- (4- (((2-chl or ophenvl )i ni nocar bonvl ) ani no) phenIEf+%£ 18 JAN
t hi or phenecar boxi m dam de di oxal ate. mp. 166167 C (k)
N-(4-(((4-bronmoshenvl )i m nocarbonvl)am no) nvl) - 2-

t hi ophenecar boxi m dam de di oxal ate mp. 2736-237 C (1{)}
N-(4-(((3-chl X -f‘ga(@ b rRapVv L .
t hi ophenecar bﬁ‘??‘n’ﬁs am dgﬂ%\%%‘%ﬁ:g@ﬁ eﬁﬂ{]rrpﬁlggﬁﬂ%ﬁ gpzfégce%trated to give
N- (4- (((3. 5- d3.88gh(BR)hafnthe| titlecompauid)rMB) 2431 Mdx-Fenv! ) - 2-

t hi ophenecar b&ﬁ'ﬂ:g%%igg t(ljénof%le%;aemid@ p. 226-227 [err]C
This compound was prepared following a process analogous to that of Example 30
step (b). MS 213 (M+H).

(c¢) N-(3-((benzovl)amino)phenyl)-2-thiophenecarboximidamide oxalate

1997

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-((benzovlamino)phenyl )-2-thiophenecarbo)_cimidamide hvdroiodide
(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-aminoghengl)beﬁzamide |
~ This compound was prepared following a process analogous to that of Example 30,

step (b). MS 213 (M+H). |

(c) N-(4-((benzoyllamino)phenyl)-2-thiophenecarboximidamide hydroiodide

This compound was prepared following the procedure of Example 26, step (b) and

was recrystallized from water, m.p. 234-5 °C.

Example 51

N-(3-({(phenvlamino)carbonyl )arﬁino )phenvl)-2-thiophenecarboximidamide oxalate
(a) N-phenvl-N'-(3-nitrophenyl) urea

To a solution of 5.0 g (36 mmol) of m-nitroaniline in 40 ml 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-phenvl-N’-(3-aminophenvl) urea

- This compound was prepared by a process analogous to that of Example 30, step

(b). Slurring the isolated product in ether afforded a solid product, m.p. 199-202

- °C,
1i!|a,ced
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(n) N-(4-(f(3.5-dichlorobhenvl)im nocarbonvl
t hi ophenecar boxi m dam de di oxal ate. mp. 2
N (4- (((Phenvl)i m nocar bonvl)am no) phenvl)
mp. 210-211 C (p) N-(4- (((3-net hvl phen I '

t hi ophenecar boxi m dam de free base mp. 205-206 [err]C (Q)
N-(4- (((3-Met hoxvphenvl )i m nocar bonvl )arggno) phenvl) - 2-

t hi ophenecar boxi m dam de free base m p 194- 195 [err]C (r)
N-(4-(((3- :) )

t hi ophenec R 01T O m |

N-(4-(((3- @h]lzﬁeophenvl )i m nocar bonvl ~am no' rnhenvP) 2-
t hi ophenecar boxi m da de di hvdrochl ori d

C
N- (4- (((3- T eempauRd| quwfﬁee'éﬁdo I‘”Hé&rfebﬁol”&‘igﬂ‘&fe) 2 -’f‘HW?oﬁeé‘eﬁpb@)‘i Fb§ani d
e di thr.Oberé“bg?e WP cortvitiedlth the oxalate salt in isopropanol, 208-210 °C.

Example 52
N-(3-(((4-phenoxylbutyl)amino)carbonyl)phenyl)-2-thiophenecarboximidamide
oxalate
(a) 3 mtro-N—(4—ghenovautvI)benzamxd
This compound was prepared following a process analogous to that of Example 49,
step (a). MS 315 (M+H).
(b) N-((3-(4-phenoxyibutyl)amino)carbonyl )aniliﬁe 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-phenoxylbutyhamino)carbonyl henyl f2-thid henecarboximidamide
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.

N-(3-(((4-phenyvlbutvllamino)carbonvl)phenvl )-2-thiophenecarboximidamide oxalate
(a) 3-nitro-N-(4-phenylbutyl)benzamide

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

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

This compound was prepared following a process analogous to that of Example 52,
step (b). MS 273 (M+H). |
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(c) N-(3-(((4-phenvlbutylamino)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)phenvl)-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)carbonvl)methyl)phenyl)-2-thiophenecarboximidamide
This compound was prepared following the procedure of Example 30, step (c), m.p.
157-161 °C.

Example 55

(a) N-pvrrolidinyl-(4-nitrophenyacetic acid

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

of 100 ml of methylene chloride and 100 ml of 20% potassium carbonate was added
- dropwise 7.3 g (36.5 mmol) of 4-nitrophenylacetyl chioride in 25 ml of meihylene

chloride. The reaction mixture was allowed to stir overnight and the organic phase

was separated and washed with dilute hydrochloric acid. The solvent was

concentrated to give 6.26 g (73%) of the title compound, m.p. 103-5 °C.

(b) 4-(2-(1-pvrrolidinvl)ethyl)nitrobenzene

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

221 (M+H). '

(c) 4-(2-(1-pvrrolidinyl)ethvl)aniline
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N(4- (2- (((Phenvl am non) car bonvl ) am no) et hvl ) phenwylj—2 -t ] M—ﬁQHEET
i di ne hydroi odide (a) N-(2-(4-Nitrophenvl) dtrhis SHeepHes BEEN ¢ RERHY

running the reaction, a 3.09g sanple of 4-nit ropEEMFE@m ne dr¥ml\}mg@ i
ase‘,

was dissolved in 20 ms water and treated Wth—36—ntS—2N1e
was extracted with 2x75 nls diethyl ether. The ether |aver a__c_i_r_l_gd__oy e
magnesi um sul fate, and the volune of the gther was reduced upder vacuumto .
-60 ml's. To this solution was added 1.81g of phenyl isocyanate-dropwise.

The white sofyidsofh 8&:1&%?1';1%15&%6%“@@!& age &;rbeewero%% epl@@4f Sepl(By. ¢S
hours, then were coOl | ected byflltratlo washed with her. Air ‘drying

left 3. 679 N—9(11M#H)N| trophenyl ) et hyI ) N phenyl urea. mp. 170-172 [err]C.
| :

(b) N-(2-(4 )£ Jaoht! e charged
vvlth367gIQ-8 “‘

Amea- 2SS of a 50/ 50
vol ume m x Qﬁm@bmhéTHF was added a cat aI ytic armunt of _
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-piperidinyvl-(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)ethvl)nitrobenzene

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

(c) N-(4-(2-(1-piperidinvi)ethvianiline

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

dihvdrochloride
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-pvrrolidinyl-(4-nitrophenvl)propenamide

This compound was prepared following the procedure of Example 55, step (a), MS

247 (M+H). _
(b) 4-(2-(1-((pvrolidinvi)carbonyl)ethvl)aniline
\_KH
This Sheet Has Been R

I i

s mean



5% Pd/ C. The m x was hydrogenat ed under 50 psi hydrogen ga <
the catalyst was filtered and TLC showed startjng materi a RNQRM? GYE
spots. The solvents were renoved by evaporay,q,gslH@ETa aeutyand the
resul tant solid was taken up in nethanol, a SX £ EaS BER 'ﬁg@
added. The sol ution was ‘quenched with et hz% ‘
solids were collected by filtration. The lids were trea B
2N NaOH. an

| ayer was d?lhed‘% nt'é mag ne r?l%s% ﬁ}\ﬁg%‘f‘ﬁdé g&%@%é %%%Erga%%%a y Iow
solid; I\I—(Zzigl(mn-ngphenyl )et hyl) N phenyl urea (430 ny). (c)

N-(4- (2 (((Phenvl am no).car bonv] ) am no) et th)phenvI) 2-

t hi ophenecafHdkbi{Riralidinvipropgantline dihydrgehlogidey of 430ny

A conol %éﬁﬁﬁwf’%‘@m‘ AR g e OB R 1 3081 B o

(the producﬂxtqﬂrdih&irlﬂﬁsalt freﬁeahéd:)l)mﬁh%l*ﬁk@vas stl rred for 16 hrs

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

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

Example 58
N-(4-(3-( l-m’peridinvl)grogﬂ)ghenvl)-2-thioghenecarboximidamide dioxalate

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

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

(b) 4-(2-(1-((piperidinvl)carbonylethyl)aniline

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

(c) N-(4-(2-(1-piperidinvl)propvianiline

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).

dihvdrobromide

(a) 4-nitro-N-(2-isoquinolyl)phenylacetamide
To a solution of 4-nitrophenylacetic acid (5.43 g 930 mmol) 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 g, 32 mmol).
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at room tenperature. The suspension was dil uted in 25 ms i
and the solids were collected by filtration

The solids were recrystallized from net hanol /ef
col l ected and conbined to : S
-57- give 470 nmg of N-(4-(2-(((Phenyl amﬂo)car bony

Ty
esy §eify 1097
hyl ) phenyl ).- 2-

The reaction mixture was allowed to stir for 18 hr. The reaction mikfure was

%*D

t

washed with dilute hydrochloric acid and dilute sodium hydroxide, dried, and the
solvent was concentrated to give a solid. Tﬁturation with ether gave the title
compound, m.p. 137-9 °C. | |

(b) N-(4-(2-(2-(1.2.3.4-tetrahydro)isoquinolyl)ethy)nitrobenzene

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

(c) N=(4-(2-(2-(1.2.3.4-tetrahydro)isoquinolylethyl)aniline

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

(d) N-(4-(2-(2-(1,2.3.4-tetrahydro)isoquinolyl)e enyl)-2-
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- henvimethvl)amino)methylcarbonvl)amino)phenvi)-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 ml 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-((((phenylmethyl)amino)methylcarbonyl)amino)nitrobenzene

The compound of step (a) (4.28 g) and benzylamine (2.5 ml) were combined in

DMF (10 ml) with potassium carbonate (3.2 g) and stirred at room iemperature for

.
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[ ophencar boxam di ne hydroi odi de, mp. 216~239{e«r]C EX
ol l owi ng conmpound was nmade by a process angiHogoMEETiHAS BEEN
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N-( 4 REPLACED

- (2- ((phenvl am no) car bonvl ) oxv) et hvl )phenvl —2=t-htophereearho |1r18da!A|Ndlgg7
p. 222-224[err]C Exanple 38
(

(

- ——

e

m
N-
4-
g

4- ((bi s(phenyl net hvl ) am no) net hvl )phenv V- 2-t hi ophenecar OXI m dam de (a)

bi s(phe h 11 < 1

(bisp @»1%6{1'%% g}g%&p)@s Bltboed & eg,moas&fed Ritf e tha AR KTD fif). (Thé
combined filtrates were slowly diluted w1th 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) 4-((((phenylmethyl)(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)amind)methylcarbonyl)-amino)-
nitrobenzene, MS (M+H) = 282.
(d)4-((((phenylmethyl)(trifluoromethylcarbonyl}amino)methylcarbonyl)amino)aniline
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)(trifluoromethylcarbonyl)amino)methylcarbonyl)amino)-aniline,
MS (M+H)=352.
(e) N-(4-(({(phenylmethyl)amino)methylcarbonyl)amino)phenyl)-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
carbohate (1.1 g). The TLC with 15 % methanol in chloroform 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 to remove

IIl
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carbonate (3.22 g, 23.30 nmol) followed by b oni 23 g@Ti
: . ENTSH

mmol ). The m xture was allowed to stir for 2|tlaysHeciuesde L‘

extracted with ethyl acetate (3 X 50 m). Thg cortsrngckpextrlaf e1g§a’sh

with water, dried over magnesium sul fate. fiH-ered—econcentk i@dﬁhd

chromat ogr aphed over silica gel (20%ethyl acetate/hexane) to yield
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ml of methanol. The solution was treated slowly with water until solids precipitated. -

D

’EW

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 o
N-(4-(2-(((2-FuranylYmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
dioxalate

(a) 4-Nitrophenyl 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 standing 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 mi) 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 in 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 hydrochloric acid.
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(c) N-(4-((his(phenvl nethvl eam no) net hvl ) nhenyl | - 2-t hi onhe
To a solution of the product of step (b) (028

(6 M), was added S-nethyl-2-thi ophenet hi oc rbo%h’l%%ééz
product of Exanple 1, step (d)) (0.26 g, O. m] )
stirred for 14 hr. quenched with 2 N Naqil (2 M) and extracteﬂ wth ethyl
acetate (3 X 30 m). 6- B

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 produdt 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).
(c) 4-(2-(((2-furanyl)methylamino)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 ﬁltéred aﬁd 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 treated with saturated
IPA/HCI (10 ml). The white solids were filtered and washed with isopropyl alcohol
to leave 4-(2-(((2-furany1) '
methyl)amino)ethyl) aniline dlhydrochlonde (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). 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 organic layers were collected and
washed with water (2 x 200 ml). The organic layer was dried (MgS(_)4), filtered and

concentrated. The crude product was purified on a silica gel column eluted with
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The conbi ned extracts were washed wi th

filtered. and concentrated is a solid %lch% ' “fTom et
acet at e/ hexane to yield N (4-((bis(phenty G WIWQ

- 2-t hi ophenecar boxi m dam de as a white solid: p 127-128 g i
[err] C. Exanmol e 39 The fol | ow ng corrpouneﬂ‘lmas prepar ed. QLLMﬁg"a"

process anal ogous to that of.Exanmp : N
N (4- (2-am no%%% n@m;hylenwlﬂmdmeaammdmm eellated Shd ﬁmq;@trmqsi. 5138

189 [err]C.. arFéﬁ,mhﬁhZWas 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-Pyridy])methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide
trihvdrochloride, m.p. decomposes >250 °C.

(b) N-(4-(2-(((2-Thiophenyl)methyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide dioxalate, m.p. deco;nposes >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
(2) 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).
(c) N-(4-(((2-thienyl)carbonyl)amino)phenyl)-2-thio henecarboximidamide oxalate
This compound was prepared following the procedure of Example 7, step (¢). The
free base was converted to the oxalate salt in isopropanol, m.p. 231-3 °C.
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3-(1.2. 3. 4-tetrahvdroi socui nol i n- 2- vl mét hvlnﬁtgé’sseggﬂp efTo 3-nitrobenzvl
chloride (2.00 g, 11.66 mml) in DMF (25™nt Badded p 4535 qegdonat e
(1.93 g, 13.96 mmol ) foll owed by tetrahydroi soqui .. 55 1.66
mml ). The mixture was allowed-to stir for-78 hr. dunped; i rta ”vatc. atrct

wer e washed

extracted with ethyl acetate (3 X 50 m). The conbi ned

wth water,
oil. The oil
3-(1.2 ,3.4-

r magnesiumsul fate, filtered, and concentrated to an

m %EXQQH:’E‘O 51%?) yhami ) ttﬁ\ﬁ .etnOI JZEfﬁ/l (3 Egar %zﬂ'ﬁlgir!e

(1.96 g, 55%oxakte. 196-197 [err]C. (b)

3-(1.2:3.4- tetrahvdr0| soaw nol i n-2-vl rrethvl)an|1|ne hydroochl oride To a
stirred sol u{@bA(6f ylampinejcashony)s Qnijrobenzeng ol ) in TH F/ MeOH

(100 nt, L 1>rd@§uﬂ%9%shﬁmﬁasmmo%eﬁ%ﬂﬁ@f,y&r%émi{dg (125, 8 3¢ Hofor} B

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 (MgSO0,), filtered, and concentrated to yield a solid which was
recrystallized from ethyl acetate/hexane/methanol to give
4-((((dxphenylammo)carbonyl)ammo)-methyl)mtrobenzene as a white solid: 1.37 g
(72% yield); m.p. 137-138 °C.

(b) 4-((((Diphenyvlamino)carbonyl)amino)methyvl)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-((((Diphenvlamino)carbony)amino)methvl)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 were washed with water,
dried (MgSQO,), 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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hydr ogenated at 50 psi for 0.5 hr, filtered-through celit
concentrated to give 3-(1.2.3,4-tet rahydrmelﬂ)ﬂ#EE'?WNs"EEE&
hydr ochl ori de whi ch was honbgeneous by TLC andepiaegpi MEJi
reaction. (c) N-(3-(1.2.3.4-tetrahvdroi sOatitre-R-2-\] Net

t hi oohenecar hoxi m danm de
- 59_ "79'

N-

difumarate

a) 4-(aminomethylaniline

To a solution of 4-nitrobenzylamine hydrochldride (9.0 g, 4.7 mmol) in methanol
(200 ml) was added a catalytic 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-thiophenyl)iminomethyl)amino)methyl)phenyl)-2-
thiophenecarboxamidine difurarate :

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)) '(4.4 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)iminomethyl)amino)methyl)phenyl)-2-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-thiophenvl)iminomethvDamino)ethyl\phenyl)-2-

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

Example 68 )
N-(4-(({(3-methylphenyl)iminomethvl)amino)ethyl)phenvl)-2-

thiophenecarboxamidine difumarate
a) N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboxamidine
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To a solution of the product of step (b) (0r96~g—3.29 mupl) in isopropan
(3 M)/DW (1 m) was added S-nethyl - 2-t ni opthes sktETOLRy oL S6 dRMENY SHeE

(the product of Exanple 1, step (d)) (0.94 g, J3{REQLAUED|). _
stirred for 14 hr, quenched with 2 N NaCH ([2‘ mH—enRe—exiLa e\c/j\’agmejme'?gyl i
acetate ( 3 X 30 m). The conbined extracts were washed w yodried e

over magnesiumsulfate, filtered. and chiggmat ographed over silica gel..(8%
met hanol / met hvl ene chloride) to yield the title compound a _t'he free base. .;

Treat ment VW & sbiodionBst 4Lhﬁiiﬁtfadhwiﬂe dihydrochloride (1.4 g, 6.6 mmol) and S-
1.2.3,4-tetrahvdroi soqui nolin-2-vl nmet hvl 3’ ( thFophenec r%nom m dam de

as a white rgqhyldz-.tlygptz@qjyiom;dmifig ,hydmiggi?i%ggé ;Zy,-oducEnﬁﬁx_am_pﬁ 1, step

N (4o (40( (Rbsyvd 28! 79! Ay BNEY (16 i W4k baed HyRRR"GSY £ %6 B! Yhe
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-thi0phenecarboxa.1ﬁidine
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.

Example 70

N-(4-(2-(( pyrimidin-2-yl)amino)ethyl )phenyl)-2-thiophenecarboxamide
dihydrochloride
2-(4-nitrophenyl)ethyllpyrimidi-2-ylamine

To a solution of 4-nitrophenethylamine hydrochloride (2.0 g, 9.8 mmol) in
dimethylformamide (20 ml) was added potassium carbonate (10 g) and 2-
chloropyrimidine (1.6 g, 1.4 mmol). The mixture was heated to 100 °C for 24 hours,
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(a) 4-(4-nitrophenvl)-N(phenvl nethvl Thut vLani.de A éamﬂ e o ENT SHEET
4-(4-nitrophenyl)butyric acid, 2.09 g, di <&g|s\/§¢54rrpm§(g5gh 0
di chl oronet.hane was treated w th benzvl anijn kiflAcep g1 Vviing |s Qen Yi
solids. The nmix was treated wi th di phenyl phes-phgm_au_de.,_Z SuE, Agﬂdlgg m
of dioxane and on stirring for 4 hours it becanme clear. Thenj x was di
with 100 ml of ethyl acetate and washed twice with 100 m off 2 M potassiu
carbonate, then 100 m of 1 M hydrochl orge acid. The organi T was
dried with magnesi um sul fate and evaporated to give solids. The solids were
di ssol ved gilutkdOvith wakerc(30DRINR eaftctad dwide with @ih)&tahyiata,crhfleﬂ &V1gdQg), cool ed
to give white solids; these solids werd coIJ ed b iltr 0 d ar
? ] |) ed E o gfiltered aod aoncespaiad, 1o viekha crydecsq) m%mhy%?%é cﬂ"p‘ 2‘9@5135 'C
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gget ate m9y§1ﬁﬂ@;tgylamlﬁah9dl4ycglmﬂe5 % pal adi um on carbon and pl aced under
pSi

b) [2-(4-aminophenyl)-ethyl]pyrimidi-2-ylamine _

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 yield 1.3g of [2-(4-aminophenyl)-ethyl]pyrimidi-2-ylamine.

¢) N-(4-(2-((pvrimidin-2-yl)amino)ethyl)phenyl)-2-thiophenecarboxamide

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 product 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 (MgSO,), filtered and concentrated.

The hydrochloride salt was made from methanol and isopropanol to yield N-(4-(2-

((pyrimidin-nyl)amino)ethyl)phenyl)-z-thiophenecarboxamide dihydrochoride. mp
191-192 °C.

Example 71
N-(4-(2-((phenylmethyl)amino)ethoxy)-2-fluoro-phenyl )-2-thiophenecarboximidamide
a) 3-fluoro-4-nitrophenoxvacetic acid

A sample of 3-fluoro-4~nitrophen_ol (5.18 g) and potassium 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 ml) and water (40 ml) and allowed to stir. After an additional two
hours, the mixture was diluted with water to 200 ml and the solids ﬁ[tered off. The
filtrate was acidified and the solids collected to give 3-fluoro-4-nitrophenoxyacetic
acid, m.p. 90-92 °C.
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of hydrogen. TLC after one hour showed a new Rf 0.2 wi Vh.acer.one

I n nmet hyl enechl ori de. The m x was evapor at ed/;::c'w:ﬁ\an\ Mﬁ‘%%gNggHEE’r

with 3Q m of toluene. The residue was dissof ved aggd, "Ha HEzanj

treated with 5 ni of 1 Mlithiumalum'niumhw ri tf) JANVI9
f

a clear solution. After one hour at roomtenperature 2M sodi um
hydr oxi de was added dropw se,
- 60- 8-

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-
phenylmethyl-3-fluoro-4-nitrophenoxyacetamide, m.p. 128.5-130 °C.

(c) N-(4-(2-((phenyimethyl)amino)ethoxv)-2-fluoro-phenvl)-2-
thiophenecarboximidamide _

The product of step (b) was converted to N-(4-(2-((phenylmethyl)amino)
ethoxy)-z-ﬂuoro-phenyl)-2-thiophenecarboximidamid'e 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-({phenvimethvlY{ methvDamino)ethyphenvl triﬂuoroacetim_idamide

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 mixture (125 ml), giving
N-(4-(2-((phenylmethyl)(methyl)amino)ethyl)phenyl)-trifluoroacetimidamide, as a
tan solid, m.p. 105-107 °C.
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chloride gas, giving &
filtered and air dried to glve
4- (4- am nophenyl) - N-(phenylnethyl)butvlan1nde hydr ochl ori de
anal ysis: calc 20.78 found 20.64 (c) -83-
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4- (4- ((phenvl met hvl ) am no) but vl ~ani | i ne di hvdrochl ori de A sanple of the
product of @.ﬂm(b) was suspended in 5 m of THF and treated with 5 m of 1

M 1ithium a1 um n‘%%gﬁ}\églé?%?fbﬁgrlﬁsl (Aldrich) giving a clear solution. The

m xt ure was war |"Ux hours, then cool ed. The sem solid nass
was diluted with diethyl eher to 20rr1 and then 1 m of 2M sodi um

hydr oxi de was added dropw ol | o N4i| an of anhydrous sodi um

sul fate. After stlrrlngfor the i xvvasflltere]d and the solids
were washed with

wherein

D represents phenyl, pyridinyl or 2 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(CI-IZ),,NHC.ORs or -(CH,),NHC(NH)R®;

R® and R* independently represent hydrogen, alkyl C1 to 6, -(CH,),A, -(CH,).0A
or -CH(CH,)(CHp)A;

or -NRR* 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 C1 to 6, -(CH,)A or

-O(CH,).A; . :

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 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;

n and r independently represent an integer in the range 0 to 6 inclusive;
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t hi ophenet hi %B(W Eﬂéﬁgnﬁgﬂfﬁfﬁié&% (ay}ﬁféérgpgt’?ﬂe % p (d) )

0.44g were c |ned IFsopropano -‘"' 60 err After 2
hours, TLC vmmhre;pBeSﬁntseam:megerlm thhlrangé 2rtonSoinchisivera showed that the

starting anil | ney m)“gl consuned, and tha.t here&q\ﬁls%g oped a new
spot of | ower IQP gePﬁ ¥ TeRTesent AN, mtpgerdn the gpn car bonat e,
and extract edg yé L};rgsa,ttgtx{, iftegé Pﬁ%e?&ﬁg@ﬁ*’&hﬁfcﬁﬁe? extract was dried with

10 g of potassi um carbonate and treat
X represents O or a bond;

Z represents O, NR? or a bond;
R’ represents hydrogen or alkyl C1 to 6;
provided that:

a CI—S methyl

(a) when D contains a heteroé.tom, it is not connected to the remainder of the
compound of formula I through the heteroatom; |

(b) . when R? represents -X(CH,),ZCONR3R* 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;

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

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

(8 when R® represents -(CH,) NHC(NHDR®, 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 represents phenyl, thiophene,
pyrrole, furan 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
Clto 6.

