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AMIDINE AND ISOTIUOUREA DERIVATIVES AS INHIBITORS OF NITRIC OXIDE 

SYN1HASE 

This invention relates to new amidine and isothiourea derivatives. processes for their 

s preparation, compositions containing them and their use in therapy. 

10 

According to the invention we provide a compound of fonnula (J) 

RJ{_NH 
NH---

wherein: 

X represents NR6 
, S • 0 , CH2 or a bond; 

N 

' 4 R 

(I) 

R1 represents S-alkyl Cl to 3 or a five membered heterocyclic aromatic ring containing 1 to 

4 heteroatoms selected from O. N and S optionally substituted at a carbon atom by one or 

is more groups selected from halogen. trifluoromethyl,alkyl Cl to 6, nitro. or cyano; 

R2 represents hydrogen. alkyl CI to 6, -(CH1)dOH. -(CH1)cPAr or -(CH2)nAr. 

R) represents hydrogen. alkyl Cl to 6, -(CH2)bOH, -(CH2)bOAr or -(CH2)nAr. 

R4 represents hydrogen. alkyl Cl to 6, -(CH2)cOH, -(CH2)cOAr or -(CHa)hAr; 

R5 rep~sents hydrogen. alkyl Cl to 6, -(CH2)q0H. -(CH2)qOAr. -{CH2)8 Ar, 

20 -(CH2)tCOOR1 or -(CH2)1CONR9R10
; 

or either R3 and R4 together or R4 and R5 together represent a chain -(CH2}m- or 

-(Cli2)r'Y'(C::H2)p-; 

Ar represents a phenyl ring, a six membered het.erocyclic aromatic ring containing one or 

two nitrogen atmm. or a five membered heterocyclic aromatic ring containing 1 to 4 
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heteroatoms selected from 0, N and S. which phenyl ring, six membered heterocyclic 

aromatic ring or five membered heterocyclic aromatic ring may be optionally substituted by 

one or more groups selected from alkyl Cl to 6, alkoxy Cl to 6. halogen. nitro. cyano, 

perfluoroalkyl Cl to 6, phenyl or a five membered heterocyclic aromatic ring containing 1 

5 to 4 heteroatoms selected from O. N and S; 

Y represents O. S or NR 7 ; 

m represents an integer 3 to 5; 

r and p independently represent integers 1 to 3 save that r+p shall be in the range 2 to 4~ 

R6
, R7

, R1
, R9 and R10 independently represent