3. A compound as claimed in claim 1 or claim 2, wherein D represents
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with. 0.150 g of naleic acid, g|V|ngagumw_\9\eC|p|tate TLC of the -

precipitate versus th thg. LREEMENT SHEET
the starting am ne and produ at the séb‘@ '

product. The supernatm n treated & 'W‘ !
acid, giving a gunmy Wﬁmg Hﬂ”the :

thiophene, furan or pyrrole.

4, A compound as claimed in any one of the preceding claims wherein R?

represents -X(CH,) NR°R* or -(CH,), NHC(NH)R®.

5. A compound as claimed in any one of the preceding claims wherein R?

repreéents -X(CH,) ,NR’R*, X represents a bond and either -NR?R* represents

1,2,3,4-tetrahydroisoquinolinyl or 1-indany! or one of R*® and R* represents -(CHsz

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)R®, 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)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(1-((phenylmethyl)amino)methyl)phenjl)-Z—thiophcnecarboximidamide;
N-(4-(1-((phenethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((2-chiorophenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
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-thiophenecarboximidamide;
N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide;
N-((4-morpholinylmethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(((phenylmethyl)a_mino)methyl)phcnyl)-z-thiophenecafboximidamide;
N-(4-(2-(((2,6-dichlorophenyl)methyl)amino)ethyl)phenyl)-2-thiophene
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rgnai ni ng super nat We S
nmet hanol and preci pi w th 100%
gurnny preci pitat e m w,mmmﬂ (

200 mM giving a cl ear*

20 M of diethyl et her and dried in vacuo Jgg. provide
N (4- (4- ((phenyl met hyl )am' no) but yl ) phenyl ) -2- thi opheneca
di mal eate. m parbddmikRif€rr] C Exanple 42 '
N-(4-((((2-thi ophenv(ﬁ)zl m nonet hv] ~am no) et hvl ) phenvl ) - 2- '

t ni ophenecar b2 ﬂombwmgwammﬁmﬁm line To a sol ution

of 4- n'trObenMo%ﬂbﬂ&achﬁﬁfd&nﬁﬁé'de (9.0g, 0.0477) in nethanol
N-(3-(2-((Phenylmethyl)ammo)ethyl)phenyl)-3-th_10phenecarbo:_nmldamide;
| N-(4-(2-((2,6-dichlorophenylmethyl)amino)ethyl)phenyl)
-3-thiophenecarboximidamide;

poxi m dam de

N-(4-(2-aminoethyl)phenyl)-3-thiophenecarboximidamide dihydrobromide;
N-(4-(2-((2,6-dichlorophenylmethyl)amino)ethyl)phenyl)-2-furanocarboximidamide;
N-(3-(3-(1-pyrolidinyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-aminoethyl)phenyl)-2-furocarboximidamide dioxalate;
N-(4-((1-piperidinyl)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((1-pyrrolidinyl)methyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(((phenylmethyl)amino)methyl)phenyl)-2-t1ﬁophenecarbo:dmidamide;
N-(3-((amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-((phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(3-(2-(Ethylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(3-((Phenylethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-(((2-Bromophenyl)methyl)amino)ethyl)phenjl)-z-
thiophenecarboximidamide;
N-(3-(2-(Phenylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(Ethylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(2-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(1-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(t-Butylam1no)ethy])phenyl)-2—th1ophenecarboxlmldamlde,
N-(4-(2-(n-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-(Methylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-(1-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-(t-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide;

. N-(3-(2-(2-Propylaminc)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide;
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(200m) was added 20 of IPAHC and a catal ytic armunt a B4 et u it
on carbon. The mxtu;nmw;g%eﬁi\at 50 SI for 4h SREPLACEBEE'BSHEET

t hrough celite, conce to a solid:- The ab ot-~euaS Then di ssol Yed
in 300m of water and @ Mlg hydrot[ sebad $d Jistk 4997
net hyl ene chl ori de (3xI*00nl i ned extracto iFe |dbiefi over
magnesi um sul fate. filtered and cdncentrated to gi vVEé Z—anji-megethyrantTT ne

as an oil (6.19). t hi ophenecar boxi m danggde difunmarate [[o_a.stit+red
sol uti on of 4-am nonethylaniline (1.6g, O. 0013mm|) in (10m)

di met hyl f or MR B 12 thyl Fw‘g pldhead8stind -2-
t hi ophgnethl o?a%gxfﬁn%th% lﬂ?)glho I d ﬁﬁ?qe product of Exaér%peal step (d))
(4.4g, 0.01BH(3-(D Iﬂﬂylammq)ﬂéy’t)nbenvé)a%mpbemarmﬁm:damdh;r s. The reaction

o oo A fo R0 25 e PRar A MBS SRy BREyi 5. SO 1 9o col fected bY
thiophenecarboximidamide;
N-(4-(3-(2-(1,2,3,4,-tetrahydro)isoquinolyl)propyl)phenyl)-2-thiophene
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-chlorothiophene-
2-carboximidamide; |
N-(3-(2-((N-Phenylmethyl-N-methyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide;
N-(4-(2-((N-Phenylmethyl-N-methyl)ammo)ethyl)phenyl)-Z-thlophene
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-Chlorophenyl)methyl)amino)propyl)phenyl)-2-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)jcarbonyl) propyloxy)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((phenylmethylamino)carbonyl)ethyl)phenyl)—Z-thiophenecart_:o:dmidamide;
N-(3-(2-((phenylamino)carbonyl)ethyl)phenyl)-2-thiophenecarboximidamide;
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N-(4-(3-((phenylamino)carbonyl)propyl)phenyl)-2-pyrrolecarboximidainide;
N-(4-(3-((phenylamino)carbonyl)propyl)phenyl)-Z-furocarbo:dmidamide;
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)-Z-thiophene
carboﬁdmidamide;
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—morphoh'nyl)carbonyl)ethyl)phenyl)-Z-methylthiazole-4-carbo:dmidamide;
N-(4-(2-(((4-morpolinyl)carbonyl)amino)ethyl)phenyl)thiophene-2-carboximidamide ;
N-(4-(3-(phenylaminocarbonyl)propyloxy)phenyl);Z-thiophenecarbom'midamide;
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)phehyl)-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-2-chlorophenylcarboximidamide;
N’-(1,4-phenylene)bis-3-chlorothiophene-2-carboximidamide;
N-(4—(((2-methoxyphenyl)iminocarbonyl)amino)phenyl)-2-thiophene
carboximidamide; '
N-(4-(((Phenyl)iminocarbonyl)amino)phenyl)-3-chlorothiophene-2-carboximidamide;
N-(4-(((Phenyl)iminocarbonyl)amino)phenyl)-3-thiophenecarboximidamide;
N-(3-(((phenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide;
N-(4-(((4-chlorophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamine;
N-(4-(((2-chlorophenyl)iminocarbonylJamino)phenyl)-2-thiophenecarboximidamide;
-
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The follow ng- corrpounds were prepared by a process._an
Exanple 17: (a) N—( THIS SH ETHE%BEEN

-pvrrolidinvl )pronv - phenvl car boxI nxgpaAT: dio
C (b) N (4-(2- (( I thyl).am.ao)..e.t-hw-)-p-he
- 2-t hi ophenecar boxi-m da Wﬂ!ﬂ e, mp. 144-145 C (c)

N- ( 4- (2- (( 4- met hvl nhenvl et hvl <am noI et hvl ~ohenvi ) - 2-
t hi onhenecar boxi m dam de nonohvdrochl ori dggg.m p. 225-226
N (3-(2-((3-phenvl propvl ) am no' et hvl | nhenvl I'- ?-t hi onhenecar boxi m dam de

di hvdr obr omi dH pRényl Gnﬁﬁl:arbon l)ammo)phenyl)-2-th10phenemrbmnm1dam1de
N-(3-(2-((2- rret envI rrethvl)am nﬂ% Hvl)ghenv
t hi onhenecar bi¥&i4nk ﬁhleéo‘f"r@%t yiphenyhiginacar qr})d)@pp)phenyl)a-ﬁuophene

N-t4-(2-((1- 'Eﬂ‘ﬁaﬁﬁlﬁﬁlﬂi’de) am no~hhenvl | - 2-t hi onhenecar boxi m dam de
di oxal at e,
N-(4-(((3,5-dimethoxyphenyl)iminocarbonyl)amino)phenyl)-2-

thiophenecarbo:dmidamide;
N-(4-(((3,5-dichlorophenyl)iminocarbonyl)amino)phenyl)-2-
thiophenecarboximidamide;
N-(4-(((Phenyl)iminocarbonyl)amino)phenyl)-2-furancarboximidamide;
N-(4-(((3-methylphenyl)imiﬁocarbonyl)amino)phenyl)-z-
thiophenecarboximidamide;
N-(4-(((3-Methoxyphenyl)xmmocarbonyl)ammo)phenyl)-z-thmphene
carboximidamide;
N-(4-(((3-Bromophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide;
N-(4-(((3eMorophenyl)ixﬁinocarbonyl)amino)phenyl)-Z-miophenecarbo:dmidamide;
N-(4-(((3-methylphenyl)iminocarbonyl)amino)phenyl)-2-pyrrolecarboximidamide;
| N-(4-(((4—chlorophenyl)iminocarbonyl)aminb)phenyl)-2-pyrrolecarboximidam_ide;
N-(4-(2-(((Phenylamino)carbonyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(4-(2-(((phenylamino)carbonyl)oxy)ethyl)phenyl)-2-thiophenecarboximidamide;
N—(4—((b1s(phenylmethyl)ammo)methyl)phenyl)-Z-mxophenecarbmnmxdannde
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-((((Z-mlophenyl)xmxnomcthyl)ammo)methyl)phenyl)-Z—
thiophenecarboximidamide;
N-(3-(3~(1-pyrrolidinyl)propyl)phenyl)-phenylcarboximidamide;
N-(4-(2-((4-methoxyphenylmethyl)amino)ethyl)phenyl)
-2-thiophenecarboximidamide;
N-(4-(2-((4-methylphenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-((3-phenylpropyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-((2-methylphenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
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ridvl) methvl)am no~et ~ -t i epnecar hoxi m d 'MEH
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N-(4.-(2-(((2-thienvi bphe dajm
de di oxalate mp. 26- )227[err] C Exanple Ap A enfﬁaSRﬂxﬁg? : !
N- (3-(2-((2-phenvl et hvl ) am no) et hvl )phenvé - 2-t hi ophenecaribpxi nm ";
di Ihvd;ob][om de (a) N-(2-tohenvlethvfl-3-nitrorhenvl acet ag%ﬁ;éﬂ%w
noles) o m"@,@ affih ; onyl

chl ori de. ?ﬁgl (gc«i;nt S EIHy«‘?va o@g\?‘ggﬁgﬁgmdﬁyﬁ%ﬁgés%}géém aken [ ny50n1 s of
THF before N-(&i(:)g((@pﬁ@dyl)mtﬂayb)aminq)hﬁlyb)lphgnjdmfthlqmeaeeatbexinddmpldese at 0

Lerr]C TheN-(4-(2-(((2-thxenyl)mcthyl)ammo)ethyl)phenyl)-2-th10phenecarbomm1dam1de,
N-(3-(2-((2-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;

N-(4-(2-aminoethyl)phenyl)-2-pyrrolecarboximidamide;
(S)-N-(4-(2-((1-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
(R)-N-(4-(2-((1-phenylethyl)amino)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-((phenylmethyl)amino)ethoxy)phenyl)-2-thiophenecarboximidamide;
N-(4-(((diphenylamino)carbonyl)amino)phenyl)-2-thiophenecarboxamidine;
N-(3-((benzoyl)amino)phenyl)-Z—thiophenecarboximidamide;
N-(4-((benzoyl)amino)phenyl)-2-thiophenecarboximidamide;

- N-(3-(((phenylamino)carbonyl)amino)phenyl)-2-thiophenecarboximidamide;
N—(3-(((4-phehoxylbutyl)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)-2-thiophenecarboximidamide;
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)isoquino_lyl)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((((phenylmethyl)amino)methylcarbonyl)amino)phenyl)-2-
thiophenecarboximidamide;
N-(4-(2-(((2-furanyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((2-Pyridyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((2-'I'hiophenyl)methyl)émino)ethyl)phcnyl)-2-thiophenecarboximidamide;
N-3-((aminocarbonyl)pheny!)-2-thiophenecarboximidamide;
N-(4-(((2-thienyl)carbonyl)amino)phenyl)-2-thiophenecarboximidanride;
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N- ( 2- phenvl et hvl ) - 2- (3-ni trophenvl ) et hvl am g™
-63- ' - -91-

N-[4-((((Diphenylamino)carbonyl)amino)methyl)phenyl]-2-thiophenecarboxamidine;
N-(4-((((2-thiophenyl)iminomethyl)amino)methyl)phenyl)-2-
thiophenecarboxamidine;
N-(4~((((2-thiophenyl)iminomethyl)amino)ethyl)phenyl)-Z-miophenecarboxamidi;le;
N-(4-((((3-methylphenyl)iminomethyl)amino)ethyl)phenyl)-2-
ttﬁophenecarboxamidiﬁe;
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-thiophene
carboximidamide; _
N-(4-(2-((phenylmethyl)(methyl)amino)ethyl)phenyl)triﬂuoroacetimid_amide;
N-(4-(2-((ethyl)(phenylmethyl)amino)ethyl_)phenyl)-Z-thiophenecarboximidamide;
N-(4-(2-((propyl)(phenylmethyl)amino)gthyl)phehyl)-z-thiophenecarboﬁmidamide;
N-(4-(2-((1,1-dimethylethyl)(phenylmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide; '
N-(4-(2-((3,4-dichlorophenylmethyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide; '
N-(4-(2-((3,5-bistriﬂuoromethylphenylmethyl)amino)ethyl)phenyl)—ZQ
thiophenecarboximidamide;
N-(4-(3-(ethylamino)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(diethylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((3-chlorophenylmethyl)amino)ethyl)phenyl)-benzenecarboximidamide;
N-(4-(2-((3-chlorophenylmethyl)amino)ethyl)phenyl)-3-chlorothi0phene-2-
carboximidamide;
N-(4-(2-((4-methylphenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;

| N-(4-(2-(piperonylamino)ethyl)phenyl)-2-thiophenecarboxamidine;
or a pharmaceutically acceptable salt of any one thereof.
10. A pharmaceutical formulation including a compound of formula I, as
defined in claim 1, or a pharmaceutically acceptable salt thereof, in admixture with

a pharmaceutically acceptable diluent or carrier.
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To-a stirred solut'rern—ei-_t_he_p%%f st 448g, (0.
80m dry THF was added m of 1M or?ﬂn /nf ggw
reflux for 3 hours 10 'O 9

followed by 20 m of 3 ‘mﬂ@“mwmmnutlon mas-nal%iﬁg 34’;2@”
under vacuumto Ieave a‘reddi’sh i quid. The oil was basTTTe

and the product extracted with 3x50m of EtOAc. The organic {ayers were
conmbi ned, dried over magnesiumsul fate ari#- evaporated to | eave an oll. The

oi | was dissol ved,in HCl / npl s ti,qn. \Wite soljds forned and
were col | egﬁed bf;fcpmﬂpélf‘fjcﬂsf% Bf gal’il—‘%ﬁg‘ed inclaim 1, ora p*larmaceutlc ly
phenvl et hvlgced, téBleruailtrmEF&if}’ferisE)ﬂs Afrmacetifieal, M p.  196-200 " C. (c¢)

N- ( 2- phenvl et th ) N-(2-(3-nitrophenvl)jethvl)trifl uoroacetam de To a slurry

of the proddet. ofUst eha comporndxf formuniok =3 defined llll claddnd, Vdﬂmutqzromd(a)e

(or e c bt dPats e BpermdR A o Kl oL Y s B 80 Gl

dropwi se. Ahedicaméninforithe treatientio haﬁmd&g&:diﬂﬁi&hﬁdrd&i Br of BigMAdebr ftd
t he

dfe

Q. QLo
<

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 (€) to (h), or a pharmaceutically acceptable salt
thereof, to a person suffering from such a condition.

14. A process for the preparation of a comﬁound of formula I, 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

/U\ I

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 corresponding compound of
formula IV

N
III IV

/
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The o.r ganic

product extracted WWWH hane.

conbi ned. dried over nesi um su and evaporated to |

N- ( 2- phenyl et hyl )- N w’ l)eth m“ﬂ'j’%f

an oil. (d) N(2- phenm ”M @ﬂ amn nheny& g
3:-3;

To a solution of the product df st (c), _ of THF and_
nmet hanol was added a catal ytic anmount of 9§0% Pd on car TTeI’ T hour
under 50 psi hydrogen. the reaction was ¢onplete. The cat aI wars—fT1tTer ed
of f and thevrfe@ément@ aS\iRfRed i dlajh 1, cave

N- (2- phenyl et hyl ) - N- (2- (3- am nophenyl )et hyl) trifluoroacetamni de, 2.88g, as
an oil. (ewith a compound of formula V

N-(3-(2-((2-phenvl et hvl)am no) et hyl ) phenvl ) - 2-t hi ophenecar boxi m dam de

di hvdr obr oni de To a sol ution of Rhe pr c;“of step (d), 2.88g (0.00857
noles) in 15 m i sopropanol was | . 349" of

S- et hvl - 2-t hi ophenet hi ocar box&*m > ydr oi odi de (¥he product of Exanple 1,
step (d)). The mixture was stirre room t enperature

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

TREPLAGEMENT SHEET

ddrﬂ)aﬂi?éme

(¢) 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,),OA or -CH(CH3)(CH2),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

Ri

| “ﬁ/"”z
"zN(CHz)q‘©/ ! Vil

wherein D, R! and q are as defined in claim 1,
with a compound of formula VIII

"NH

)'ks Vil

L R

wherein R® is as defined in claim 1 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

This Sheet H.
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for 16 hours then_a solid yellow residue wWeg of f :
The wash was evapor at ed and theresi-due dijsSH Shstrig E GEMENT S
é‘tﬁﬁs;ier ']' flor 30 m nutes.| !

thgl JANel

.solution was basifi and heat ed f&
The deprotected I ’,'rm, s extracte

the organic Iayers were co

;
f! ] e

: . NY"“: :
ua.u,n(cuz)'_®/ ] I X

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

with a compound of formula X

wherein R® 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,

"Y““z
L°°2(°Hz)nx® [ X

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

RER*NH X1 1

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

R1

“Y““z |
HzN(cHz)"x‘éj/ ] X111

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

with a compound of formula XIV

RER*N(CH,) COL X1V

wherein R?, R* and s are as defined in claim 1 and L is a leaving grbup,

This Sheet Has Been R
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washed wi th 2x50m dr| ed O gnés' sul fate and &
| eave an oil. The fr/s M sol ved |,n anol

HBr. Solids fornmed ws of et hyl aﬁ?ﬁbtl&s%g-
col l ected byflltratlonto give rrgof fremn SPLACED
N (3-(2-((2-phenyl et hyl ) am no) et hyl)phen&) 2- Tt{HRioy
di hydrobrom de salt. mp. 137-139 [err] C: Exanpl e 45 The f

conmpounds re p epared by foll to.t I
44: (a) N §I°§’B?(i’é’t‘f3&|)°r}%°ﬁygﬁof’é’c‘§ﬁﬁg Oqli’zﬁ*cg'és di oxal at eam)p.e

145 [err]C X??% OR5 reacting a compound of formula XTII with a compound of
(S)-N(4-(2- env‘Fet hvb¥am' no%et hvl ?phenvl ) - 2-t hi ophenecar bOEI m dam de

di hvdr ochl dosmdanrX¥. 197 [err] C dec

R°COL XV

wherein R® is as defined in claim 1 and Lisa 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-L 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,),NR’R®,
and p is not less than 2, by reduction of a compound of formula XVII

R1

"Y““z
XVi1l
RSMNco(CHz)p_,x‘@/ f .

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

(k) preparation of a compound of fdrmula I wherein R? represents

-X(CH,),NR’R* and both R® and R* represent hydrogen, by reduction of a
~ corresponding compound of formula XVIII '

R!

NH, '
No,(cu,),xm XVItlI

wherein R!, D, p and X are as defined in claim f,
M 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 compound of formula XIX

- This Sheet Has
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(c)
(R -N-(4-(2- ( envI e 0) et hvl )phenW'?sﬂsg

free base m p Pep, 7hHA BE;
N-(3-(2-((4-p ﬁ thvl)phenyl)- -thlo
di hvdr obrom de m : r]c. Exanpl € -

CEﬁeca
de oxal ate (a) 4-(((phenvlnet hoxv) c&rhonv mgmet th)nlt
sanpl e of 4-nitrobenzyl am ne hydroc de, g, and 200 x| xof water was
treated with sodi um bi car bottCHz)s he i xure was treated with 50 m of

ethyl acetate, and then benzyl chloroformate, 4 m. After 4 hours, the mx

vas treated w Lhe 3P R D BRSH'Ee o @tilddinRidif P'dnd!2 FepRlsiS R NR,

collected by fi
wnh 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

"\\I/"“z
o-c-n-(cu,)nx@ [ . XX I

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

A{CH,),OH XX11

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

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

]

L/[]\3 XX111

NR3R4

wherein R? and R* are as defined in claim 1
(0) 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

S
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crude product was di':':nl ved in 150 M of met-trarot—itii calivd:
with 250 ml of water, and cool ed. The resul"t‘$ﬁ EEJHASIBEENe) rEplLACEM

gi ve 4-(((phenyl net onmet hyl ) fEPHA P zene}
[err]C (b) 4- (((phentmmamg ﬂlﬂﬂﬂmw ) am nonet vl J Nt T Te
-65- The product of step D § was treated with 10 m
and 100m of _ 97-

. " _
RJ-N-CH(cnz)’_'xm XXV

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,),NRR®,
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‘l

. “! N
A“”'!)r-l'““"'(C"Z),XA@/NT" XXy

wherein RY, A, D, T 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

: NH, '
Ao(cnz).-u-cu-n-tcn,),xm XXVvi

wherein R!, A, D, p and m 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,),A in which
r represents an integer 2 to 6, by reduction of a compound of formula XXVII

R‘l

| ' ”ﬁ/’”‘z
A(cuz),-,conu(cuz),p@/ ! XXVI1

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
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met hanol . The mi xture Was—treated w th platinum sulflde on carbon, 0.97

and treated with 5? h drogen gasr—after—2o0-tours *he‘r?‘l“?‘t‘"gr ET

filtered and evapo m he r tENE SHERRHAR BELh| || REPLACEME]

ether, and dil uted 200 . THe PR ure Was[Then s “u‘ég;fi

five days and filtered to glve * ' 18 JN

4- (( (phenyl net hoxy) car bonyl ) am nonet hyl )ani | i ne, mp. 60- [err] C (c)

N-(4- (((phenvl et hoxv) car bonvl ) am nomet hv”Pphenvl ) - 2-

t hi ophenecar boxi m dam de oxal ate The J oduct of step (b),

S- et hyl - 2-t hi ophenet hi ocar boxi m de hS/ de yyt he pr oduct of Exarrpl e 1,
[ §‘ﬁ

step (d)), 1.0 g, were conbined in 6 robanol andy gyijnried at 30
[err]C. After 4 hout®{CHphe 1RP84(SHe), gCi pigt at ed with ether, giving
gummy solids which were taken up in 10 of hot water, treat ed W th

cellite and fiil was _cool.e L Vi my white solids which
were treat e&%ﬁ%‘ gg f%’li%fp gf’ﬂ)ﬂ’ are 8 ganﬁ‘ﬂ a&“%di um bi carbonate. The
ethyl acetate Iaﬁﬂ&&hdﬂé?dedﬁe@@r%&&mhﬁmsmef FbEltat OniRindCoft formdfa 1,

[err]C. The mix was then .
or another salt thereof, to a pharmaceutically acceptable salt thereof, or vice versa.

—————————
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treated with hexanes, and failed to give cr m:glsﬁsETT i .
in vacuo, and the crude free base, 0.7 g, s digEppA FEN HEET

| sopropanol and treated with oxalic acid di ‘

treatment with 150 nl of ether a tacky precipitate resul ted. “H%.ﬁ“rﬂg"'g
overnight at roomtenperature, the resutt9sg-solids were col{ gct

filtration to yield

N-(4- (((phenyl met hoxy)car bon I

am norret th )phenvl ) - 2 t hi ophe e
car boxi m dam de oxal at e X DL , NIFRITE
N-(4-(2-((phenvl net hvl ) am no) et Wﬁg@v v&lﬁgghenecar boxi m dam de
hvdr oi odi de (a) 4-nitrophenoxv- phenvli et hvl)acetam de A sanpl e of
4-ni trophenoxy- N- ( phenyl net hyl )acetic acid hydrazi de (Lancaster), 4.22

Compounds of formula I

wherein _

D represents phenyl, pyridinyl or a S 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 Clto 6; or perfluoroalkyl C1 to 6,

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

R? represents a group -X(CH,),ZCONR’R*, -X(CH,),NHCO(CH,),NRR*,
-X(CH,),NR°R", -X(CH,),NHCOR? or -(CH,), NHC(NH)R;

and X, Z, R%, R4, R’, R%, n, 5, p and q are defined in the specification are described,
together with processes for their preparation and compositions containing them.
Compounds of formula I are useful in therapy.

\
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g,"was treated with 20 nl of 1 Maqueous HO and 200 ml of et
~Jhe m x was cooled to 10 [err] C, and then 1.38 g of sodiumni t;(EFIL%CEMEﬂ@
of water -mas added over 2 minutes. The mix was stirred for 5
| ayers were separated, and the ethyl acetate |ayer

sodi um sul fate. The et hyl acet ate solution,was treated with 5

benzyl am nemig!lw rc]'lgrflvﬂ‘lve 1%%{ H}:agxgldebsryn%ét%@e ﬂttig'it‘?eg 'FG L7 0927?

_ This invention relates to amidine derivatives, processes for their preparation,

compositions containing them and their use in therapy.

Certain nitrogen containing compounds have been described 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 synthetase in the treament of disease has
also been described, for example, in International Patent Applicatioris WO 94/12163
(Abbott) and WO 94/12165 (Wellcome) (both published after the earliest priority
date of this apphcanon) and European Patent Application 446699 (Merrell Dow)..

Amidine derivatives have been described for use as herbicides in German Patent
Application DE-0S-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 Applicé.tion 2226562 (Boots). N'N”-
disubstituted amidines are described for use in the treatment of hypertension,
depression and halliconogenic states in International Patent Application WO
92/04054 (University of Oregon). The use of certain symmetric bisamidines as
analgesics, in the freatment of inflammation and in the treatment of hypertension is
described in UK Patent No. 1180629 (Delalande).

A number of. patent documents describe processes for the preparation of
amidines or describe 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 intermediates in the preparation of useful
benzimidazole 'dérivaﬁv;s. Processes for preparation of other simple N-aryl and N-

~ heteroary] amidines are described in US Patent 3299081 (Merck) and fluorine




V

- fm'nutes the m x was washed with 100 ml of saturated sodi uhgpiROBRERT sHEER

100 M of 1 MHC (aqueous). The ethyl acetate |ayer was tl Jop
The solids were dissolved in 50 m of acetone, and precipit egiﬁvv'Ngv Yggzer
- The solids were collected by filtration to provide '
4-ni t r ophenoxv- N- ( phenyl net hyl ) ace-ami de. om p. 125-126 [er]G;
4- am nophenoxv- N- (phenvl net hvl ) acet ani de A sanpl e of the product of step

e

(a), 3.74 gcoN@mih@kfiidide dcﬁvﬁﬁ%ﬂ%’c?esé@éé@i@éhéﬁﬂaﬂﬁﬁcﬂcdlﬁtc@tiﬁMhpancdsc

acetate. The mx was treated wth-0.4 g of 10 % pal | adi um on carbon” an
pl aced undeP2Bwmt Applicgtiondim 222014+ (Missan) gad inplapangsaBatent ARDlisation ip.

concent r at edgg +L.0\ provi de crude 4-am nophenoxy-N-(phenvl net hyl)
acet am de; wé“é?gﬁ%é‘%h C 70.29. H6.29, N 10.93, found C 69.97. H 6. 3.

N 10.90 (c) 4-(2-((phenvl nethtvl)ani no)ethoxv)aniline A solution of 3.2 g

of the product_of step (b) in 40 m of dry THF under N. was
We have now found a new group of amidine dervatives that possesses useful

pharmaceutical activity.

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

g1
_N NH '
2
2 1\ : |
R }
ey D '

D represents phenyl, pyridinyl or a 5 membered heterocyclic aromatic ring

wherein

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,),NHCOR? or -(CH,) NHC(NH)R®,

R® and R* independently represent h_vdrogen, alkyl C1 to 6, -(CH,)A, -(CH,),0A
or -CH(CH;)(CH)A;

or -NR’R* together represent-i=imdanyt: piperonylamino-, piperidinyl, morpholinyl,
pyrrolidinyl, 1,2,3,4-tetrahydroisoquinolinyl; or piperazinyl optionally 4-substituted by
alkyl C1 to 6; o

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

..'O(CH'z)uA;

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



treated with 40 Ml of 1 Mdiborane in THF. The m X was war
three hours. treated with 40.m of 6M aqueous HCL, and reflju o1
hours. The filtrate was concentrated under vacuo to 150 m .
was treated with 100m of crushed ice and neutralised with

'he ¢! px | |
E%W”% ]
the resulting fine solids were coll ected. .g«yashed wi th water |

infrared to give 4-(2- ((phenyl nethyl)am no)ethoxv)aniline.|Ms = 243, 98 %

by capillar : esi d

N a2 (OREGTAE RN SR Bhe or masraBeps sclertes MeRL Bl Gh 9 Sulloaen
hvdroi odi de Mitzanpdm aid diff brbiRReAY| met hyl ) ani no) et hoxv) ani line, 0.81 g
and S-net hyl 22- thi ophenet hi ocar boxi m de hydroi odi de (the product of
Exanpl e 1, skefeRIg§9nts phemylgpyridinylcemsiSragmbsrad hateroeyclis apemptinsing and
stirred for m.t egul tJ it & solids e
col | ected by@ﬁ%?@t ?%on?%\%é%rﬁggg)ﬁ ? %lgﬁ‘%dnf} &gfbr §oapﬂdo§gnwﬁfh §‘ﬁﬁc &’F‘?“é’a%f%
vacuo to prooptitmalipistbstitoleddsy, ofe 0#-midre groups selected from alkyl C1 to 6, alkoxy C1

henyl net hyl ' th henyl ).- 2-t hi oph boxi m dam de hydr oi odi de, -
((phenyl me th g,ahglgg%)neandoggl)fﬁogga%k})d él tCoI6(;)%reprgﬁ{’i‘c;ro(.')a)I(]lyrlnClatr<T:~1 6;e Y r'0| o1 ae

AP el i

n and r independently represent 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;

q and t independently represent an integer in the range 0 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
- compound 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;

(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 -(CHz)qNHC(NH)R‘, R! represents hydrogen and D

and R® have the same definition and represent phenyl optionally substituted by alkyl

C1 to 4 or one or more alkoxy C1 to 3 groups or one or more halogen atoms; or

pyridinyl, then q does not represent 0;



mp. 193-195 [err]C
Exanpl e 48

N-[4- (((D phenyl am no) car bonvl )am no) phenvl - 2-t hi ophene
hydr ochl ori de

A U e A a2 = ’-}
EPLACEM::NT iger|

aR I ne
Vm’j\

4

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 particularly 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 repfesents 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,),ZCONR®R, |
-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 4+indanyt; 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-tetrahydroisoquinoliny! 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 represents



(a) 4-[D phenvl am no(carbonvl)am nolaniline-To a stirred solution_of. .. ———x
1, 4- phenvl enediamne (1.00 g, 9.25 mol) and triethylam ne
nmol ) in nethylene chloride (50 m) was added di phenyl carb
(2.14 g, 9.25 mml). After stirring for 14 hr, the mxture %ngﬁto ;
wat er and extracted with nethylene chloride (3 X 20 m). Th cg I'ned |
extracts were washed with water. dried oveés nagnesi um sul fa{e, filtered— |
concentrated and chronatographed over silica gel (80% ethyl}acetate/hexane)-

R~

to vield 4-[-¢CHaeM| ani no(car bonyl )ani nolaniline: (0.49 g, 7% M.
(MtH) *= 304, (b)

N-[4- (((D phenvl am no) car bonvl ) am no) phenvl ] - 2- t hi onhenecar boxani di ne-

hydr ochl or i deI Wh:gx R repressnto EX{OH, JZ OONR R -X(@EI e W}C@(W@Nﬂ’%z nol )
in isopropang enet hi oc

hydr oi 8dl ge ?‘t(ﬁ:&f% \&J)&tmo‘ﬁ%%%&wf"&f”@gﬁr?ﬁ(@ ergen fa??f}% The

m xture was stirred for 48 hr.

When R? represents -X(CH;;),,ZCONR’R4 and Z represents NR’, we prefer R’

to represent hydrogen.
When R? represents -X(CHZ),ZCONR3R.‘ we prefer Z to represent a bond.

When R? represents -(CH,)NHC(NH)R®, we prefer that R® represents phenyl
or a 5-membered heterocyclic aromatic ring containing 1 to 4 heteroatoms selected
from O, S and N, which two groups are optionally substituted by one or_fnorc
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 substitutad by one
or more groups selected from alkyl C1 to 6 and halogen.

When R? represents -(CHz)qNHC(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 -(CHz)qNHC(NI-I)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°.

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.



¥

dunped into basic water and extracted with et hyl acetate ( '3 XrREPLACEMENTSHEET

conbi ned extracts were washed with water, dried over nagnesiu Tate,
filtered, and concentrated to an oil. Treatnent with I PAHO Vilel 2¢dNOVI 897
(di phenyl am no( car bonyl ) am no] phenvl . 2-t hi ophenecar boxam di ne {hydr ochl ori de

as a white solid: (24 mg, 3.3%; mp. 210s211 'C Exanol e 49t
N-(3- ((benzovl | am no~r phenvl | - 2-t hi nohenecar boxi m dam de oxal ate (a)

N-(3-nit rophenm&eniae%ﬂgcﬁ@ -X(CHLYNFROR* ¥ prefergthab fﬂﬁés)cnw‘ an integer in

3- nltroanlllne i n a_biphasic solut| consi sting of of nethylene

chl ori de andh¢@angs 156 Q@FA‘Ebﬁaﬁsnﬁﬁiaélarlbgrﬁt% W§‘=‘aﬂldéd?fd3 -opwi se 6.0 ni

(52 mmol ) of benzoyl chloride in 25 m of nethylene chloride. The reaction

m xture was allowed to stir overnight and the organi c phase was separated
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® repreasent -(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
L

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 t0 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
pentafluoroethy! or trifluoromethyl, especially trifluoromethyl.

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

We prefer- that the orientation of R? is meta or para to the nitrogen atom of the

amidine moiety.
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and washed with dilute hydrochloric acid. The solv
cancentrated to give 3.83 g (32% of the title conpound,
N-( 3- ani nophenvl ) benzani de This compound was prepared folll
anal ogous to that of Exanple 30

-7 S v 2

According to the invention, we further provide a process fomprcpuat1on of
cempoun ics of formula I, 2nd pharmaceutically acceptable salts thereof, which
comprises: _

(a) preparing a compound of formula I, by reacting a corresponding éompound
of formula II

NH

/U\ .l_l

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

I |V
wherein D is as defined above,
with a compound of formula V
_ g
NH, . HA
N
R v
Z

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

(©) 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



step (b). M5 213 (M+H). (c)

N-(3-((benzovl)am no) phenvl) - 2-t hi ophenecar boxi m dam de o
conmpound was prepared follow ng the procedure of Exanple

free base was converted to the oxalate salt in isopropanol
Exanpl e 50 N-(4-((benzovl)am no)phenvl) - 2-1gi onhenecar boxi
hvdr ni odi de (a) N-(3-nitrophenvl)henzam de Thi s conpound

fol | owi ng a whithesre: anbothonflR? and (Ratepréseixahydrogdd witt 2go -
(MtH) . (b) N L4-am nophenvl ) benzam de This conpound was prepared follow ng
a process andlogous to that of Exanple 30, step (b). M5 213 (MtH).

R&-L VI

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

%%GEMEQIT SHEET

Nétéwmf h* I

ldanm de__

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

-(CH,) NHC(NH)R® by reacting a corresponding compound of formula VII

N NH,
AN
MH(CHZ)“@(T ‘ Vil

wherein D, R! and q are as defined above,

with a compound of formula VIII
)]\ . Viltl

wherein R 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

Rl
N NH, ..
HAHN(CH)-——'®/Y i X
T NP 0

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

with a compound of formula X

wherein R® is as defined above,
) preparing 2 compound of formula I in which R? represents
-X(CH,),ZCONR®R by reacting a corresponding compound of formula X,



(c) N-(4-((benzovl)am no)phenvl)-2-thi ophenecar boxi m dam
Thi s conpound was prepared follow ng the procedure of ExapBER
and was recrystallized fromwater, mp. 234-5 [err]C
N (3- (((phenvl am no) car bonvl ) am no) phenvl) - 2-t hi ophenecar
oxal ate (a) N-phenvl-N -(3-nitronhenvl) urea To a solutio
nmmol) of mnitroaniline in 40 mM of ether %as added 5.0 n
phenylisocyanate. The solution was stirred for 6 hours. Th
filtered to afford 9.2 g (99% of f*he_title cgmpound, MS 258 (MtH). (b)

N-ohenvl - N - ( 3-am nonhenvl) urea THh nﬁ%’nd was preparged by a process
anal ogous to that of ExarSP&l®h).%tEp (b). l',SI urring the isolated product in

et her afforded a solid product, m p.~99-202 :

wherein D, R, X, n, Z and L are as defined above,

with a compound of formula XII,
R*R*NH X1

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

N\/Nl-l2 '
uzu(cu,),,,(__!q/ﬁifl/\D X111

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

CRARUN(CH,),COL X1V

wherein R3 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 corresponding compound
of formula I in which R? represents -X(CH,),ZCONR’R"* and Z represents -NH |
with a compound of formula XVI

R7-L XV I

wherein R’ is as defined above and L is a leaving group,
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() preparing a compound of formula I in which R? represe MRRY,

and p is nct less than 2, by reduction of 2 compound of formula XVII

Rl
X NYNHZ
XV1il
I
R’R‘"c"(c“z)p-xxg L

wherein D, X, R, R}, 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

R'
) A NYNHZ
1 ' Xviti
Noz(CHz)’x__l@/ D |

wherein R/, D, p and X are as defined above,
)] preparing a compound of formula I wherein R? represents

X(CH,),ZCONRR*, Z represents O or NR and R® represents hydrogen by

reacting a compound of formula XIX

R! |
N NY“Z
| ' X1X

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

R*-N=C=0 X X
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 | ‘

R' | _
o N NH,
o-c-n-(cuz)“xAéjY . XX



Thi s conmpound was prepared follow ng the procedure of Exanpl e 30—ste \ELE)\'
The free base was converted to the oxalate salt in i soprofgqpgh ACRMENT S
[*err] C. Exanpl e 52

N (3- (((4-phenoxvl but vl ) am no) car bonvl ) phenvl ) - 2-t hi ophen
oxal ate (a) 3-nitro-N (4-phenoxvbutvl)benzald de This conpo
following a process lanal ogous to that of Exanple 49, step
(MrH) . (b) Nwheseip R nEby6apdpuatd 2udefined akavsonv! ) ani | i ne hydroc '
solution of 7. I - ybut yl - 3-ni t robenzamide and 1 g of 5%
pal | adi um on“@%‘r%gé&?ﬁqﬁg}%‘flmw%anol wi th hydrogen chl ori de added

was hvdrogenated at 45 psi for 4 The tal yst filtered off and the
sol vent was A b.EHz 5].09'{3 ‘o all

9oy INOHA89Re

r
d was prepared

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\ XX

L KR3R*

.wherein R® and R* are as defined above,

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

R‘

' N NH, . '
J N
n&-n-cn(cnz)’_'x__!é)j/\l ) XXI1y

D

wherein 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

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

. R!
NS NYNHZ
: ! XXv
A(CHz)r_‘CH-N-(CHz)px_g I

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



concentrated to give 6.7 g (84% of the title compound. MSr285—IVFH .
N- ( 3- (((4- phenoxvl but vl ) armi no) car bonvl ) phenvl ) - 2- t hi onhene¢&EB

oxal ate The above conpound was first converted to the free
title compound was prepared using the procedure of Exanple

The free base of the title conpound was timsn converted to t

I n isopropanol. M5 394 (MtH), mp. 154-6 [err]C Examml e

o7 o v By

oxal ate salt

o3

N3- (- (((4-phenvl butvl)am no) car bonvl) pitenvl) - 2- t hi ophenecartbex-m-tani-te———

(MtH) .

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

oxal ate (a) 3-nitro-N-(4-phenvlbutvl)b ks conpoun }/\@I‘/Bprepared
foll owing a processcans):QQous - iq chpix—eH- Exa le 49, step (&) 299

(r) preparing a compound of formula I wherein R? represents -X(CHz)pN'R3R‘,

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 XXVII

. Rl
Na NH,
A(cuz),_,couu(cuz)px‘_éj T

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

XXV

“(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
reduction of a compound of formula XXVIIL

YNHZ
AQ(CHy ), CONH(CH,), x—

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

and where desired or necessary converting the resultant

'(CHZ)mOAv b}’

XXvitl

compound of

formula I, or another salt thereof, to a pharmaceutically acceptable salt thereof, or

vica 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

tertiér_v butanol, at a temperature between room temperature and the refiux

temperature of the solvent. The reaction time will depend inter alia on the sqivent

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, triflucrocarbon sulphonic acid, halide, alkyl and ’

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




(b) 3-am no- N (4-phenvl butvl )benzam de hvdrochl oride This WQQQEMSHEET

prepared foll owi ng a process .anal ogous to that of Exanple
273 (M+H)

N (3-( ((4'- phenvl but vl ) am no) car bonvl ) phenvl ) - 2-t hi ophenecar POXI mWam de

1997

-13-

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 placé readily, but
not sufficiently high to decompose the amidine formed. The reaction temperamfe
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 catélyst. 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, particulaﬂy bromide.

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

above for process (a).

Process (e) may be performed under conditions analogoué to those described

above for process (b).




Thi s conmpound was prepared follow ng the procedure of Exanpl
except an equivalent of triethylam ne was al so added. The fr
converted to the oxalate salt in isopropanol, M5 376 (M+H),
[err] C. Exanpl e 54

N- (4- ((((benzvl)ani no) (car bonvl ) met hvl ) phenvl ) - 2- t hi oohenecarlp
(a) N-benzvl - (4-nitro)phenvl acet an de Thi-¥4-conpound was prep r

dU %'

2]&?«0%2

bxi m dam de

‘ShEeT |
1]

edT ol Tow ng

a process anal us to that of Exanple 49, step (a),
(b) N benzvl - ﬁl%aﬁ%%iw\mm(éﬂamaaém@w@

BRder mssrmaaé ke

,-'

the procedukforh ifXRBLE o] LondlS8ubd)or 27 Bnine and a carboxylic acid or an ac:..wated

carboxylic acid to form an amide. For cxample, 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

;hese

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 examplc those described in J March "Advanced Organic Chemistry”

on pages 1103-1104. These include catalytic hydrogenation, use of Zn, Sn or Fe

metal, AlH,-AlCl;, sulphides and others. We prefer to perform the reaction by

hydrogenation at atmospheric pressure for 3-6 hours in the presence of a paﬂadium

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 24 hours.

err G
o g
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N-(4-((((benzvl)am no)carbonvl ) net hvl ) phenvl) - 2-t hi ophenelc: am de
Thi s conmpound was prepared follow ng the procedure of Exapnpl ngmvsqgg‘i( )
mp. 157-161 [err]C. Example 55 N-(4-(-( 1
-pvrrolidinvl)ethvl)phenvl)-2-thiophenecg{qoxi m dani de di nld-ue-bFeﬁﬂi—de—("a')’ ,
N-pvrrolidinvl-(4-nitrophenvl)acetic acid To a solution of 3.12 g (43.9... -
mol ) of pyrr gproBesse(nl rmag b&mphﬁrahﬁeé%haé:i E6hdifess 8haI6gowy toldserldesdribed
nmet hyl ene chl oride and 100 m of 20% pot assi um carbonate was added dropw se
7.3 g (36.5 grast forqarogesses (fopisampidddtyl chloride-in 25 m of nmethyl ene
chloride. The reaction m xture was.allowed to stir overnight and the-

organi ¢ phase was separated and washed with dilute hydrochloric acid. The
sol vent was  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, ég t-butyloxycarbonyl, phenylalkyloxycarbonyl C8
to 13, eg benzyloxycarbonyl or preferably triffuoroacetate. Deprotection will

normally take place 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

J\ | XX 1X

07 “NH,



concentrated to give 6.26 g (73% of the title conpound, TOU
]fll(lz (I-ovrrolidinvllethvl)nitrobenzene This conpound walsR & ﬁ-é"&:ﬂ(
‘ol | owi ng the procedure of Exanple 17, step (c). M 221 Iﬂ)

| o NGV 197

4-(2-(1- nvrrolldlnvlIethvl~an|I|ne
-71- -16-

o)

H
[ R——— T

wherein D is as defined above, B
with an alkyliodide.

The compounds of formula III may be prepared by reduction of a

corresponding compound of formula XXX
. y .
a0

R % 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 compounds of formula XXX 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 ITI. Compounds of formula
V may be converted to corresponding compounds of formula III by treatment with
a base. Compounds of formula Il 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, X1, XIII, XVII, XVIII, XIX, XX, XXIV, XXV,
XXVI, XXVII and XXVIII may be prepared by analogous processes to those

described for the preparation of compounds of formula I

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



Th| s conmpound was prepared follow ng the prcrcedure of ExanmpREPGMGEMENTSHIEST
M5 191 (M+ H) (d) N(4-(2-( I-
pvrrolidinvl)ethvl)phenvl)-2-thi ophenecar boxi m dam de di hv ot ﬂnﬂa¥ 1897
conpound was prepared follow ng the procedure of Exanple 18. step. (b). Thie
di hydr obrom de salt was crystallised fror’w sopropanol and gt

(M+H) . Exanpl e 56

N-(4-(2-(12-- |
di fwdgocfﬂ or IOI (%@%8*33@%?#%4)’%2‘%W% %gil Cc acl Worrpound

was prepar ecjgr_rfcwlﬁhmmng' Ry ber preedradeby totweanphel méthosks dmofsan) pemae.

Compounds of formula XIV 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
Wuts.

The compounds of the invention and intermediates 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, diastereomers, racermates or mixtures.

The compounds of general formula I possess useful pharmacological activity in

animals. In particular, they possess useful nitric oxide synthetase inhibiting activity,




105-7 [err]C (b) N-(4-(2-(l-piperidinvl)ethvl)nitrobenzene ki WQQE&T}'
was prepared follow ng the procedure of Exanple 17, step (c rﬁg—\—z&s—w
(c) N-(4-(2-(1-piperidinvi)ethvl)aniline This corrpound was pr p?g ng 19% 3
foll owi ng the procedure of Exanple 34, step (c). The hydrochlior I sl !
converted to the free base as an oil, g (MtH) - (d) N (4-(2-(
| - pi peridinvl)ethvl)phenvl)-2-thi ophenecar i m dami de di hvdrochl ori de Thi s-

conmpound wasad apaegsected tPOvE Qﬂc{uh ?r%QHBS e Egﬂﬁf}iﬁls hlﬁ-ﬁfrpd sgﬁses-g}e

di hydrochl ori de salt was crystal rom I'Sopro
256- 61 [ err]e@nrditions in which the syn*hesis or 'wersvn*l"e sis of nitric oxide forms a

contributory part; for example, hypoxla,_ e.g. in cases of cardiac arrest and stroke,
neurodegenerative disorders including nerve degeneration 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 neurodégencrative disorders.

Thus according to a further aspect of the invention we provide a compound of
formula I, or a pharmaceutically acceptable salt thereof, for use as a

pharmaceutical.

According to another feature of the invention we provide the use of a

compound of formula I, without proviso (e), or a pharmaceutically
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N (4-(3-(21-pvrrolidinvl)propvl)phenvl)-2-thi ophenecar hoxi xal a
(a) N-pvrrolidinvl-(4-nitrophenvl)propenam de This conpoun WS mwquga
foll owi ng'the procedure of Exanple 55, step (a), M 247 ( : gb) 4- (2-( 51’

-((pvrolidinvl)carbonvl)ethvl)aniline :
- ) 19. —— P i P '

acceptable salt thereof, in the manufacture of a medicament for the treatment of

the aforementioned diseases or conditions. '

For the above mentioned therapeutic indications, the dosage administered will,
of course, vary with the compound employed, the mode of administration and the
treatment desired. However, in geheral, 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
arnount of a compound of formula I, without proviso (e), 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 lactose; 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 those in which
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The enzyme nitric oxide synthetase has a number of isoforms and compounds of
formula 1, or pharmaceutically acceptaﬁl; salts thereof, may be screened for nitric
oxide. synthetase inhibitory activity by procedures based on those of Bredt and Smyder in Proc.
Natl Acad. Sci. (1990) 87, 682-685 and Forstermann 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 nevronal nitric axide synthetase inhibitory activity

Enzyme was isolated from rat hippocampus or cerebellum. The cerebellum or

hippocampus of 2 male Sprague-Dawiey 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 pl of the final supernatant is addcd to each of 12 test tubes

~ containing 25 ] L-arginine solution (of concentration 18 pM 'H-I.;argrmnc, 96 nM

3H.1 -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 bufferat 22°C. To each
test tube was added 75 pl of complete assay buffer (50 mM HEPES, 1 mM EDTA,
1.5 mM CaCl,, 1 mM DTT, 100 xM NADPH, 10 pg/mi calmodulin, pH 7.4) to
initiate the reaction and the reaction is stopped after 10 minutes by addition of 2 mi
of a termination buffer (20 mM HEPES, 2 mM EDTA, pH 5.5).

Labelled L-citrulline is separated from labelied L-arginine by chromatography
over a Dowex AG-50W-X8 200-400 mesh column. 1 m! of each terminated



(a) N piperidinvl-(4-nitrophenvl)propnenani de This conpound{ g REENENESHEET
follow ng the procedure of Exanple 55. step (a), mp. 168-71 gerri€—D)
4(2-(1-((piperidinvl)carbonvl)ethvl)aniline This conmpound wgs R0yd1997
following the procedure of Exanple 34, step (c). M5 233 (Mrh} gp

N-(4-(2-( |-piperidinvl)pronvl)aniline Thpg conpound was prgp '
the procedure of Exanple 17, step (c), mp. 180-5 [err]C (4 N (4-(3-(
1- pi peri di nydakcrionis/adgdd ty by iBdit-dual i efifecsitinnxand desrehmndicomiiradewithithat

conpound was prepared follow ng the _procedure, of Ex l.e 17, ste e). The
di oxal at e sgpp%lﬁp-bﬂ’éﬁgeﬂﬁﬁ&ﬁ%@da}éméﬂfﬁﬂgﬂgpﬁp : 33@4‘( H) .

citrulline is then quantfied by scintllation 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 grva 60%
inhibition of nitric oxide synthetase at a concentradon of 1 uM, is tested in the

assay to verify the procedure.

Screen B
(B)  Screen for macrophage nitric axide synthetase inhibitory activity
. Enzymeg. is prepared; after inducton, from the cultured murine macrophage cell
line J774A-1 (obtained from laboratories cf the Imperial Cancer Research Fund).
JT74A-1 celis are cultured in Dulbeceo’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 pg/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)
and lipopolysaccharide (LPS). The medium from confluent culture flasks is removed
and replaced with 25 mi (per flask) of fresh medium containing 1 pg/ml LPS and 10
units/ml IFNy.  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. ,Cclls 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% (v/v) glycerol, 0.1% (v/v) Triton-X-100, 0.1 xM dithiothreitol and 2
cockrail of protease inhibitors comprising leupeptin (2 pg/ml), soya bean trypsin
inhibitor (10 pg/ml), aprbtinin (5 pg/ml) & phenylmethylsulphonyl fluoride (50
pg/mi). o - -

For the assay, 25 ul substrate cocktail (50 mM Tris-HCl (pH 75 at 20 °C), 400
pM. NADPH, 20 uM flavin adenine dinucleotide, 20 xM flavin mononucléotide,
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N-(4-(2-(2-(1, 2,3, 4-tetrahvdro)i soaui nol vl ) et hvl) phenvl) - 21
ni dam de di hvdrobrom de (a) 4-nitro-N-(2-isoauinolvl)phenvl
solution of 4-nitrophenvlacetic acid (5.43 g 930 mmol) and
t etrahydroi soquinoline (5.6 g, 42 mol) i@.nethyl ene chlori Ot
added 1-(3-di nmet hyl am nopropyl)-3-ethyl carbodiimde hydrochl oride (6.13-g:
32 mol). uM tetrahydrobiopterin, 12 uM L-arginine and 0.025 xCi L-[’H] arginine) is added

to wells of a »6 well filter plate (0.45xM 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-citruiline is separated from labelled L-arginine using Dowex AG-
50W. 150 ul of a 25% aqueous shurry 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-cigulline 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
1C;, (50% inhibitory concentration) of 10 uM, is tested as a standard to verify the

procedure.

ee
© Screen for endothelial nitric oxide synthetase inhibitory activity

Enzyme may be isolated from human umbilical vein endothelial cells (HUVECGs)
by a proccduré 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 confiuency. Cells can be maintained to passage 35-40
without significant loss of yield of nitric oxide synthetase. When cells reach
confluency, they are resuspended in Dulbecco’s phosphate buffered saline,
centrifuged at 800 rpm for 10 mins, the cell pellet homogenised in jce-cold 50 mM
Tris-HCl, 1 mM EDTA, 10% glycerol, 1 mM phenylmethylsulphonylfivoride, 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 centrifuged at 34,000 rpm for 30

mins. The resulting supernatant is stored at -80 °C until use.
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The reaction m xture was allowed to stir for 18 hr. The rea
washed with dilute hydrochloric acid and dilute sodi um hydr
and the solvent was concentrated to give a solid. Triturati
gave the title conmpound, mp. 137-9 [err]C (b)
N-(4(2-(2-(1, 2, 3,4-tetrahvdro)i soqui nol vl yxhvl ) ni trobenzen
was prepared foI | owm ng the procedure of Exanple 17, step (ck, mp. 97-102
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thi onheneoaT Bt ey dae AE Popt el 4P kaybimes GPANUHEPES, 1 mM EDTA
1.5 mM CaCl,, pH 7.4) ar 25 ul of test compound in the buffer at 22 °C. To cach
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
retrahydrobiopterin, pH 7.4) to initiate the reaction and the reacton is stopped
after 10 mins by addition of 2 ml of a termination buffer (20 mM HEPES, 2 mM
EDTA, pH 55). |

Labelled L-citrulline is scparatcd from labelled L-arginine by chrcmatography
over 2 Dowex AG-50W-X8 200-400 mesh column. 1 ml of each terminated
reaction-is added to an.individual 1 ml column ahd the eluant combined with that
from two 1 ml distilled water washes and 16 ml of scintillation cocktail. The L-
cizrulline is then quantified by scintillation counting. .

In a typical experiment, besal activity is increased by 5,000 dpm/ml of sampie
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
penctration. '
Screen D
D) Ex vivo assay for neuronal nitric oxide synthetase inhibitory 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 prepared and assayed for
nitric oxide synthetase activity as described in Screen A-

As a further confirmatory test, a fraction of the cerebellar supernatant was
applied to a 2-5'-ADP Sepharose column (which binds nitric oxide synthetase) and
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Exanpl e 60
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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% eﬁiyme
inhibition in the assay). IC,, values for test compounds were initially estimated
from the inhibiting activity of 1, 10 and 100 uM 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 IC;, 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 zM. Example 48 was tested in Screen A and gave an IC;, value of less than 100
uM. Example 72 was tested in Screen A and gave 17% inhibition at 10 pM. Thus

these compounds are also expected to show useful therapeutic activity.

Cdmpounds 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 potent, produce fewer side

effects, are more easily absorbed, or have other useful pharmacological properties

%00 m ) was treated with triethyl

solids were dissolved, and the |ayers separated. The ethyl



to 100 m whilst hot, and cooled to roomtenperature. Th
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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 rcduced side-effect profile associated with inhibition of

the other isoforms.
The invention is illustrated by' the following exampies:

Example 1

N-(4-(2-((phenvimethvllamino)ethvl)phenvl)-2-thiophenecarboximidamide
-(a) N-(2-(4-nitrophenvl)ethvitrifluoroacetamide

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 ml, 10.66 mmol) drOpmse After stirring for 1
minute, the solvent was removed at reduced pressure and the remaining residue
was mixed with water and extracted with methylene chioride (3 X 20 ml). The
combined extracts were washed with water, dried over rﬁagnesium 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-nitrophenvl)ethvi}-N-(phenvimethvDtrifluoroacetamide

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 temperature 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(i-(4-
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10 mM). The conbined filtrates were slowy diluted with g t

pter—t o150 N
gi ve yellow solids, which were collected by filtration, ardpner;\Eg t g
give 4- ((((phenyl nethyl)am no)net hyl car bonyl ) am no) ni tr penzene, 86
(MtH). (c) 4-((((henvl nethvl) (trifluoromesdhyvl car bonvl) ang nej-rethv-earBortv
am no) ni t robenzene The conpound of step (b) (4.9 g) trifluoroacetic
anhydri de ( gittopHenybedtivl)iNE£phetdviieie])trifidoroherariide aoalioleutiass oilt (9.52 g,
acetate (50 m ), and the mXxture with suspended solids was warned to 50
[err] C over A%t MFn@MhiHY & 83%as then washed with water (50 m), filtered
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sol i ds wer eTood kwmree doluyiohidfithetprodudt ofgrare (¥) (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)triffuoroacetamide which was

homogeneous by TLC and used immediately in the next reaction.

(d) S-methvl-2-thiophenethiocarboximide hvdroiodide

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).
(e)_N-(4-(2-((phenvimethviaminoethvl\phenvi)-2-thiophenecarboximidamide

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 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 (ethyl acetate/hexane) to yield
N-(4-(2-((phenylnﬁethyl)amino)ethyl)phenyl)-Z-thiophenecarboximidamide as a white
solid: (0.17 g, 34%); m.p. 116-118 °C.

Example 2

N-(4-(1-((phenvimethvDamino)methvl ]ghenvi\-z-thiouhenecarboximidamide
(2) N-((4-nitrophenvl)methvDtrifluoroacetamide '

To a stirred solution of 4-nitrobenzylamine hydrochloride (4.06 g, 21.5 mmol) and

triethylamine (6.60 ml, 47.4 mmol) in methylene chloride (30 ml) was added
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98 °C.

(b)_N-((4-nitrophenvi }methvh-N-( phenvimethvitrifluoroacetamide

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

((((phenyl methyl) (trifluoronethyl carbonyl)am no) net hyl car Wgr‘ .

N/

with water, and extracted with ethyl acetate( 3 X 30 ml). The combined extracts
were washed with water, dried over magnesium suifate, filtered, concentrated, and
chromatographed over silica gel (16% ethylacetate/hexane) to give N-((4-
nitrophenyl)methyl)-N-(phenylmethyl)trifluoroacetamide as a colorless oil: (0.50 g,
40%); M.S. M+H)*= 339

(c) N{(4-aminophenviimethvl)-N-(phenvimethv)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-(phenyimethyl)trifluoroacetamide which was
homogeneous by TLC and used immediately in the next reaction.

(d) N(-4-(1-{(phenvimethvilamino)methvl\phenv])-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-2-thiophenethiocarboximide hydroiodide (the product of
Example 1, step (d)) (1.47 g, 5.16 mmol). The mixture was 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 30 ml). The combined extracts
were washed with water, dried over magnesium sulfate, filtered, concentrated and

chromatographed over silica gel (8% methanol/ methylene chloride) to give a solid
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which was recrystallized (ethyl acetate/hexane) to yield N-(4-(1-

((_phcnylmethyl)am:no)methyl)phcnyl)-z-tl'uophenecarboxumrdamzdc as a white solid:
(60 mg, 4%); m.p. 73-74 °C.

Example 3

N-(4-(1-{{phenethvD)aminoYmethvl)phenv])-2-thiophenecarboximidamide
(2) N-(2-phenviethvDitrifluoroacetamide
To a stirred solution of phenethylamine (4.91 g, 40.5 mmol) and triethylamine (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
lavers 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 vield a solid which was
recrystallized from methylene chloride/hexane to give N-(2-
phenylethvl)trifluoroacetamide as a white solid: 6.0 g 69% yield); mp 50-52 °C.
(b) N-{2-ohenviethvl)-N-((4-nitrophenviimethvDtrifluoroacetamide
To a stirred solution of the product of step (2) (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-(Z--phenylethyl)-N-((Lnitrophsnyl)methyl)tﬁﬂuoroacetamide as a colorless
oil: (1.60 g, 98%); M.S. (M+H)*= 353.
(c) N-(2-phenviethv)-N-({ 4-afninonhenvlNrnethvl\triﬂuoroacetamide _
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 give
N-(2-phenylethyl)-N-((4-aminophenyl)methyl)trifluoroacetamide which was
homogeneous by TLC and used immediately in the next reaction.

(d) N-(4-(1-((2-phenvlethvlamino)methv)phenvl)-2-thiophenecarboximidamide
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di oxal ate o giluted with methanol (5 ml) and 2 N NaOI_—I (10 mI) and heated 1o 70 °C for 1

pr. 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-chlorophenvimethvDamino)ethvlinhenvi)-2-thiophenecarboximidamide

(2) Ne(4-nitrophenviethv)-N-((2-chlorophenviYmethvDitrifluoroacetamide

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-
chlorobenzyl 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-aminovhenviethvl)-N-((2-chiorophenvlYmethyDtrifluoroacetamide
To a stirred solution ofthe product of step (a) (2.31 g, 5.96 mmol) in THF/MeOH
(100 m}, 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-chlorophenyl)methyl)triflucroacetamide which was

homogeneous by TLC and used immediately in the next reaction.
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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 acerate ( 3 X 30 ml). The combined extracts were washed

ilde To a
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with water, dried over magnesium sulfate, filtered, concentrated and
chromatographed over silica gel (10% methanol/mcthj)lene chloride) to give a solid
which was recrystallized (methylene chloride/hexane) 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- -((3-flugrophenvimethvl)amino)ethvl)phenvl)-2-thiophenecarboximidamide
(@) N-{(3-fluorophenvlimethv)-N-(2-(4-nitrophenvlethvDtrifluoroacetamide

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, quénched with water, and extracted with ethyl acetate( 3 X 30

(2

ml). The combined extracts were washed with water, dried over magnesium sulfate,
fitered, concentrated, and chromatographed over silica gel (18% ethyl
acetate/hexane) to give N-((3-flucrophenyl)methyl)-N-(2-(4-
nitrophenyl)ethyl)triflucroacetamide as a colourless oil: (1.63 g, 77%); M.S.
M+H)*= 371 .

(b) N-(2-(4-aminophenvlethv])-N-((3-fluorophenvl)methvitrifluoroacetamide

To a stirred solution of the product of step (a) (1.63 g, 4.40 mmol) in THFMeO‘H
(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-



purified on a silica gel colunmeluted with the same sol veﬁEPLAﬂ?é"WTmT'%T\
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The m xture was cooled to O [err]C-and was Slowly made acfdic with 4N i

hydrochl oric acid. 51 -76-
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(i-(4-aminophenyhethyl)-N-((3-fluorophenyl)methyl)rifluoroacetamide which was
poLIOZSnEOLS By TLC and used imamediately in the next reaction.
(;;) N-(4(2-((3-fluorophenvimethvDamino)ethv \phenvil-2-
thiophenecarboximidamide
To a solurion of the product of step (b) (1.5 g, 4.40 mmol) in methanol (10 ml) was
added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of Exampile 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

(A-(2-((( 2-rncthvlohenvhrﬁethvhamino\ethvhchenvh-z-

thiophenscarboximidamide

(a) N-(( 2-methviphenviymethvl)-N-(2-(4-nitrophenvDethviitrifluoroacetamide

To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (the product of
Exaniple 1 step (2)) (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-
methylbénzyl bromide (1.53 ml, 11.45 mmol). The mixture was stirred at room
emperature 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 suifate,
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-aminophenvilethv)}-N-((2-methviphenvlimethvl)-triflucroacetamide .
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thiophenecarboximidamide

To a solution of the product of step (b) (1.62 g, 4.82 mmol) in methanol (10 mi)
was added S-methyl-2-thiophenethiocarboximide 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 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-(((2-
methylphenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarooximidamide as a white
solid: (0.46 g, 28%); m.p.105-106 °C. |

Example 7

N-(4-(2-(methviamino)ethvl)phenvi}-2-thiophenecarboximidamide

(a) N-methvl-N-{2-(4-nitrophenv)ethvi\trifluoroacetamide

To a strred solution of N-(2-(4—nitrophenyl)ethyl)triﬂuoro‘acetaxﬁide (the product of
Example 1 step (a)) (1.5 g, 5.75 mmmol) and a catalytic amount of 15-crown-5in
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 acetate ( 3 X 30 ml). The
combined extracts were washed with water, dried over magnesium sulfate, filtered,
and concentrated to yield N-methyl-N-(2-(4-nitrophenyl)ethyl)trifiuoroacetamide a
colorless oil: (1.40 g, 88%); M.S. M+H)*= 277.

(b) N-methvl-N-(2-(4-aminophenvlethviMtrifluoroacetamide
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The m xture was then dilutéd in 100" n water and made basic with excess 50%
sodi um hydr Bhkicrnd g3¢d isproediaely inithe nexs reaction.

(¢) Na(4-(2-(methvlamino)ethviyphenvl)-2-thiophenecarboximidamide

To a solution of the product of step (b) (1.32 g, 5.37 mmol) in methanol (10 ml)
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 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-
methylphenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white
solid: (0.43 g, 31%); M.S. (M+H)*= 260.

Example 8

N-(4-(2-aminoethvl

(a) N-(2-(4-aminophenviethv)trifiuoroacstamide _

- To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (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-aminoethvl)phenvi)-2-thiophenecarboximidamide

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 hydroiodide (the product of Example 1,
step (d)) (1.09 g, 3.81 mmol). The mixture was stirred for 12 hr, diluted with 2 N
NaOH (8 ml) and heated to 70 °C for 1 hr. The solvents were removed at reduced



extracted with ethyl acetate (3 X 100 m). The organic |ay
col l ected and washed with water (2 x 200 m). The organic |
((MgS™4), filtered and concentrated. The crude product was
silica gel colum eluted with '
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qpressure, gnsd 8'];& residue was dumped into’ water and extracted with ethyl acetate (

43X 30 m"). The combined extracts were washed with waier, cried over magnesiumn
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. )

Exampile 9

N-(( Lmogho]invlmethvl \phenvi}-2-thiophenecarboximidamide

(a) 4-(4-Nitrobenzvl)-morpholine.

To a stirred solution of (2.00g; 0.0093 mol) 4-nitrobenzyl bromide (Aldrich) and
(0.736g; 0.011 mol) potassium carbonate anhydrous (Aldrich) in 20.0ml DMF was
added (0.796ml; 0.0093 mol) morpholine. The reaction 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 lajrcrs 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. |

) (4&morpholinvimethvlaniline _ _

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 regbﬁon hydrogenated. When hydrogen uptake had
ceased, the catalyst was removed by filtration and the solvents evaporated. The
solids were dissolved in 30ml eadch 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 sulfate, and the solvent
evaporated under vacuum. The resulting solids were recrystallized from ethyl
acetate and hexane 1o leave 0.68g of (4-morpholinylmethyl)aniline. '

(c) N-((4-morpholinvimethv] )ﬁhenvl'\-z-thionhenecarboxirnidamide'

To a stirred solution of the product of step (b) (0.68g; 0.0035 mot) and 15.0ml
isopropyl alcohol was added Schthyl-‘z-thiophcnethiocérbo:dmide hydroiodide (the
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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 chioride and extracted with (3x75mL) ethyl acetate. The organic
jayers were collected, dried over magnesiuﬁ: sulfate, and the solvent evaporated.
The crude product was separated on a silica gel column eluted with 10% methanol
in methylene chloride. The solvent was evaporated and the crude solid
recrystallized twice from ethyl acetate and héxane to leave 60mg of N-((4-
morpholinylmethyl)phenyl)-2-thiophenecarboximidamide, m.p. = 148-150°C.

Example 10

N-(3-(({phenvimethvllaminoYmethvl)ohenvl)-2-thiophenecarboximidamide bisoxalate

(a) N-(3-nitrobenzvlibenzamide

To a solution of 3-nitrobenzyl amine hydrochloride (2.45 g, 0.013 mol) in a solution
of 50 m! of methylene chloride and 50 ml of half sawurated -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 chloride. After addition was complete, the reaction
mixture was stirred for 2 b at 0 °C and was then allowed to warm to ambience
overnight. The organic layer was separated and was washed successively with dilute
hydrochioric 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-benzvi-2.2.2-trifluoro-N-(3-nitrobenzvilacetamide

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 of 6 M hydrochloric acid. The.
reaction mixture was again heated to reflux for 1 h. Upon cooling to ambience,

the reaction mixture was basified and extracted into ether. The dried (MgSO‘) v&as :

concentrated to afford an oil. This oil was chromatographed on silica gel using
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N-(4- (((2-thienvl)carbonvl)am no)phenvl) - thi ophenecar box
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ceae®dcrT ®acoiwioreakihsl erudy beprd- (rdyroba&vz)ammwwv g 803
mmol) and triethylamine (2.6 M], 18 mmol) in 20 ml of methylene chloride under
pirogen 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. Chromatograpf'ly 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) 1 N-(3-aminobenzyl}-N-benzvl-2.2.2-triflucroacetamide

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
hyvdrogenated 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)

To a solution of 0.25 g (0.94 mmol) of S-methyl 2-thiophenethiocarboximide

N-(3-(((phenvimethvlamino methvhohenvh-z-thiobhenecarboximidamide

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-2,2,2-trifluoroacetamide (prepared
by taking the hydrochloride salt and neutralizing with 2.5 m NaOH and extracting
into methylene chioride). The reaction mixture was stirred for 5 h. A solution (2
ml) of 2.5 M sodium hydroxide and about 5 drops of methanol was added and the
resuiting 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 solid was dissolved in ethanol and oxalic acid
dihydrate (0.16 g, 1.3 mmol) was added. The resulting salt was collected and dried
to give 0:26 g (55%) of the title compound as the bis oxalate salt, mp .178-183 °C. .

E.x_amnle 11
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(a) N-(4-nitrobenzvl\benzamide)

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

t-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.
(®)

This compound benzyl-(4-nitrobenzyl)amine was prepared using the method

N-benzvi-2.2 2-trifluoro-N-{ 4-nitrobenzvilacetamide

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 0oC under

- nitrogen. To this solution was added dropwise 3.6 ml of trifluoroacetic anhydride.

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 compound as an oil.

(© N-(4-aminobenzv])-N-benzvl-2.2.2-trifluoroacetamide

This compound was prepared using the method described in Example 10, step (c)
for the preparation of N-(S-aminoben_zﬂ)-x V-benzyl-2,2 2-trifluoroacetamide. 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. Recrystallization from isopropanol and ether gave 1.74 g of pure -
material, mp 115-9 °C. '

(d) N-(4-(((phenvimethvD)amino)methvY\phenv}-2-thiophenecarboximidamide
From 0.60 g (1.9 mmol) of the free base of N-(4-aminobenzyl)-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 Example 1, step'(d), and neutralizing with 2.5 m NaOH and
extracting into methylene chloride) in 4 ml of isopropanol. The reaction mixture

was strred for 5 h. A solution (2 ml) of 2.5 M sodium hydréaddc and about 5 drops
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aqueous so mherX| and the solid cc():l.lected by filtration to yreld

(2.50) of c{t0%) 0f tha-gis ¢ompound, mp 209-13

Example 12

The following compounds were prepared following the method of Example 1:
(a) N-(4-{2-(((2 6-dichlorophenvi)methvi)amino)ethvl)phenvi)-
2-thiophenecarboximidamide m.p. 104-105 °C

(b) N-(4-(2-(((2-bromophenvl)methvl)amino)ethvi\phenvi}-2-
thiophenecarboximidamide m.p. 81-82 °C '

(c) N-(3-(2 {(Phenvlmethvhammo\ethvl\nhenvl\-:-thloghenecarbo:cmxdamxd
dihvdrochloride, m.p. 145-147 °C

(d) N-(4-(2- 2.&dichlofonhenvlmethvhamino\ethv] phenvl
-3-thiophenecarboximidamide free base, m.p. 109-110 °C

(e) N-(4-(2-aminoethvDphenvl)-3-thiophenecarboximidamide dihvdrobromide
m.p. 158-170 dec |

free base, m.p. 101-104 °C
(g) N-(3-(3-(1-pvrolidinvl ]uronvhnhenvh-"-thmuhenecarbommldamlde frc

base, m.p. 110-111 °C

(h) N-(4-(2-aminoethvl\phenvl)-2-furocarboximidamide dioxalate, m.p. 162 °C
dec '

Example 13
The following compounds were prepared following the method of Example 9:

(@) N-(4-((1-piperidinvlimethvi)phenvl)-2-thiophenecarboximidamide
dlhvdrobromxde m.p. 277-278 °C |




difurarate salt was nmade from net hanol and isopropanol. miR

[.err] C. Exanpl e 67 Followi ng a process anal ogous to that
the follow ng conmpound was prepared: (a)

N-(4- ((((2-thiophenvl)im nomethvl)an no)et hvl)phenvl) - 2-
t hi ophenecar boxami di ne di fumarate mp. 268201 [err]C.

N-(4-((((3-nethvl phepyl )i m noet hv] ) am no) et hvl henvl ) - 2-
t hi ophenecagdiB¥gzbremide @Pur%rg}@@ ) )P )
Example 14

The following compound was prepared following the method of Example 10:

N-(3-(({vhenvimethvilaminoYmethvl )Dhcnvh-Z-thioghenecarboximidamide
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 hydroiodide

with 3-(methylamino)phenylamine.

N-(3-((amino‘methvl] )phenvl)-2-thiophenecarboximidamide

dimaleate m.p. 145-148 °C

Example 16

The following compound was prepared following the method of Example 10

N-(3-(2-((phenvimethvlamino)ethvl\ohenvl)-2-thiophenecarboxamidine Dioxalate,
m.p. 132-134 °C

Example 17
N-(3-(2-(Ethvlamino)ethvlphenvl)-2-thiophenecarboximidamide

(a) (3-Niwrophenvhacetvl chloride
A stirred solution of 3-nitrophenylacetic acid (10.0 g, 55.2 mmol) in thiony! chloride

(100 ml, 1.37 mol) was heated at reflux for 2 hours, then concentrated to yield 11.1

g of (3-nitrophenyl)acetyl chioride as a tan solid.

(b) N-Ethvl-2-(3-nitrophenvlacetamide

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). Resulting

mixture was warmed to. achieve a clear solution, allowed to cool. Resuilting

precipitate was filtered to yield N-cthyl-2-(3-nitrophenyl)acetamide as a yellow solid: -
2.2 g, 711%); m.p. 115-117 °C.
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(c) Ethyl-(2-(3-nitrophenvilethvhlamine hvdrochloride | |
To a siirred 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—(z-(3-nitrophenyl)ethyl)amine hydrochloride as a light
yvellow solid: (1.7g, 70%); m.p. 186-188 °C.
(d) 3-(2-Ethviamino-ethvl)phenvlamine hvdrochloride

To a solution of the product of step (¢) (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 hydrbchloride as an off-white solid: (1.4g,
100%); m.p. 192-194 °C. - |

(e) N-(3-(2-(Ethviamino)ethvi)\phenvi)-2-thiophenecarboximidamide dihvdrobromide
To a solution of the product of step (d) (1.4g, 7.0mmol) in isopropanol (20ml) and

dimethylformamide (20ml) was added S-methyl-2-thiophenethiocarboximide

‘hydroiodide (2.5g, 8.8mmol). The mixtwure 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 cil. 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-
thiophénecarbo:dmidamide dihydrobromide as a tan solid: (1.72g, 49%); m.p. 192-
194 °C (dec). '

Examglé 18
N-(3-

(a)_3-(3-Phenvlethviamino-propvl)phenviamine dihvdrochloride

3-({Phenviethvllamino)oroovi henvh-Z-thionhene_carboximidamide dioxalate

P.- N
st Do
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| ne.di fumaygheherdBifiocABexiide Hpdfdiddide (3.3 g, 11.5 mmol) in isopropanol (25ml) and

dimethylformamide (25ml) was added pyridine (0.74 ml, 9.17 mmol) in one partion.
The mixture was stirred for 16 hours, diluted with 20% aqueous sodium hvdroxide,
and exiracted 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-((phenylethvl)amino)propvl)phenyl)-2-thiophenecarboximidamide

dioxalate as the white solid: (2.3 g, 44%); m.p. 102-105 °C.

Example 19

N-(3-(2-{((2-Bromoohenvlimethvilaminolethv)nhenvl)-2-thiophenecarboximidamide

(a) N-(2-BromobenzvD-2-(3-nitrophenviacetamide

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

(b) N-(2-Bromobenzvl)-2-(3-aminophenvlacetamide

- 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.

(c) 3-(2-(2-Bromobenzviamino)ethviphenviamine dihvdrochloride

This was prepared following a method analogous to that of Example 17, step (c). .
(d) N-{3-(2-(((2-Bromophenvlimethvl\amino)ethvl)phenvi}-2-
thiophenecarboximidamide dioxalate

This was prepared following a method analogous to-that of Examplé 18, step (b).



Exanpl e 69 Foll owi ng a process anal ogous to that of Exanmpt® 63, 1
fol I ow ng conpound was prepared: (a) n'q REPLACEME'STSHEET
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t hi ophenecar boxam di ne di fumarate. mp. 211-212 [err]C Exazrﬂ 50%1
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Example 20

N-(3-{2-(Phenvlaminoethvl)phenvi)-2-thiophenecarboximidamide dihvdrobromide
(a) (2-(3-Nitrophenvllethvi\phenviamine |

This was prepared following a process analogdus to that of Example 17, steps (a)-

©)-

'b) 2.2.2-Trifluoro-N-(2-(3-nitrophenvlethvl)-N-phenviacetamide

This was prepared following a process analogous to that of Example 1, step (a).

(c)_2.2.2-Trifluoro-N-{2-(3-aminophenvilethvl)-N-phenvlacetamide

This was prepared following a process_ analogous to that of Example 1, step (c).
(d) N-(3-(2-(Phenviaminolethvlphenvl)-2-thiophenecarboximidamide
dihvdrobromide

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

Exampble 21

The following compounds were prepared following a process analogous to that of

Example 17:
(a) | N-(4-(2-(Ethvlamino)ethviYphenvl)-2-thiophenecarboximidamide

dihvdrobromide. m.p. 176-178 °C
(b) N-(4-(2-(2-Propvlamino)ethvi\phenvi)-2-thiophenecarboximidamide

dihvdrobromide, m.p. 240-242 °C (dec)

©) 'N-(4-(2-(1-Propvlamino)ethvlphenvl)-2-thiophenecarboximidamide
dihvdrobromide, m.p. 233-235 °C (dec)

(@ N-(4-(2
dihvdrobromide. m.p. 241-242 °C
(€) - N
dihvdrobromide, m.p. 238-240 °C

(f) N-(3-(2-(Methvlaminodethvi\phenv)-2-thiophenecarboximidamide

dihvdrobromide, m.p. 219-223 °C

-(t-Butvlamino)ethvl)phenvi)-2-thiophenecarboximidamide

-(4-(2-(n-Butviamino)ethvl)ohenvl)-2-thiophenecarboximidamide
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@  N(3-Q2-(1-Propviamino)ethvDphenvi)-2-thiophenecarboximidamide
gihvdrobromide, m.p. 72-75 °C (softened) |
(h) N-(3-(2-(t-Butvlamino)ethvl)phenv])-2-thiophenecarboximidamide

gihvdrobromide, m.p. 232-235 °C (dec)

(i) N=(3-02-( 2-Propvlaminodethvlphenvi)-2-thiophenecarboximidamide

dihvdrobromide, m.p. 206-210 °C (dec)

() N=(3-(2-aminoethvi\phenv)-2-thiophenecarboximidamide dihvdrobromide, m.p.
194-199 °C

(k)  N-(G--(Dimethviaminolethvlphenv-2-thiophenecarboximidamide
dihvdrobromide, m.p. 232-233 °C (dec)

(1) N-(3-( 2-(Diethvlamino)ethvllohenvi)-2-thiophenecarboximidamide
dihvdrobromide.

‘m.p. 75-80 °C (softened)

(m)  N=(3-(2-(2-(1.2.3.4-TetrahvdrolisoguinolinvDethvl\phenvi)-2-

thiophenecarboximidamide dioxalate.
m.p. 172-175 °C (dec)

(n) N-(4-(3-(2-(1.2.3.4.-tetrahvdro)isoguinolvpropviiphenvl)-2-thiophene

carboximidamide dioxalats, m.p. 138-142°C
(o) N-(4-(2.(3.3-bistrifluoromethviphenvimethvlaminolethv\phenyl-2-

thiophenecarboximidamide free base, m.p. 98-100 °C

(P) N-(4-(2-(diethvlamino)ethvl\phenvl-2-thiophenecarboximidamide free base,
m.p. 113-115 °C

()] N-(4-(2-((3-chlorophenvimethvilamino)ethvl)phenvl)-
benzenecarboximidamide dihvdrochloride, 253-254°C

(NN
carboximidamide dihvdrochloride, 257°C

(s) N-(4-(2-((4-methviphenvimethvlamino)ethvl)phenv])-2-thiophenecarboxamidine
dihvdrochloride, 218-219°C

(t) N-(4-(2-( piperonviamino)ethvlphenvl)-2-thiophenecarboxamidine
dihvdrochloride, m.p. 205-6 °C

-(4-(2-({3-chiorophenvimethvhlamino)ethvllohenvl)-3-chlorothiophene-2-
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thiophenecarboximidamide dioxalate,

m.p. 155-157 °C (dec)

(b) N-(3-(3-((Phenvimethvl)amino)propvl)phenvi)-2-thiophenecarboximidamide

dioxalate,
m.p. 138-141 °C (dec)

()  N-{4(2-(((3-Chlorophenvlmethvllaminolethvphenvi)-2-

thiophenecarboxamidine dioxalate, m.p. 216-217 °C
(d) N-(4-(2-(((4-Chiorophenviimethvllaminolethv\phenvi)-2-

thioohenecarboxamidine dioxalate, m.p. 203-204 °C

(e) N-(4-(2-(((3-ChlorophenvlYmethvllamino)ethvi\phenvi)-3-chlorothiophene-

2-carboximidamide dihvdrochloride m.p. 257-258°C
(f) N-(4-(3-(ethvlaminolpropvi\phenyl-2-thiophenecarboximidamide dioxalate. m.p.
98-100 °C

Example 25

The following compound was prepared following a process aﬁalogous to that of
Example 19: | |

(a) N-(3-(2-((N-Phenvimerthvi-N-methvllaminolethvl\phenvl)-2-
thiophenecarboximidamide. free-base

m.p. 85-87 °C

() N-(4-(2-((N-Phenvimethvl-N-methvllaminolethvi\phenvi)-2-thiophene
carboximidamide. free hase '

m.p. 110-112°C , :

(6)  N-(3-(2-(((3-Chlorophenvlimethvllamino)ethvl)ohenvi)-2-

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

(d) N-(3-(2-(({3-flucrophenviymethvllamino)ethvliphenvi)-2-

thiophenecarboximidamide dioxalate, m.p. 183-4 °C
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ich soli e on
' ( 4-(2-( ( ethvh( Dhenv mcthvl)ammo\ethvhohenvl\-

thloohenecarbommidamlde free base,
m.p. 87-89 °C

(h) N-(4-(2-({propvl)( nhenvlmethvhammo\ethvhnhcnvh- -

thiophenecarboximidamide free base,

m.p. 100-102 °C

(i) N-(4-02-( ' 1.1-dimethvlethv])(phenvimethvhlaminolethvliphenvl)-2-
thiophenecarboximidamide free base. m.p. 145-148 °C

@) N-

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

(4-(2-{((3.4-dichlorophenviimethvl)amino)ethviiphenvi-2-

Examnl_e 24

N-(4-(3-({phenviamino)carbonvlpropvl)phenv)-2-thiophenecarboximidamide

(a) 4-(3-({phenviamino)carbonvinropvlaniline

A stirred solution of 4-(4-nitrophenyl)buryric acid (5.0 g; 0.023 moles) in 20 ml of
thiony! chloride was refluxed for 4 hours. The solvent was evaporated and the crude
acid chloride. 2.5g, was added dropwise to a stirred solution of aniline (2.0 g; 0.02
moles) in 30 mi of tetrahydrofuran and 10 ml of triethylarnihe and the reaction was
then stirred 18 hours. The triethylaminé 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 mi of 1 N hydrochloric acid and the dried over magnesium
sulfate. The solvent evaporated to vield a yellow solid. The solid was dissolved in
100 m! 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 m! of methanol. 10 ml of a saturated
solution of HCl in isopropanol was added, followed by 250 mg of 10% palladium

on carbon. The mixture was hydrogenated for 4 hours. The catalyst was removed



anmount was
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i sol ated as the oxalate salt: (48 ng); mp. (degrpBEMEedrI-EET

{
(2 0 NOV 1997 J

-46- b

\

by filtration and the solvent evaporated. The residue was dissolved in 100 ml of hot
water wizh a minimal amount of methansl, and the solutior was then made basic

with 50% sodium hydroxide solution. The mix was extracted with 150 ml of ethyl

acetate, the extract was dried with magnesium sulphate and evaporated, giving solid -

4-(3-(((phenyl)amino)carbonyl)propvl)aniline, yield 1.0 g, one spot on TLC.

(b) N-(4-(3-({phenviamino)carbonviYproovilphenvl)-2-
thiophenecarboximidamide

To a stirred suspension of the product of step (a) (1.00 g; 0.0037 moles) in
approximately 3ml 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 overnight 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-((phenvimethvlamino)carbonviipropviiphenvi)-2-

thiophenecarboximidamide, m.p. 169-171 °C.

(b) N-(4-(3-((1-pvrrolidvl\carbonvi)propvioxviphenvi}-2-

thiophenecarboximidamide, m.p. 191-194 °C

(¢) . N-(4-(3-((4-morpholinvl\carbonvi\propvioxviphenvi)-2-

thiophenecarboximidamide, m.p. 136-138°C .
(d) N-(4-(2-({phenvimethviamino)carbonvllethvl)phenvl)-2-

thiophenecarboximidamide, m.p. 63-65°C
(¢) '
m.p. 203-205°C

(f) N-(4- (“-((Qhenvlammo\carbonvl)gmnvhnhenvl\-" gvrmlecarboxmldamldc, m.p.
195-196°C .

(®  N(4-(3-{(phenviaminocarbonvlipropvliphenvl)-2-




oiiluted with water (300m ), extracted twice wth ethyl ace :
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| thyl g 4o
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of step (a) in acetic acid (100 m) was added zinc dust The |
concentrated o yield 13191 4-a yI) et hyl ] pyri nidi - 2-yl ami ne.
c) N(4-(2-((M%%ﬁ-%‘-v’#?ﬁmo) Phy {]?E‘bnvl) 2-thi onhenecar hoxam de

() N=(4-(3-(1-(4-methvipiperazinvilcarbonvl) ropvl\phenvi)-2-

thiophenecarboximidamide, m.p. 132-134 °C

" Example 26

N-(4-(3-(({ 1-ovrrolidvicarbonvlproovlphenvl) thionhene-2-carboximidamide

hvdroiodide

(a) 4-(3-((1-pvrrolidinvl)carbonvlYpropvaniline

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 ethy! chloroformate (1.17 g. 0:01076 moles) were added and
the mixture was stirred for 10 minutes before pvrroudme (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 evaporated under vacuum to leave 2.19gof 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-pyrrolidinyt)carbonyl)propyl)aniline, an oil that solidified on standing (this
was used as is). '
(b) N-(4-(3-((1-pvrrolidvl\carbonvl\propyl)phenvl)-2-thiophenecarboximidamide
S-methyl-2-thiophenethiocarboximide hydroiodide (the product of Example 1, step
(d)) (1.55 g 0.00538 moles) was added to the prodﬁct of step (a) (1.50 g 0.00646

moles), in 6 ml of isopropanol and stirred at room temperature for 16 hours. The
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hours, diluted with 20% sodi um hydroxi de and extracted tw c rth et hyl
acetate. The conbined extracts were washed twice with water,
(MgSg err]), filtered and concentrated. The hydrochl ori de s4l
from net hanol and isopropanol to yield N-#3-(2-
((pyrimdin-2-yl)am no)ethyl)phenyl)-2-thi ophenecar boxam de
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3-f | uor o- 4- nhiophphesasboximidinigy hvdrbipdidas sipu2i2l®0Gat e (10 g) was treated
with DV (20 m). Ethyl bronpacetate (5 m) was then added, and the m xture
was stirred at 22 [err]C. After two hours the m xture was treated with

Example 27

The following compounds were prepared following a process analogous to of
Example 26:
(a) N-(4-(3-{(4-morpholinvlicarbonvl)oropvilohenvl)-2-

thiophenecarboximidamide hvdroiodide, m.p. 189-192 °C.

(b) N-(4-{(phenviamino)carbonvi\phenvl)-2- thiophenecarboximidamide. m.p.
200-201°C
(c) N-{2-(2-{{4-morvholinviYcarbonvilethviighenv)-2-methvithiazole-4-

carboximidamide, m.p. 280-281 °C

Example 28

N-f4-(2-(({4-morpolinvDcarbonvlYamino)ethvl)ohenvithiophene-2-carboximidamide
hvdroiodide '

(a) 4-2-(((4-morpolinviicarbonvilamino)ethvhaniline hvdrochloride

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 m! 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 suifate;
evaporation of the solvent gave a crude oil. The crude oil was then dissolved in 250
mi of methanol, to this was added 250 mg of 10% palladium 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
hydrochioric acid gas was then added 10 make the salt. Upon cooling 4-(2-(((4-
morpolinyl)carbonyvl)amino)ethyl)aniline hydrochloride, a pink solid, crystallized and

was collected by filtration, 4.4 g.



A

net hanol (20 m) and water (40 mi) and allowed to stir. Af}gePoacEMENT ST
two hours, the mxture was diluted with water to 200 nl angl ftfie~S0l 1 ds
filtered off. The filtrate was acidified and the solids colliec2 giNO¥ BWe !
3-fluoro-4-nitrophenoxyacetic acid, mp. 90-92 [err]C

-49-
(b) &L(2-{((4-morpolinvhcarbonviaminolethvDaniline

The product of step (a), 4.4 g, was dissolved in 200 ml of water. The mixture was

SRS L

made basic with 50 % sodium hydroxide solution, and extracted with 2 X 50 ml 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. |
(c) N-( 4-02-((( 4-morpolinvlcarbonvilaminolethvliphenvl)-2-
thiophenecarboximidamide hvdroiodide
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)amingc)ethyl)phenyl)-2- |
thiophenecarboximidamide hydroiodide. 0.95 g, m.p. 209-211 °C

Example 29

N-(4-(3-(((phenvilamino)carbonvlpropvioxviphenvl)-2-thiophenecarboximidamide

hvdroiodide

(a) 4-(4-nitrophenoxvibutrvic 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 ml 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 was evaporated in vacuo to give
11 g of yellow oil. The crude vellow oil was diluted with 200 m! of methanol,
_treated with 25 ml of 2 M sodium hydroxide, and stirred over night at room

temperature. The mixture was evaporated in vacuo, and diluted with water to 250
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G refluxed for four hours, 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 ml 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 m! 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-(((phenvDamino)carbonvl\propvioxviphenvh-2-
thiophenecarboximidamide hvdroiodide _
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 nﬁxture refluxed for one hour. The
resulting clear solution was cooled, solids precipitated and were collected by
filtration, giving N-(4-(3-(((phenyl)amino)carbonyl)propyloxy)phenyl)-2-
thiophenecarboximidamide hydroiodide, 1.76 g, m.p. 229-231 °C.

Example 30

N-(4-(2-(((trifluoromethvilcarhbonvilamino)ethv)phenvi)-2-
thiophenecarboximidamide

(a) 4-(2-(( (triflupromethvcarhonviaminolethvinitrobenzene

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 ml, 10.66 mmol) drOpwise. Afrer stirring for 1

minute, the solvent was removed at reduced pressure and the remaining residue
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(b) 4-(2-((( tnﬂuoromethvﬂcarbonvl\ammo\ethvhamhn

r———

To a stirred solution of the product 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 re:iction.

(c) N-(4-02-((( trifluoromethvicarbonvhaminglethvllphenvil-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 acezate (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-(((triflucromethyl)
carbonyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a slightly yellow solid:
0.19 g (43% vield). m.p. 181-182 °C.

Example 31

N-(4-(2-(((methvl\carbonvhamino)ethvl)phenv)-2-thiophenecarboximidamide
(a) 4-(2-{({methvcarbonvlamino)ethvinitrobenzene

The above compound was made by the mothod of Example 30 step (a) except that
trifluoroacetic anhydride was replacad by acetic anhydride. 1.28 g of a pale yellow,

solid was obtained that was used immediately in the next reaction.

(b) 4-(2-((( methvllcarbonvDaminolethvDaniline
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To a stirred solution of the product of step (a) (0.82 g, 3.94 mmol) in THF/MeOH
100 m!, 1::) was added 4 ml of 1 N HC! and 2 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 acstate (3 X 20 ml). The
combined extracts were wa#hed with water, dried over magnesium sulfate, filtered
and concentrated to a solid which was used immediately in the next reaction.

(c) N-(4-(2-((( m;:thvl\carhonvhz.xm'inmgthvl)ohenvn-z-thionhenecarboximidamide

The above compound was prepared following the procedure of Example 30, step
(c). After recrystallization from ethyl acetate/methanol. 0.36 g of a tan solid was
obtained. mp. 186-187 °C.

L)

Example 32

N-(4-(2-{{{onenvimethvlcarbonvilaminolethvilohenvl)-2-thiophenecarboximidamide

(a) &(2-({{phenvimethvlicarbonvl)aminolethvinitrobenzene

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

reaction.

(b) £(2-({(phenvimethvicarbonvilamino)ethvianiline

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-{((phenvimethvl\carbonvilaminoethvl\phenyi)-2-
thiophenecarboximidamide |

The above compound was prepared following the procedure of Example 30, step '
(c). After recrystallization from ethyl acetate/methanol, 0.45 g of a tan solid was
obtained. mp. 210-211 °C. |

Example 33

N-(4-(2-(((phenvlcarbonvlamino)ethvi\phenvi)-2 thmnhenecqrbmumnd'xmxde
(a)' 4-(2-((( nhcnvl\carbonvl\amxnn\ethvnmtmhenzcne
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8&) (r;? e&%iﬁ%}@ %_r_ﬂo E{x’i jx%ggde%ast %p?dcea(b%gr[z%w J:ﬁbl‘bride. 1.77 g of
a pale yellow salid was obtained that was used immediately in the next reaction.
(b) &(2-({(phenvl\carbonvlamino)ethvianiline

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

(c) N-(4-(2-({(phenvhcarbonvl)amino)ethvl\phenv)-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-({(phenv)liminocarbonvlaminonhenvl)-2-thionhenecarboximidamide

(a)_N-(4-nitrophenvl)benzenecarboximidamide

To a stirred solution of benzonitrile (25 ml) was added a catalytic amount of 4-
dimethflaminopyridine.- To this was added 4-nitroaniline hydrobr‘o.mide (10:0 g,
0.57 moles) and the reaction then heated to 190 °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-{£-aminophenvibenzenecarboximidamide

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 mi of ethyl acetate, the solid was slurried and then collected
by filtration to yield 10.6 g of N-(4-aminophenyl)benzenecarboximidamide
hydrochldride. The N-(4-aminophenyl)benzenecarboximidamide 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 magnesium sulfate.
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isopropanol was added S-methyl-_-thnophencca_rboxthxolmxde 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 HCl gas was
added: upon standing a solid crystallized and was collected by tiltration. 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-phenvienelbis-2-thiophenecarboximidamide hvdroiodide. m.p.
278-279 °C '
(b) N-N"-(1.3-phenviene)bis-2-thiophenecarboximidamide, m.p. 219-220 °C

| (c) N.N’-(1.3-phenvlenelbis-2-chlorophenvicarboximidamide dimaleate, m.p.
200-201 °C
(d). N.N"-(1.4-phenvlene)bis-3-chlorothiophene-2-carboximidamide free base,
m.p. 247-248 °C
(e) N-(4-({(2-methoxvphenvliminocarbonvilamino)phenvi)-2-thiophene
carboximidamide free base, m.p. 187-188 °C
(f) -N-(4-({(Phenvlliminocarbonvilamino)phenvl)-3-chiorothiophene

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

(g) N-{4-(((Phenvlliminocarbonvilamino)phenvl)-3-thiophene

carboximidamide dihvdrochloride, m.p. 323-324 °C

Clto
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' h) N-(3-({{phenvhiminocarbonviamino)phenvi)-2-thiophenecarboximidamide
(h) arbonvi)aminolphenvi}-2-thiophenecarboximidamide

m.p. 295296 °C

(i)' N-(4-(((4-chlorophenvl)iminocarbonvilaminophenvi}-2-

thiophenecarboximidamine dihvdrochloride, m.p. 296-297 °C

), N-(4-({(2-chlorophenvliminocarbonvilaminophenvl)-2-
thiophenecarboximidamide dioxalate, m.p. 166-167 °C

(k) N-(4-(((4-bromophenvliminocarbonvilamino)phenvi)-2-

thiophenecarboximidamide dioxalate, m.p. 236-257 °C

(1) N-(4-({(3-chioro-4-methviphenvhiminocarbonvilaminophenvi)-2-

thiophenecarboximidamide dihvdrochloride, m.p. 294-294 C

(m) - N-{2-({(3.5-dimethoxvphenvlliminocarbonvlamino)phenvl)-2- .

thiophenecarboximidamide dioxalate. m.p. 226-227 °C.

(n) N-fa((( 3.5-dictlorophenvhiminocarhonvlaminoYohenvi)-2-

thiophenecarboximidamide dioxalate, m.p. 237-238 °C
(0) N-(4-(((Phenvhiminocarbonvhaminolphenvl)-2-furancarboximidamide dioxalate
m.p. 210-211°C

(p) N-(4-(((3-methviphenvl)iminocarbonvilaminolphenvi}-2-

thiophenecarboximidamide fres base m.p. 205-206 °C

(q) N-(4-(((3-MethoxvphenvhiminocarbonvlYamino)phenvi}-2-

thiophenecarboximidamide __ free base m.p. 194-195 °C

(0 N-(4-({(3-Bromophenvhiminocarbonvllamino)phenvi)-2-

thiophenecarboximidamide dihvdrobromide m.p. 293-294 °C

(s) N-(4-(((3-chlorophenvhiminocarbonvhaminolphenvl)-2-

thiophenecarboximidamide dihvdrochloride m.p. 310-311 °C

(t) N-(4-(({{3-methviphenvlliminocarbonvl)amino)phenvl}-2-pvrrolecarboximidamide
dihvdrobromide m.p. 210-211 °C

(u) N-(4-(((4-chlorophenvliminocarbonvllamino)phenvl)-2-pvrrolecarboximidamide

difumarate m.p. 228-229°C

Example 36
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S represents an integer in the range 1 to 3 inclusive, X r¢REELACEMENT SHERT
bond; Z represents 0, NR[err] or a bond; Rlerr] representsjhydrogen or
atkyl d to 6; provided that: (a) when D contains a hete catZ)ﬂtN(w 1997n
connected to the remai nder of the conpound of formula | thfdqugh the
het er oat om (b) when R2 represents - X(&¥)[err] ZCONR[ err eT T ard »
neither X nor Zre resent a bond, then n represents an i nt éger—-na-t-herange
2 to 6 incl ugi4f2 hing Yearbenv amine ke henvl)-2-thiophenecarboxamidine
-X(CH err]) [ errJl CHZ)[err]NR[err]R[err] or -X(CH2)[err] NHCOR[ err], and
X representsﬂ-@-— n represents an integer in the range 2 to 6 inclusive;
(d) when R2 gjapr. eoNaropHeabBathonN d¥dhor aeldl err] and X represents 0 ‘then p
represents an Integer in the range 2 to 5 inclusive; (e) wh

represents -ROOFZP TERRINEIE KEHGR0ar A]3-09gsample pépres%@@@wm@séwcmi@%d

was dissolved in 20 mis water and treated with 30 mls 2N NaOH. The freebase was

q

extracted with 2x75 mis diethyl ether. The ether laver was dried over magnesium
sulfate, and the volume of the ether was reduced under vacuum to ~60 mls. 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-(£-aminophenvllethvi)N'phenvl urea

To a pressure bottle charged with 3.67g N-(2-(4-Nitrophenyl)ethyl)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 evaporatien in a vacuum and the resultant solid was
taken up in methanol, and an excess of oxalic acid was added. The solutlon was
quenched with ether and the precipitated white solids were collected by filtration.
The solids were treated with 100 mils 2N NaOH, and the fresbase was extracted
with ethyl acetate; the organic laver was dried with rnaénesium sulfate and
evaporated 1o leave a yellow solid; N-(2-(4-aminophenyl)ethyl)

N’'phenyl urea (430 mg).

(c) N-(4-(2-(((Phenviaminolcarbonvhlamino)ethviiphenvl)-2-
thiophenecarboxamidine hvdroiodide.

To a solution of 430mg N-(2-(4-Nitrophenyl)ethyl)N’phenyl urea slurried in 3 mis of
isopropy! 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 in 25 mls 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 combined to



Rl err] have the sane defi ni tion and represent phenyl opti on§irigp ACERENT SHEET

by alkyl Cl1L to 4 or one or nore alkoxy ClL to 3 groups or on o7 €

hal ogen atons; or pyridinyl, then q does not represent 0; o 20 NU\I 193? _

pharmaceutical ly acceptable salt thereof 2. A compound a | ai med ;
r

claim1l, wherein D represents phenyl, thl? hene pyrrole, f :
whi ch flve groups are optlonally substltu ed by one or nore jgroups sel ched—-J
from al kyl - Clet £106me I HOXU(£ I SRV BRI Ry Bphki)-&1 to 6. 3.
A conmpound e% c al m%? % ( %%tpﬁeg‘vrac?!{&g ° wﬁ@?‘eﬂ 9Epres)ents

£ \pﬁﬂnemrnox:trr dl"‘t’ hvdreiodide, m.p. "]u 219°C.

Example 57

The following compound was made by a process analogous to that of Example 37:
N-(4-(2-(((phenviamino)carbonvloxviethvilohenvi)-2-thiophenecarboximidamide
m.p. 222-224°C

Exampie 38

N-(4-((bis{phenvimethvlaminoYmethvl\phenvi)-2-thiophenecarboximidamide

(a) 4-((bis(phenvimethvilaminoYmethviinitrobenzene

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 acerate/hexane) to vneld 4-((bis(phe nvlmethyl)amino)methyl)
nitrobenzene: (1.64 g, 47%); M.S. (M+H)*= 33

h

(b)_4-((bis(phenvimethvilamino)methvDaniline :

To the product of step (a) (0.56 g, 1.69 rhmol) in AcOH (15 ml) was added Tin(II)
chloride dihydrate (2.00 g, 19.03 mmol) followed by concentrated HCI (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

wate'r, dried over magnesium sulfate, filtered, concentrated and chromatographed
over silica gel (30% ethyl 'acctate/hexane) to yield 4-((bis(phenylmethyl)
amino)methyl)aniline: (0.29 g, 57%); M.S. (M+H)*= 303.

(c) N-

To a solution of the product of step (b) (0.28 g, 0.93 mmol) in isopropanol (6 ml),

(4-((bis{ phenvimethvlDamino)methvl\nohenvl)-2-thionhenecarboximidamide

was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of
"Example 1, step (d)) (0.26 g, 0.95 mmol). The mixture was stirred for 14 hr,
quenched with 2 N NaOH (2 ml) and extracted with ethyl acetate ( 3 X 30 ml).



-85- thiophene, furan or pyrrole. 4. A conpound as cl gred—tna—any—one. pf
the preceding clainms wherein R2 represents -X(CH2)[err] N BWEMEN%/SHEET
~(CH err])gNHC(NH)R [err] 5. A conpound as clainmed in one of t
preceding clains wherein R2 represents -X(CH)[err] NR err] e2|[]] NOX 199%
represents a bond and either -NR3R[err] rgpresents

1, 2,3, 4-tetrahydroi soqui nolinyl or or o€ of R3 and R er|r $represents

-(CHerr] ) and.the ot n en. . tHT0
as cl ai med FAC &RIPOHHE 5’9&\#%‘"% isg\ W%Peq \aﬂgée&%} %‘Lr epresents

-X(CH err] )bﬁéf_hNRﬁR[»@ﬁédmramed @ﬁ%@ﬁ@%uﬁﬂham‘&gﬁtuﬂhmd s atig.é 1to 3

i nclusive, one of R3 and R resents -(CH err]YA and t;]% Per represents
hydr ogen or agasatigyhexane to yield N 4-((bxs(phcnvlmet vl)amino)methyl)phenvi)

.2-thiophenecarboximidamide as a white solid: (86 mg, 22%); m.p. 127-128 °C.

Example 39
The following compound was prepared following a process analogous to that of
Example 8

-(4-(2-aminomethvN\phenvi)-2-thiophenecarboximidamide hvdrobromide, m.p.188-
189 °C. .

Example 40

N-(3- 1.2.3.4-tetrahvdroisoauinolin-2-vimethvlyphenvl)-2-thionhenecarboximidamide

dihvdrobromide
(a) 3oL 1.2.3.4-tetrahvdroisoquinolin-2-vimethvnitrobenzene
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 (1.5 g,

11.66 mmol). The mixture was aliowed 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 IPA/HCI 1o 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-tetrahvdroisoquinolin-2-yimethvaniline 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. The mixture was
hydrogenated at 50 psi for 0.5 hr, filtered through celite, and concentrated to give
3-(.1,2,3,4—tetrahydroisoquinolin-Z-y}methyl)aniline hydrochloride which was
homogeneous by TLC and used immcdiﬁtely in the next reaction. |

(e) N3 heny)-2-

thiophenecarboximidamide

.2 .3.4-tetrahvdroisoauinolin-2-vimethvl



r represents 1 or 2 and A represents phenyl optionally subst REEQENPRBEET
or nore groups selected fromalkyl Cl to 6 and hal ogen. 7.

cl'aimed in any one of clainms 1 to 4 wherein R2 represents oV 1997
-(CH err])gNHC(NH)R[err] g represents 0, 1 or 2 and Rferr] reorgsne#

phenyl or thiophene, which two groups are .gptlonal |y substltu i

nore groups sel ected from al kyI Cl to 6 and hal ogen. 8. A corrpound as

| ai med i - t
ol h a5y ot o Bkt OBk Sy Cr o
I, as clai rred-l)/h"%d:f qim'"), wa&/mrhihdl%mwzh\l 7ormonhenetmomrboxxmxde ‘wdrmodxde (the
N-(4-(2- h th I t hi b d
MFR eIt MR TR S R p A R s
N-(4-(1-((phengt, e)nehedlqmﬁ Ry NaDE Y ) %nafyxaaee@e&an eyl Eceate 81X 30

N-(4-(2-((2- chI or ophenyl net hyl ) am no) et hyI phenyl) - 2- t hi ophenecar boxi ni dami
de; The combined extracts were washed with water, dried over magnesium sulfate,

Cl\ij_e( 4 .( 2-((3 tﬁ{ter%%oggg chl'ontE;[n%sz%@d over sxlpxXa )ngth’Z%'rLe:%a f/m%ﬂu x':en%acrhlfonc‘seq1 tdam
 vyield the title compound as the free base. Treatment with IPA/HBr vielded
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-({phenvimethvlamino)butv\phenv-2-thiophenecarboximidamide dimaleate

(a) 4-(4-nitrophenvl)-N-(phenvimethv\butvlamide

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 diphenvlphosphorylazide, 2.75 g, and 20 mi of dioxane
and on stirring for 4 hours it became clear. The mix was diluted with 100 ml of
ethyl acerate and washed twice with 100 ml of 2 M potassium carbonate, then 100
ml of 1 M hydrochloric acid. The organié 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 coaled to give white solids; these solids weré
collected by filtration and air dried to give 4-(4-nitrophenyl)-N-
(phenylmethyl)butylamide mp 133-135 °C

(b) 4&{4-aminophenvi)-N-(phenvimethviibutvlamide hvdrochloride

A sample of the product of step '(a), 0.80 g in 20 ml of ethano! and 20 ml 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 0.2 with 15% acetone in
methylenechloride. The mix was evaporated to dryness, and then treated with 30
ml of toluene. The residue was dissolved in 10 ml of 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 dropwise,



N—(4 (2- (((2 net hyl phenyl ) met hyl ) am no) et hyl ) phenyl ) - 2-t hi o
m de; N-(4-(2-(methyl am no)ethyl)phenyl)-2-thi ophenecar bodi
N+ (4- (2- am noet hyl ) phenyl) - 2-t hi ophenecar boxi m dam de;

N- ( (4- mor phol i nyl met hyl ) phenyl ) - 2-t hi ophenecar boudm dar hi de
N (3- (((phenyl net hyl ) am no) net hyl ) phenyl ) .gb.t hi ophenecar box

N-(4-(2-(((2, 6-di chl orophenyl) net hyl ) am no) et hyl )phenyl )-2-thi ophene
* C L M Sgillowed8fy 10 g of anhydrous sodium sulfate. After stirring for 30 minutes, the mix

was filtersd 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-(phenyimethyl)butylamide hydrochloride;

Chloride analysis: calc 20.78 found 20.64 |

(c) 4(4-((phenvimethvamino)butvDaniline dihvdrochloride

A sample of the product of step (b) was suspended in 5 ml of THF and treated
with 5 ml of 1 M lithijum 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® of anhydrous sodium sulfate.
After stirring for 15 minutes, the mix was filtered and the solids were washed with
20 ml of diethyl ether. 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- .
(phenylmethvl)ammo)butyl)anihne dihydrochloride; Chloride analysis: " calc 21.66

found 21.63
(d) N-(4-(4-((phenvimethvilamino)buwvl)phenvi)-2 -thxoohenecarboxxmdamxd
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 mi of isopropanol and warmed to 60 °C. After 2 hours, TLC
‘with 15 % methanol in chloroform on silica showed that the starting aniline was
moétly 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 potassium carbonate and treated
with 0.150 g of maleic acid, giving 2 gummy precipitate. TLC of the precipitate
versus the supernatant showed the precipitate to be a mix of the starting amine and
product, and that the supernatant contained mostly product. The supefnatant was

then treated again with 0.150 g of maleic acid, giving a gummy precipitate, and the



t hi( ophenecar boxi m dam de; _
N (3-(2- ((Phenyl net hyl ' t hyl ) ph | ) -3-thioph Hoki #i j\ycl @
N-(4-(2-(( 2,6-dichl >(;rz)?)‘hmeg\?l) ﬁ'et Kyl) ;Jafn'n%og et hyl I)gﬁeﬁglefar 1 T[FW%Q?
- 3-t hi ophenecar boxi m dam de; - \
ﬁgj E g ?Eﬁzngeéhylhl) phenKI ) - I3-t hi olphenecar'éb’xi m dam de di hvr obr om de;

-(2- , 6-di chl orophenyl net am t hyl.) ph L) -.2- boxi m d
e N (S (aepainigs SRR §55 SEFRRbn e ot Reh Bimts e B SRkt e
N-(4-(2-am nogkhyl) plesddeiridddonaaroeos) BT drm dandh.oTak atsilting gummy .
N-(4-((!I-piperidinyl)nethyl)phenyl)-2-thi ophenecar boxi m dam de; .

N- (4- (( 1- pyrpretiptaigyWysnteanted) wite dvn) Oﬁmmroéﬁéﬁéé‘éFkbéﬁﬁﬁﬂ%lé?riz_Qg;ml_ giving a’
\- (3- ((Cphen, met Pxlon2 Bk Tk MR WY io2 7 in? RRANBERPRX 61 22l Solics

were collected by filtration, washed with 20 ml of diethyl ether, and dried in vacuo

car boxi ni dani de; N-(4-(2-(((2-bromphenyl) nethyl)am no) et QQPBREEMENTQHEE:\

i

to provide N-(4-(4-((phenylmethyl)amino)butyl)phenyl)-2-

thiophenecarboximidamide dimaleate, m.p. 104-106 °C

Example 42
N-(4-((((2-thiophenviminomethvDamino)methvli\phenvi)-2-
thiophenecarboximidamide difumarate

(a) 4-aminomethvianiline

To a solution of 4-nitrobenzylamine hydrochloride (9.0g, 0.0477) in methanol
(200ml) was added 20m! 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 1o a solid. The above solid was then dissolved in 300ml of water and
- 20ml of 2N sodium hydroxide and extracted into methylene chloride (3x100ml).
The combined extracts were dried over magnesium sulfate, filtered and
concentrated to give 4-aminomethylaniline as an oil (6.1g).
(b) N-(2-((((2-thiophenvDiminomethvilamino)methvl phenvi)-2-
" thioohenecarboximidamide _difumarate
To a stirred solution of 4-aminomethylaniline (1.6g, 0.0013mmol) in (10ml)
dimethylformamide and (10ml) of isopropanol was added S-methyl-2-
thiophenethiocarboximide hydroiodide (the product of Examéle 1, step (d)) (4.4,
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)methyl)phenyl)-2-

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

Exampnle 43



N- (3- ((am no) net hyl ) phenyl ) - 2-t hi ophenecar boxi m dam de; . MENT SHEET |
N- (13- (2- ((phenvl met hyl ) am no) et hyl ) phenyl ) - 2- t hi ophenecar bo & -

N (t-(2-(Ethylam no)ethyl)phenyl)-2-thi ophenecar boxi m dam dg; 1997
N (3-(3- ((Phenyl et hyl ) am no) propyl ) phenvl ) - 2-t hi ophenecar boxi Paaﬂnw

N- (13- (2-(((2-Bronophenyl ) met hyl)ani no) et h)él,) phenyl) - 2- ' —
t hi ophenecar boxi m dam de; -
N (3 (2- (P e
N(4-(2-(Et ﬁWam no) g%&%bﬁenyi {:Qe greh %ne o%‘%ﬁ!‘%ﬁmge;t at of Example
N-(4-(2-(2- Pyfopyl am no) et hyl )phenyl ) 2- th| ophenecar boxi m dam de; '

N (4-(2-(1- Pro | th I qlohenec rbommdmde

N_(4 (2 ( | SR e C Qi -lxélate_mp
N-(4-(2-(n B)E; i@m@o) et hyI )phenyl) 2-t hi ophenecar bOXI m dam de;

N-(3-(2-(Me | am no) et hyI )phenyl )-2- th| ophenecar boxi m dam de;

N-(3-(2-(1- F{bihpylf : gth tpig

-2-thiophenecarboximidamide free base, m.p. 144-145 °C

(c) N-(4-(2-((4&-methviphenvimethvilaminolethvl)phenvi)-2-
thiophenecarboximidamide _monohvdrochloride, m.p. 225-226 °C
(d) N-
dihvdrobromide m.p. 183-186 °C

(3-(2-((3-phenvinroovilaminolethvinhenvi)-2-thionhenecarboximidamide

(e) N-(3-(2-((2-methviphenvimethvamino)ethvliphenvi)-2-

thiophenecarboximidamide free base m.p. 114-116 °C
(f) N-f4-{2-((1-indanv])ethvhlamino)phenvil-2-thiophenecarboximidamide dioxalate,
m.p. 95 °C (dec)

(g) N-(4-(2-(((4- nv-1dvhmethvham1nmethvhnhenvn- 2-thiophenecarboximidamide

trihvdrochloride  m.p. >250°C
(h) N-(2-(2-(((2-thienvlYmethvhamino)ethvl)ohenvl}-2-thiophenecarboximidamide

dioxalate m.p. 226-227°C

Example 44

N-(3-(2-{(2-phenviethvlaminolethviinohenvl)-2-thionhenecarboximidamide

dihvdrobromide

(a) N-(2-phenviethvi)-3-nitrophenviacetamide

2.50g (0.0138 moles) of 3-nitrophenylacetic acid were refluxed in 25mis of thionyl
chloride. The solvents were evaporated and the residue taken up in 50mis of THF
before 3.51 g (0.290 mdles) 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 10 leave N-(2-phenylethyl)-3-
nitrophenylacetamide, a dull orange oil. 4.48 g. The product was analyzed by MS

and NMR.

(b) N-{2-phenvlethvl)-2-(3-nitrophenvllethviamine



N-(3-(2-(t-Butylam no)ethyl)phenyl)-2-thi ophenecar boxi m d}EepEACEMENT SHEET
N- (3-(2-(2-Propyl am no) et hyl ) phenyl ) - 2-t hi ophenecar boxi m ¢amd

] Uc,
N (3- (2- ami noet hyl ) phenyl) - 2-t hi ophenecar boxi m dam de; dz 0 NOV 1997 i 3
okdm dam de; i

-87-

N (3-(2- (D net hyl am no) et hyl ) phenyl ) - 2-t hi ophenecark

e

-63-

To a stirred solution of the product of step (a), 4.48g, (0.0ISSmOETTﬁ- ~80m1*dry
THEF was added 47.4 ml of 1M Borane/THF. The mix was hezated to reflux for 3
hours and cooled before 10 ml of methanol was added carefully followed by 20 ml
6f 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.

(c) N-(2-phenviethvl)-N-(2-(3-nitrophenviethviltrifluoroacetamide

To a slurty of the product of step (b), 2.63g, (6.00857m01es) 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
dr0pwise.- After 45 rninuies, 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)trifluoroacetamide, 3.3g, as an oil. |

(d) N-(2-phenviethvi}-N-(2-(3-aminophenvethvitrifluoroacetamide

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
hydrogsn, the reaction was complete. The catalyst was filtered off and the solvents
evaporated to leave N-(2-phenyiethyl)-N-(2-(3-aminophenyl)ethyl)

trifluoroacetamide, 2.88g, as an oil.

(e) N-(3-(2-((2-phenviethvDlamino)ethvl)phenvi)-2-thiophenecarboximidamide

dihvdrobromide

To a solution of the pl"_oduct of step (d), 2.88¢g (0.00857 moles) 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 filtered off and disca_rded. The wash
was evaporated and the residue dissolved in minimal methanol; the solution was

basified with 2M NaOH and heated to 50 °C for 30 minutes. The deprotected



T(3-(2-(Di ethyl ami no) et hyl) phenyl) - 2-t hi ophenecar boxi m dam legeMACEMERT
1,2, 3,4-Tetrahydro)i soqui nolinyl)ethyl)phenyl)-2- thiophene m dam de;
I\I—(4 (3-(2-(1,2,3, 4, -tetrahydro)isoquinol yl')propyl) phenyl) - Iﬁh mwhelg?,?
car boxi m dam de; N-(3-(2-(((2-Chlorophenyl)nethyl)amn no)ethyll)pherrfl)-2-

t hi ophenecar boxi m dam de; -

N- (3- (3- ((Phenyl net hyl ) am no) pr opyl )phenﬁ“‘) 2-t hi ophenecar boxi m dam. degm.-
N (4- (2 (U Golbos P RRRE:TRHD S B) BT kUl £NRE Wark ierhenesanbasan i

N- (4(2- ((( AwdSihareirh erSOnineatay, dried Sverah c)shh@@;ﬂf&tc&rtdwt@@bmeﬂaﬁmm di n
5. car box! mARA R GTDR PR BsHIAT Rtk HerROR o o BRy SPBEER ) 2
t hi ophenecagpgxs Ratiaid 8&dition 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 43

The following compounds were prepared by following a method analogous to that
of Example 44:

() N-(4-(2-aminoethvi)phenvl)-2-pvrrolecarboximidamide dioxalate m.p. 145 °C

dihvdrochloride m.p. 197 °C dec
(c) (R)-N-(4-(2-((1-phenvlethvl)amino)ethvl)phenvl)-2-thiophenecarboximidamide

free base m.p. 92-94 °C

(d) N-(3-(2-((4-phenvibutvl)amino)ethvl)phenvl -2-thiophenecarboximidamide

dihvdrobromide, m.p. 136-139 °C

Example 46

N-(4-(((phenvimethoxv)carbonvDaminomethvl)phenvi)-2-thiophenecarboximidamide

oxalate |
(a) 4-(({phenvimethoxvicarbonvllaminomethvi)nitrobenzene

- A sample of 4-nitrobenzylamine hydrochioride, 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 chioroformate, 4 ml. After 4 hours, the mix was treated
with 200 ml 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 mi
of water, and cooled. The resultirig solids were collected to give
4-(((phenylmethoxy)carbonyl)aminomethyl)nitrobenzene, m.p. 92-93 °C.
(b) 4-(((ghenvlmethoxv)carbonv]\aininomethvhaniline '



N (4-(2- ((N-Phenyl nmet hyl - N- et hyl ) am no) et hyl ) phenyl ) - 2- tjAT 0pN T '
car boxi m dam de; ' RE&LA%%?AENT SHEE

N- (3- (2- (((3- Chl or ophenyl ) net hyl ) ami no) et hyl ) phenyl ) - 2-t hj tpﬁed‘eﬂov 1997

car boxi m dam de;

N-(3-(2-(((3-fuorophenyl) et hyl)am no) et fgsl ) phenyl ) - 2-t hi

car boxi m dam de;

*N- (4~ (3- (( TBe pmbducsstistapl fajep6.0y wastireadedrwitly [10phbof hyetit idfit
boxi m dani de; . ) . .

(4 (30 pFRSHOAT TR TEHER W34 FaReroySh SIATIONER SR EHb9PNGAE & and

car boxi m dagredfdd with 50 psi of hydrogen gas; after 20 hours, the mixture was ﬁltcr.eg and

N- (4- (3- ((phenyl am no) car bonyl )%ro%yl ) pheny) - 2- t'hi ophenecar boxi m dam de;

N- ( 4- ( 3- ( ( peeapovared iy [vaea Dhearcsidug IWasr dissplvedhiani0) m -of feitherh and dilubsgwithdarni

de; . . i

N (4- (3- ((1 PEAPFLIQ 499 Pl TG TSR 10 ERE) e, For_ B fiaws nshBltsred deciveani d

e - 4-(((phenylmethoxy)carbonyl)aminomethyl)aniline, m.p. 60-64 °C _ _

N- (4- (3- ((4pmrphoi nyl ) car pr opyl oxy) phenyl ) - 2-t hi ophenecar boxni dami de

N- (4- (2- (( ptfar ; iphenvl+2hi ophenecar bexdni dani

de; thiophenecarboximidamide oxalate |
The product of step (b), 0.89 g, and S-methyl-z-thiophencthiocarbo:dmide

hene

hydroiodide (the product 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 mi 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 m] of warm isopropanol and
treated with oxalic acid dihydrate, 0.26 g. On cooling and treatment with 150 ml of
ether a tacky precipitate resulted. After stirring overnight at room temperature, the
resulting solids were collected by ﬁltfation to yield _
N-(4-(((phenylmethoxy)carbonyl)aminomethyl)phenyl)-2-thiophene carboximidamide
oxalate, m.p. 150-160 °C

Example 47 _

N-(4-(2-((phenvimethvllamino)eth oxv')ghenvl )-2-thiophenecarboximidamide

(a) 4nitrophenoxyv-N-(phenvimethvlacetamide

A sample of 4-nitrophenoxy-N-(phenylmethyl)acetic acid hydrazide (Lancaster), 4.22
g, was treated with 20 ml of 1 M aqueous HCI and 200 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 separated, and



N—(4 (3-((phenyl am no) car bonyl ) propyl ) phenyl ) - 2- pyrrol ec

N-(3 (2- ((phenyl am no) car bonyl ) et hyl ) pheny1l) - 2-t hi opheneiﬁwbﬂﬂ@xmsﬁﬁﬂ
- 88

N (4-(3- ((phenyl am ncncar bonyl ) propyl ) phenyl ) - 2- f ur ocar bo

N- (4- (3- ((phenyl am no) car bonyl ) propyl ) phggyl ) - 3- chl or o- 2-

rpo [
k )zoggm de; 1997
t hi ophenecar boxi m dam de;

SP ((3- (( phgpe behyl Bcgrarr lagerywap ey Withheiiitm-sulfael THepathvoddZt2te GalhiKi 'ﬂ—aﬁ

reated with 5 ml of benzylamine, giving a prompt precipitate formation. After 20

minutes the mix was washed with 100 m! of saturated sodium carbonate, then 100
mi of 1 M HCI (aqueous). The ethyl acetate layer was then evaporated. The solids
were dissolved in 50 ml of acstone, 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-amindnhenoxv-N-(nhenvlmcthvﬁacctamide.
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 oﬁ
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-((phenvimethvi)aminolethoxvianiline
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 aquedus HCl, and refluxed for 2 hours. The
filtrate was concentrated under vacuo to 150 ml. The cloudy mix was treated with
100ml of crushed ice and neutralised with 50 % NaOH, and the resulting fine solids
were'colleaed. washed with water, and dried by intrared to give 4-(2-
((phenyimethyl)amino)ethoxy)aniline, MS = 243, 98 % by capillary electrophoresis
(d) N-(4( 2-({(phenvimethvhamino)ethoxviphenvl)-2-thiophenecarboximidamide
hvdroiodide
A sample of 4—(2-((phenylmethyl)amino)ethoxy)aniline, 0.81 g-and S-methyl-2-
thiophenethiocarboximide hydfoiodide (the product of Example 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 wérc collected by filtration, washed with 10
ml of isopropanol, and dried in vacuo to provide white solids, N-(4-(2-
((phenylm.cthyl)amino)ethoxy)phenyl)-z-thiophenecarboximidamide hydroiodide,
m.p. 193-195 °C.
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was dumped into water and extracted with methylene chlonde (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
vield 4-[diphenylamino(carbonyl)aminocjaniline: (0.49 g. 17%); M.S. (M+H)*=

304.

(b) N-T4-(f(Diphenviamino)carbonvllaminoiphenvll-2-thiophenecarboxamidine

hvdrochioride _

To a solution of the product of step (a) (0.49 g, 1:62 mmol) in isopropanol (10 ml)
was added'S-methyI-Z-thiophenethiocarboximidc hvdroiodide (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, ﬁl-tex_'cd,
and concentrated to an oil. Treatment with IPA/HC] vielded 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-((benzovllamino)phenvl)-2-thioohenecarboximidamide oxalate

(a) N-(3-nitrophenvibenzamide

To a solution of 7.5 g (34 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 m! (52 mmol) of benzoyl chloride in 25 ml of methylene chloride. The

reaction mixture was allowed to stir overnight and the organic phase was separated
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step (b). MS 213 (M+H).

(c) N-(3-((benzovlYamino)phenv)-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-{(benzovlaminophenv)-2-thiophenecarboximidamide hvdroiodide

(a) N-{3-nitrophenviibenzamide |

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

(b) N-(4-aminophenvlbenzamide

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

(c) N-(4-((benzovi)amino)phenvh)-2-thiophenecarboximidamide hvdroiodide

This compound was prepared following the procedure of Example 26, step (b) and

was recrystallized from water, m.p. 234-5 °C.

Example 51
N-(3-(((phenvlamino)carbonvilaminolphenv-2-thiophenecarboximidamide oxalate
(a) N-phenvi-N"-(3-nitrophenyl) urea

To a solution of 5.0 g (36 mmol) of m-nitroaniline in 40 mi 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 com;ﬁound, MS 258 (M+H).

(b) N-phenvl-N'-(3-aminophenvl) urea

This compound was prepared by a process analogous to that of Example 30, step
(b). Slurring the isolated product in ether afforded a solid product, m.p. 199-202
°C. |
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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 32

N-(3-((( 4 phenoxvibutvhaminolcarbonvlphenvl)-2-thiophenecarboximidamide
oxalate

(a) 3-nitro-N-(4-phenoxvbutvi\benzamide

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

(b) N-((3-4-phenoxvibutvilaminolcarbonvhaniline hvdrochloride

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
hvdrogenated 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).

(c) No(3-1(( 4-phenoxviburvllamino)carbonvl)phenvi-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-phenvibutyDlamino)carhonyl\phenvl)-2-thiophenecarboximidamide oxalate

(a) 3-nitro-N-(4-phenvibutvhbenzamide

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

(b) 3-amino-N-( thenvlbutvl)benzqmlde hvdrochlond

This compound was prepared foliowing a process analogous to that of Example 52,
step (b). MS 273 (M+H) '
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This compound was prepared following a process analogous to that of Example 49,

step (a), m.p. 172-82 °C.

(b) N-benzvi-(4-amino)phenviacetamide

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

(c) N-ra-((f( benzvharninmcarbonvl\methvhnhgnvi\-?__-thionhenecarboximidarnide _

This compound was pre.pared following the procedure of Example 30, step (c), m.p.
157-161 °C.

Example 33

N-(4-(2-(1-pvrrolidinvilethvliphenvi)-2-thiophenecarboximidamide dihvdrobromide
(a) N-ovrrolidinvl-(4-nitrophenviacetic acid

To a solution of 3.12 g (43.9 mmol) of pyrrolidine in a biphasic solution consisting
of 100 ml 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 methvlene
chloride. The reaction mixture was allowed to stir overnight and the organic phase
was separated and washed with dilute hydrochloric acid. The solvent was
concentrated to give 6.26 g (73%) of the title compound, m.p. 103-5 °C.

(b) 4-(2-(1-pvrrolidinvilethviInitrobenzene

This compound was prepared following ihe procedure of Example 17, step (c). MS
221 (M+H). | '
(c) 4-(2-(1-pvrrolidinviethvianiline
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dihvdrobromide .

This compound was prepared following the procedure of Example 18, step. (b).
I'he.dihydrobromide salt was crystallised from isopropanol and ether, MS 300
(M+H).

Example 56

N-{4-(2-(1-piperidinvhethvlphenvi)-2-thiophenecarboximidamide dihvdrochloride

(a) N-piperidinvl-(4-nitrophenvlacetic acid |

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

(b) N-(2-(2-(1-piperidinvDethvl)nitrobenzene _
This compound was prepared following the proc_:edﬁre of Example 17, step (c), MS
235 (M+H). ' | |

(c) N-{4-(2-(]-piperidinvDlethvilaniline _

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

(d) N-r4-r2-(1-nioeridinvhethvi\phenvl)-2-thiophenecarboximidamide

dihvdrochioride

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 37 _
N-(4-(3-(1-pvrrolidinvl)propvlphenvi)-2-thiophenecarboximidamide dioxalate
(a) N-pvrrolidinyl-(4-nitrophenyl )propenamide |
This compound was prepared following the procedure of Example 53, step (a), MS
247 (M+H). |

(b) 5;@-( 1-{{pvrolidinvilcarbanvllethvDaniline

e a2
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(c) 4=(3-(pvrolidinvi)propvDlaniline dihvdrochloride

This compound was prepared following' the procedure of Example 17, step (c¢). The
dinydrochloride salt from ethanol, m.p. 262-5 °C.

. (d) N=(4-(3-(1-pvrrolidinvl)propviiphenvi}-2 -thiophenecarboximidamide dioxalate

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

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

Example 58

N.(4-3-(1-piperidinv])nrooviiphenvi)-2-thiophenecarboximidamide dioxalate

N R A Yy A A R

(a) N-piperidinvi-(4-nitrophenviyoropenamide
This compound was prepared following the procedure of Example 53, step (a), m.p.
168-71 °C.

(b) 4-(2-(1-((piperidinvhicarbonvilethvilaniline

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

(c) Nx(4-2-(1-piperidinvliproovianiline

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

m.p. 180-5 °C.

(d) N-(4-(3-( 1-pioeridinvl)propvliphenvi)-2-thiophenecarboximidamide dioxalate

This compound was prepared fol]owing the procedure of Example 17, step (e).

The dioxalate salt was prepared from ethanol and ethyl acetate, MS 328 (M+H).

~ Example 39
N-(4-(2-(2-(1.2.3.4-tetrahvdro)isoaquinolviet

dihvdrobromide

hvl ohenvl\-Z-thionhenecarboximida'mide

(a) 4-nitro-N-( 2-isoquinolviyphenvlacetamide

To a solution of 4-nitrophenylacetic acid (5.43 g 930 mmol) 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 g, 32 mmol).
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This compound was prepared following the procedure of Example 34, step (c), m.p.
300 °C (dec).

thiophenecarboximidamide dihvdrobromide

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-(({(phenvimethvl)amino)methvicarbonvl)amino)phenvi}.2-

thiopbenecarboximidamide free base

(a) N-(4-nitrophenv])-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 chioride (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 ml 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-(({(phenvimethvl)amino)methvilcarbonvlamino)nitrobenzene

The compound of step (a) (4.28 g) and benzylamine (2.5 ml) were combined in
DMF (10 ml) with potassium carbonate (3.2 g) and stirred at room temperature for
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- combiaed filrates were siowly diluted with water 10 150 ml to give yeliow solids,
which were collected by filtration, and air dried to give 4- .
((((phenylmethyl)amino)methylcarbonyl)amino)nitrobenzene, MS 286 (M+H).

| (c) 4 ghenvlmérhv] \(trifluoromethvicarbonvhlaminoYmethvicarbonyl)
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 mI) 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-((((phenvimethvl)(trifluoromethvicarbonvl)aminoYmethvicarbonvl)amino)aniline
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)(trifluoromethylcarbonyl)amino)methylcarbonyl)amino)-aniline,
MS (M+H)=352.

(e) N-(4-((((phenvimethvllamino)methvlcarbonvl)amino)phenvi)-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 in chloroform 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 to remove
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car boxi m daffod@ct. The filtrate was further diluted with hexane, and washed with water The
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ot 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 gi;re N-(4-
((((phenylmethyl)amino)methylcarbonyl)amino)phenyl)-2-

| thiophenecarboadmidamide, free base, m.p. 161-163 °C.

_Em_v.l_éﬂ

dioxalate

(a) 4-Nitrophenvl acewl 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 6i1 crystallized upon standing to leave 4-
nitrophenyl acetyl chloride (35 g).
(b) 4(2-(((2-Furanvlymethvllamino)ethvl)nitrobenzene hvdrochloride
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 mi). 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
pﬁriﬁed on a silica gel column eluted with the same solvent. The product was
collected and concentrated. The solid was taken up in THF (50 ml) and treated
with 1M Borane/THE (50 ml). The solution was refluxed for 15 hours. The
mixture was cooled to 0 °C and was slowly made acidic with 4N hydrochloric acid.



N-(4-(2-((propyl) (phenyl met hyl ) am no) et hyl ) phenyl ) - 2-t hi oplr
de; N-(4-(2-(( 1, 1-dinethiylethyl)(phenyl nethyl)am no)ethyl
t hi ophenecar boxdm dam de;

N-(4-(2-((3, 4-di chl orophenyl net hyl ) am no) et hyl ) phenyl ) - 2-

t hi ophenecar boxi m dam de;

N-(4-(2-((3.5-bistrifluoronethyl phenyl meth6>7l)am no) et hyl ) ph ni/slr)rga-/_}
thl( op?en(eca}[}'bexmmuﬂamade:fi;atﬁd to Ir)cﬂux axr]]d stirred for 4bhours d’l‘hc > ¢id and
N-(4-(3-(et m no) pr o y 2-t enecay boxi m danm de;

N (4 (- (cit SHE PanE iRt e oy, S Som BB AR SRFrY Q¥R Gken up in

N-(4- (2- (( 35aferqior AN khart 'a):éﬁ‘:é‘gi(ﬁ | Rl RRAZS096 GBARIAY | %x‘i!ﬁf&ede
N-(4-(2-((3-chl orophenyl net )amn ") phenyl) - 3-chl or ot hi ophéne- 2-

car boxi m dammdiextracted with cthyl acetate (3 X 125 ml). The organic layers were collected,

2 B B Kb SnE P, RSO o3 Bl Lo o e

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).

(c) 4-(2-(((2-furanvl)methvD)aminodethvl) aniline dihvdrochloride.

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 évaporated 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 mi).
The organic layers were collected, dried (MgSO,), filtered and concentrated. The

remaining oil was taken up in isopropyl alcohol (25 ml) and treated with saturated
IPA/HCI (10 mi). The white solids were filtered and washed with isopropyl alcohol
to leave 4-(2-(((2-furanyl) _

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

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). 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 organic 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 column eluted with
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20% methanol/methylene chloride. The product was collected and concentrated to
an oil, which was taken up in isopropyl aicohol and weated with 2.5 equivaients 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-PyridylYmethvl }ammo\ethvl \phenvi)-2-thiophenecarboximidamide
trihvdrochloride, m.p. decomposes >250 °C.

(b) N-(4-(2-(((2-Thiophenvl)methvl)amino ethyl)phenyl)-2-

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

Example 63

N-(4-((amino\carbonvl)phenvl)-2-thiophenecarboximidamide hvdroiodide
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

(a) N-(4-nitroohenvl)-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).
() -(4-(((7-th1envhcarbonvl)ammo)p_henvl) -2-thiophenecarboximidamide oxalate
This compound was prepared following the procedure of Example 7, step (c). The
- free base was converted to the oxalate salt in isopropanol, m.p. 231-3 °C.
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acceptabie salt thereof, for use as a pharnmaceutical. 12.
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or for theﬁ(&%(ﬁﬁﬂfmﬂ&nﬂﬂﬁ%(ﬁ#&h%éﬂﬂm\meth_vn henvh)-2-thiophenecarboxamidine

difumaraie

a) 4-faminomethvaniline

To a solution of 4-nitrobenzylamine hydrochloride (9.0 g, 4.7 mmol) in methanol
(200 ml) was added a catalytic 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
hvdroxide (20 ml), was extracted twice with dichloromethane, the organic layer
dried (MgSO,), filtered and was concentrated 10 yield (6.1g) of 4-
(aminomethyl)aniline. '

b) N-f4-({r{3-thiophenvhliminomethvhaminoYmethvl)phenvi)-2-

thiophenecarboxamidine difumarate

A mixture of the compound of step (a) (1.6 g 1.3 mmol) and S-methyl-2-
thiophenethjocarboximide 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% ﬁqueous sodium hydroxide, and the solid-collected by
filtration to yield (2.5g) of crude N-(4-((((2-
thiophenyl)iminomethyl)amino)methyl)phenyl)-2-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-thiophenvDiminomethvi)amino)ethvl\phenvi)-2-

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

Example 68

N-(4-((((3-methviphenvhiminomethvDaminolethvl\ohenvi)-2-

thioohenecarboxamidine difumarate

a) N-(4-(2-aminoethvliphenvl)-2-thiophenecarboxamidine



13. A process for the preparation of a conpound of for
in claiml, or a pharmaceuti.cally acceptable salt thereof | rRePLOGEVS
{a) preparing a conpound of fornula I, by reacting a corlrgspondi n
conpound of forrula I [err] wherein Dis as defined iin chaﬂrNﬁNg
Is a |l eaving group, with a conpound of fso({.rrula 1]

QWL_;-

To a solution of 4-aminoethyl aniline dihydroch]on'dé (1.4 g, 6.6 miiol) and S-
mcth;.'!~:’.-t1:iaphcz;cthiccarbo:dniide 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 10 give N-(4-(2aminoethyl)phenyl)-2-thiophenecarboxamidine (4.1g) as
an oil. _
b) N-(4-((((3-methviphenyl)iminomethyl)aminolethvphenvi)-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 ml).
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
difurnarate 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-thiophenvlliminomethvllamino)ethvl)phenvl)-2-

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

Example 70

dihvdrochloride

a) - [2-{4-nitrophenviethvljpvrimidi-2-vlamine

To a solution of 4-nitrophenethylamine hydrochloride (2.0 g, 9.8 mmol) in
dimethylformamide (20 ml) was added potassium carbonate (10 g) and 2-
chloropyrimidine (1.6 g, 1.4 mmol). The mixture was heated to 100 °C for 24 hours,
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Example 65

N-[4. (/[(DichenviamingcarbonvDaming methvlinheavil-2-thiophenecarpoxamidine

oxalate |

(a) 4-((((Diphenviaminolcarbonvlamino)methvDnitrobenzene

To a stirred solution of 4-nitrobenzylamine hydrochloride (1.04 g, 5.51 mmol) and
iriethylamine (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 vield a solid which was
recrystallized from ethyl acetate/hexane/methanol to give |
4-((((diphenylamino)carbonyl)amino)-methyl)nitrobenzene as a white solid: 1.37 g
(72% vield); m.p. 137-138 °C.

(b) 4-((((Diphenvlamino)carbonvlaminoYmethvianiline

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-(({(Diphenviamino)carbonvlaminoYmethvl)phenvil-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 chioroform ( 3 X 30 ml). The combined extracts were washed with water,
dried (MgSO)), filtered, concentrated, and chromatographed over silica (6%
methanol/methylene chioride) . to an oil which solidified upon standing. A small -

amount was isolated as the oxalate salt: (48 mg); m.p. (dec) 150 °C.

Example 66
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filtered and concentrated to yieid a crude solid. The monohydrochloride salt was
made from ethyl acetate, isopropanol to yield (2.4g) of [2-(4-nitrophenyl)ethyl]
pyrimidi-2-ylamine hydrochloridc.

b) [2-(4-aminophenvi)-ethvlipvrimidi-2-viamine

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 yield 1.3g of [2-(4-aminophenyl)-ethyl}pyrimidi-2-ylamine.

¢) N-(4-(2-((pvrimidin-2-vi\amino)ethvl)phenvi)-2-thiophenecarboxamide

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 product of Example 1, step (d)). The reaction was stirred for 72 hours, diluted
with. 20% sodium hydroxide and extracted wwice with ethyl acetate. The combined
extracts were washed twice with water, dried (MgSO,), filtered and concentrated.
The hydrochloride salt was made from methahol and isopropanol to yield N-(4-(2-
((pyrimidin-2-yl)amino)ethyl)phenyl)-2-thiophenecarboxamide dihydrochoride. m.p.
191-192 °C.

"Example 71

N-{4-(2-((phenvimethv)lamino)ethoxv)-2-fluoro-phenvl)-2-thiophenecarboximidamide

a) 3-fluoro-4-nitrophenoxvacetic acid

A sample of 3-fluoro-4-nitrophenol (5.18 g) and potassium carbonate (10 g) was
treated with DMF (20 mi). Ethyl bromoacetate (5 ml) was then added, and the
mixture was stirred at 22 °C. After two hours the mixture was treated with
metﬁanol (20 ml) and water (40 ml) and allowed to stir. After an additional i\wo :
hours, the mixture was diluted with water to 200 ml and the solids filtered off. The
filtrate was acidified and the solids collected to give 3-fluoro-4-nitrophenoxyacetic
acid, m.p. 90-92 °C.
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b) N-phenvimethvi-3-fluoro-4-nitrophenoxvacetamide

A sampic of the cempound of step {(a) {2.84 g) was dissolved in dry THF (100 rn},
then methylmorpholine (1.45 ml) Qas 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-

phenylmethyl-3-fluoro-4-nitrophenoxyacetamide, m.p. 128.5-130 °C.

(c) N-(4-(2-((phenvl methvhamino\ethoxv\-z-ﬂuom-nhgnvl\-Z-

thiophenecarboximidamide

The product of step (b) was converted to N-(4-(2-((phenvimethyl)amino)
ethoxy)-2-fluoro-phenyl)-2-thiophenecarboximidamide free base following a process

analogous to that of Example 19, steps (¢) and (d); m.p. 105-107 °C.

Examole 72

N-{4-(2-((phenvimethvl)(methv] yamino)ethvl\phenvilrifluoroacetimidamide

4-(2-((phenylmethyl)(methyl)amino)ethyl)aniline dihydrochloride (prepared
following method of Example 19, steps (a)-(c)) (1.03 g) was dissolved in Qater (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. ;\fter
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 mixture (125 ml), giving
N-(4-(2-((phenylmethyl)(methyl)amino)ethyl)phenyl)-triflucroacetimidamide, as a
tan solid, m.p. 105-107 °C.
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Claims
1. A compound of formala I
R ‘
N NH,
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~ D
wherein

D represents phenyl, pyridinyl or 2 5 membered héterocyclic aromatic ring
containing 1 to 4 heteroatoms selected from O, S and N, which three groups are
optionally substituted by one or mdre groups selected from alkyl C1 to 6, alkoxy C1
to 6, halogen and pqrﬂuoroalkyl 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(CHp),NR’R*, -X(CH,),NHCOR’ or -(CH,) NHC(NH)R";

R? and R* independently represent hydrogen, alkyl C1 to 6, (CHZ),A, -(CH,),0A
or -CH(CH,)(CHa:A;

or -NR°R* together represent-i-indenyl: 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 C1 to 6, -(CH,)A or

-O(CH)A; |

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 bnc_ or more groups selected from alkyl C1 to 6, halogen,
nitro, cyano and trifluoromethyl;

R® 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 subsfimted 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 represent an integer in the range 0 to 6 inclusive;
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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 S inclusive;
q and t independently 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 formuta 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 rénge 2 to 6 inclusive;
(c)  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;
(¢)  when R? represents -(CH,) NHC(NH)R®, R' represents hydrogen and D and
RS have the same definition and represent phenyl optionally substituted by alkyl C1
to 4 or one or more alkoxy C1 to 3 groups or one or more halogen atoms; or
pyridinyl, then q does not represent 0;
or a pharmaceutically acceptable salt thereof.
2. A compound as claimed in claim 1, wherein D represents phenyl, thiophene,
pyrrole, furan 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
Clto6.

3. A compound as claimed in claim 1 or claim 2, wherein D represents
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thiophene, furan or pyrrole.

4. A compound as claimed in any one of the preceding claims wherein R?
represents -X(CH,),NR’R* or -(CH,),NHC(NH)R®.
5. A compound as claimed in any one of the preécding claims wherein R?

represents -X(CH,),NR’R", X represents a bond and either -NR’R* represents
1,2,3,4-tetrahvdroisoquinolinyl or 4-iadasgl-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?
repres;ems -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
grouf:s 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)R®, 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 clalms 1 to 4 and claim 7 wherein R2
epresents -(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)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(1-((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(1-((phenethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((2-chlorophenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((3-fluorophenylmcthyl)amino)ethyl)phcnyl)-2—thiophenecarbo:dmidamide;
N-(4-(2-(((2-methylphenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(methylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide;
N -((Lmorphoﬁnylmethyl)phcnyl)-2-thiophenecarboximidamide;
N—(B-(((phenylmethyl)amino)mcthyl)phcnyl)-z-thiophcnecarbon‘midamide;
N-(4-(2-(((2.6-dichlorophenyl)methyl)amino)ethyl)phenyl)-2-thiophene
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carboximidamide; ! -
N-(4-(2-({(2-bromopkenyl)methyl)amino)ethyl)phenyl)-2-
tﬁiophcnecarboﬁmidamidc; |
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)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-aminoethyl)phenyl)-2-furocarboximidamide dioxalaté;
N-(4-((1-piperidinyl)methyl)phenyl)-2-thiophenecarboximidamide;

' N-(4-((l-pyrrolidinyl)methy])phenyl)-2-thiophenecarboximidanﬁde;
N-(3-(((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(3-((amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-((phenyimethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(3-(2-(Ethylamino)ethyl)phenyl)-2-thiophenecarboximidamide;

' N-(3-(3-((Phen_vlethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-(((2-Bromophenyl)methyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide; |
N-(3-(2-(Phenylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(Ethylamino)ethyl)phenyl)-2-thiophenecarbo:.dmidamide;
N-(4-(2-(2-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(1-Propylamino)ethyl)phenyl)-2-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-Pr-opylamino)ethyi)phenyl)-Z-tIﬁophcnecarbo:dmidamide;
N-(3-(2-(t-Butylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-(2-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide;
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N-(3-(2-(Dimethylamino)ethyl)phenyl)-2-thiophenecarboximidamide;

' N-(3-(2«(Disthylamino)ethyl)phenyl)-2-thiophenecarbeximidamide;
N-(3-(2-(2-(1,2,3,4-Tetrahydro)isoquinolinyl)ethyl)phenyl)-2-
thiophenecarboximidamide;

| N-(4-(3-(2-(1,2,3,4,-tetrahydro)isoquinolyl)propyl)phenyl)-2-thiophene
carboximidamide; '
N¥(3-(2-(((Z-Chlorophenyl)methyl)amino)ethyl)phenyl)-z-
thiophenecarboximidamide;

© N-(3-(3-((Phenylmethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide;

N- (4-(2-(((3-Chlorophenyl)methyl)amino)ethvl)phenyl)-z-thiophenccarboxamidine;
N-(4-(2-(((4~C1ﬂorophcnyl)methyl)ammo)ethyl)phcnyl)—"-thlophenecarboxatmdme
N-(4—(7-(((3—Chlorophenyl)methyl)ammo)ethvl)phenvl)-3-chlorothzophenc-
2-carboximidamide;

N-(3-(2-((N-Phenylmethyl-N-methyl)amino)ethyl)phenyl)-2- |
thiophenecarboximidamide;
N-(4—(2-((N-Phenylmethyl-N-methyl)ammo)ethyl)phenvl) 7-th10phene
carbo:nmldamlde
N-(3-(2-(((3-Chlorophenyl)methyl)amino)ethyl)phenyl)-2-thiophene
carboximidamide;
N-(3-(2-(((3-flucrophenyl)methyl)amino)ethyl)phenyl)-2-thiophene carboximidamide;

‘N-(4-(3-(((3-Chlorophenyl)methyl)amino)propyl)phenyl)-2-thiophene
carboximidamide;
IN-(4-(3-((phenyhnethyl-N—methyl)aminp)propyl)phenyl)—?.-thiophene
carboximidamide; '
N-(4-(3-((pheny1amino)carbonyl)propyl)phenyl)-z-thiophenecarboximidamide;
N-(4-(3-((phenylmethylamino)carbonyl)propyl)phenyl)—?.-thiophenccarboximidamide;
N-(4—(3-((l-pyrrolidyl)carbonyl)propyloxy)phenyl)-2-thiophenecarbo:dmidamide; '
N-(—4-(3-((4-morpholinyl)carbonyl)propyloxy)phenyl)-Z-thiophenccarboﬁmidamide;
N-(4-(2-((phcnylmethyfamino)carbonyl)ethyl)phcnyl)-Z-thiophenecérbo:_dmidamidc;
N-(3-(2-((phenylamino)carbonyl)ethyl)phenyl)-2-thiophenecarboximidamide;
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N-(4-(3- ((phenylammo)carbonyl)propyl)phenyl)-B-chloro-2—

thiophenecarboximidamide;

N-((3-((phenylamino)carbonyl)propyl)phenyl)-1-methylpyrrole-2-carboximidamide:
N-(4-(3-(1-(4-merthylpiperazinyl)carbonyl)propyl)phenyl)-2 -thxophene
carboximidamide;
N-(4-(3-((l-pvn'ohdyl)carbonyl)propyl)phenvl)-z-thlophenecarbommxdamxde
N-(4-(:-((4-morpho)my1)ca.rbony])propyl)phcnyl)-2-thlophenccarbox:mldarmdc;
N-(4-((pbenylamino)carbonyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((4-morpholiny1)carbonyl)ethyl)phenyl)-z-methylthiazole-&carboﬁmidamide;
N-(4—(2-(((4—morpolinyl)carbonyl)amino)ethy])phenyl)thiophene-2-carboximidamide :
N-(4—(3—(phenylaminocarbonyl)propyloxy)phcnyl)-z-thiophenccarbo:dmidamide;
N-(4-(2-(((triffuoromethyl)carbonyl)amino)ethyl)phenyl)-2-
thiophenecarboximidamide;
N-(4—(2-(((methyl)carbonyl)amino)ethyl)phenyl)-2-thiophehecarbo:dm_idamide;
N-(4-(2-(((phenylmethyl)carbonyl)amino)ethyl)phenyl)-Z-thiophenecarboximidamide;
N-(4—(2-(((phen_vl)carbonyl)amino)ethyl)phenyl)-Z-thiophenecarbo:dmidamide;
N-(4—((-phenyliminocarbonyl)amino)phen_vl)-?.-tlﬂophcnecarboximidamide;
N-N"-(1,4-phenylene)bis-2-thiophenecarboximidamide;
N-N"-(1,3-phenylene)bis-2-thiophenecarboximidamide;
N,N’<(1,3-phenylene)bis-2-chlorophenylcarboximidamide;

| N,N’-(1,4-phenylene)bi;-3-ch1orotlﬁophene-Z-carboﬁdmidamide;
N-(4-(((2-methoxypheny1)iminocarbonyl)amino)phenyl)-z-thiophene
carboximidamide;
N-(4-(((Phcnyl)iminocarbonyl)amino)phenyl)—S—chlorothiophene-2-carboximidamidc;
N-(4-(((Phenyl)iminocarbonyl)amino)phenyl)-3-thiophenecarboximidamide;
N-(3-(((phcnyl)iminocarbonyl)amino)phenyl)-Z-thiophenecarboximidamide; ‘
N-(4-(((4-chlorophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamine;
N-(4-(((2-chlorophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide;
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N-(4-(((4-bromophenyl)iminocarbonyl)amino)phenyl)- 2 hlophcnecar”bonmxdamxdc
N-(4-(((3-chloro-4-methylphenyl)iminocarbonyl)amino)phenyl)-2-thiophene
carboximidamide;
N-(4-(((3,5-dimethoxyphenyl)iminocarbonyl)amino)phenyl)-2-
thiophenecarboximidamide;
N-(4-(((3,5-dichlorophenyl)iminocarbonyl)amino)phenyl)-2-
thiophenecarboximidamide; -
N-(4—(((Phcnyl)iminocarbonyl)amino)phcnyl)-z-furancai'boximidamide;
N—(4—(((3-methvlphenyl)iminocarbonyl)amino)phenyl)-z-
thiophenecarboximidamide;
N-(4-(((3-Methoxyphenyl)unmocarbonyl)a.nnno)phenvl)-‘?-thxophene
carboximidamide;
N-(4-(((3-Bromophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide;
N-(4-(((3-chlorophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide;
N-(4-(((3-methylphe'ny1)iminocarbon_yl)amino)phenyl)-2-pyrr01ecarbo:dmidamidc;
N-(4-(((4-chlorophenyl)iminocarbonyl)amino)phenyl)-2-pyrrolecarboximidamide;
N-(4-(2-(((Pheny1amino)carbor_lyl)a.mino)ethyl)phenyl)-z-thiophenecarbommidine;
N-(4-(2-(((phenylamino)carbonyl)oxy)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-((bis(phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-aminomethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(1,2,3,4-tetrahydroisoquinolin-2-ylmethyl)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)-phenylcarboximidamide;
N-(4-(2-((4-methoxyphenylmethyl)amino)ethyl)phenyl)
-2-thiophenecarboximidamide;
N-(4-(2-((Lmethylphenylmethyl)amino)ethyl)phenyl)-2-thiophenecarbo:dmidamide;
N-(3'-(2-((3-pheny1propy1)amino)ethyl)phenyl)-?.-thiophcnecarboximidamide;

N-(3-(2-((Z-methylphenylmethyl)amino)ethyl)phenyl)-2-thiophenecarbo:dmidamide;

t

30 .
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N-{4-{2-({(4-pyridyljmethyl)amino)ethyl)phenyl)-2-thiophenecarboxdmidamide;
N-(4-(2-( ((Z-thienyl)mcthyl)amino)cthyl)phenyl)-z-thiophcnccarbo:dmidamide; '
N-(3-(2-((2-phenylethyl)aniino)ethyl)phenyl)-z-thiophenecarboximjdamide;
N-(4—(2—aminoethy1)phenyl)-z-pyrrolcca:bo:dmidamide;
(S)-N-(4-(2-((1-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
(R)-N-(4-(2-((1-phenylethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(3-(7-((4-phenylbutvl)amino)ethyl)phenyl)-"-thiophenecarbo:dmidanﬁde;
N-(4—(((phenvlmcthoxy)carbonyl)ammomethyl)phenvl) -2-thiophene
carboximidamide;
N-(4-(2-((phenylmethyl)amino)ethoxy)phenyl)-2-thiophenecarboximidamide;
N-(4-(((diphenylamino)carbonyl)amino)phenyl)-2-thiophenecarboxamidine;
N-(3-((benzoyl)amino)phenyl)-2-thiophenecarboximidamide;
N-(4-((benzoyl)amino)phenyl)-Z-thiophenecarbo:drhidamide;
-(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)-2-thiophenecarboximidamide; |
N-(4—(2—(1-piperidinyl)ethyl)phcnyl)-z-ﬂﬁophcnecarboxirnidémide;
N-(4-(3+( l-pyrrolidinyl)propyl)phenyl)-z-thiophenecarboximidﬁmidc;
N-(4-(3-(1-piperidinyl)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(2+( 1,‘.7.,3,4—tetrahydro)isoquinolyl)ethyl)phenyl)-i-thiophenecarboximidam ide
N-_(4—((((pheqylmethyl)amino)methylca:bonyl)arnino)phenyl)-Z—
thiophenecarboximidamide;
N-(4-(2-(((2-furanyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(((2-Pyridyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(AQ(Z-(((2-Thiophcnyl)methyl)amino)ethyl)phenyl)-2-thiOphenccarbo:dmidamidc;
N-3-((aminocarbonyl)phenyl)-2-thiophenecarboximidamide;
N-(4~( ((Z-thienyl)carbonyl)amino)phenyl)-z-ﬂﬁophenecarboximidamide.;
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N-{4-((((Diphenylamino)carbonyl)amino)methyl)phenyl}-2-thiophemecarboxamiidine;
N-(4-((((2-*hicphenyl)iminomethyl)amino)methyl)pheny!)-2-
thiophenecarboxamidine; -
. N-(4—((((Z-thxophcnyl)umnomethyl)a.mmo)ethyl)phenyl)- -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)-z-ﬂuoro-phenyl)-z-thiophene
carboximidamide; _
N-(4-(2-((phenylmethyl)(methyl)amino)ethyl)phenyl)triflucroacetimidamide;
N-(4-(2-((ethyl)(phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-((propyl)(phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide;
© . N-(4-(2-((1,1-dimethylethyl)(phenyimethyl)amino)ethyl)phenyl)-2- |
thibphenecarbmdmidamide;
N-(4-(2-((3,Ldichlorophenylmethyl)amino)ethyl)phenyl)-z- :
thjophenecarbo:dmidamide;
N-(4-(2-((3,3-bistrifluoromethylphenyimethyl)amino)ethyl)phenyi)-2-
thiophenecarboximidamide; |
N-(4-(3-(ethylamino)propyl)phenyl)-2-thiophenecarboximidamide;
N-(4-(2-(diethylamino)ethyl)phenyl)-2-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-methylphenyimethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine;
N-(4-(2-(piperonylamino)ethyl)phenyl)-2-thiophenecarboxamidine;
or a pharmaceutically acceptable salt of any one thereof.
10. A pharmaceutical formulation including a compound of formula [, as
deﬁned in claim 1, or a pharmaceutically acceptable salt thereof, in admixture with
a pharmaceutically acceptable diluent or carrier. | '
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11 A compound of formula I, as defined in claim 1, or a pharmaceutxcally
acceptaoie sait thereof, for use as a pharmaceutical.

12. Use of a compound of formula I, as defined in claim 1, without proviso (e),
or a pharmaceutically acceptable salt thereof, in the manufacture of a2 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 proéesé for the preparation of a compound of formula I, 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

/‘U\ L

L D
wherein D is as defined in claim landLisa leaving group,

with a compound of formula III

R’

N |
R _ 11

wherein R' and R? are as defined in claim 1,
(b) preparing a compound of formula I, by reacting a corresponding compound of

formula IV

N
N v
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wherein D is as defined in claim 1, \w._--——-—'"“"“

with a compound of formula V

NH, . HA
R L®/ . Y

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,),ZCONRR*, -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,

Ri:-L V|

wherein R? represents alkyl C1 to 6, -(CH,)A, -(CH,).OA or -CH(CH,)(CH) A
and Lisa leaviﬁg group, _

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

-(CH,) NHC(NH)R® by reacting a corresponding compound of formula VII

. _
. N My
Soad Vil

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

with a compound of formula VIII

NH

/Lk Vil
L~ R |

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

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

-(CHz)qNHC(NH)R‘ by reacting a corresponding compound of formula IX
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6, by reduction of | a XXV err -
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R! '
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RA.H N(CTH, ) _ tl’

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

with a compound of formula X

N |
W X
R 6
wherein R® is as defined in claim 1,
69 preparing a compound of formula I in which R? represents

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

Rl
X NH,
L°°z‘°"z)n¥—®/T _ X1

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

RERUNH 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

R’

NH, -
"z"(wz)'xm Xt

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

with a compound of formula XTIV

RPR*N(CH,),COL X1V

wherein R? R* and s are as defined in claim 1 and L is a leaving group,



wher ei n Rerr], A,:Wdefined inclaiml, (q)
conpound of forrrul rein Rlerr] tepresents -X(CH2)[err]

oorLerr]) [ efr] O Wl@! i R A Y T

wherein Rerr], A D p and th afe as defined in claiml,

conpound of forrrula | wherein R2 represerr?é'-X(CHZ)[err]NR[e FTH[err] one
of R err]
-(CHerr])[

(r)

prepar| ng

PreD gg\
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conpound of _jerppt AR, by reacting a compound of formuia XIIT with a compound of

formula XV
Do _
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 XV |

wherein R is as defined in claim 1 and L is a leaving group, :
G) 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

1

| ' : A NY"":
s ; Xvil
R R‘Nco(c}iz)p_,x_g I

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

R‘l
Hy
N XVill

NOZ(CHy) X~ !

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

()  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 compound of formula XIX o



[err] wherein Rlerr], A D p and r are as defined in cl aim 1l —o sy ‘ '
preparing a conpound of fornula | wherein R2 represents REPLACEMENTSHEET

-X(CH2) [err]NRlerr] Rlerr], one of Rlerr] and Rlerr] repres rogen
%”1209

B LU L o

NH
AN "Y 2 ‘X
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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 X X

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

n‘

o 'ﬁ/““z
o-c-n-(cn,)_x@/ l XX 1

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

with a compound of formula XXII

A(CH,),0H XX 11

wherein A and w are as defined in claim 1,
(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
/fk | XX111
L NR3R*
wherein R® and R* are as defined in claim 1,
(o) preparing a compound of formula I wherein R? represents -X(CH,)PNR’R‘ R®

represents hydrogen and p represents an integer 2 to 5, by reduction of a
compound of formula XXIV



»

[err] wherein Rerr], A D p and mare as defined in claim1, and

desired or necessary converting the resultant conpound of fo
anot her salt theredf, to a pharmaceutical |y acceptable salt
Vi ce versa.

| [T I

R . -
L NH, '
R-_n-cu(cuz),_,x Nﬁ/ | Xy

wherein RY, 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 repfescnts an integer 2 to 6, by reduction of a compound of formula XXV

R'l
N NH,
N
: XXv
A(cn,),_,cu-n-(cuz)'x‘@/ T

wherein R!, A, D, r and p are as defined in claim 1, -
(q) 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,),0OA, by

~ reduction of a compound of formula XXVI

Na NN,
~ XXV
Ao(cuz)m_,-cn-ﬂ-(cuz)’x@/T

wherein RY, A, D, p and m 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,)A in which

r represents an integer 2 to 6, by reduction of a compound of formula XXVII

R‘

NH, '
A(cnz),-,ccun(cuz)’x_m , XXvili

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

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.




- 99 <

2 () NOV 1997

A

REPLACEMENT SHEET |

|
|

AMIDINE DERIVATIVES WITH NITRIC OXIDE

SYNTHETASE ACTIVITIES

Compounds of formula I
R!

RZ . .

0

wherein

D represents phenyl, pyridinyl or a 5 membered hete‘fgcyclic 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 a group -X(CH,),ZCONR®R, -X(CH,),NHCO(CH,) NR*R*,

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

and X, Z, R% RY, R%, R% n, s, p and q are defined in the specification are described,
together with processes for their preparation arid compositions containing them. -

Compounds of formula I are useful in therapy.



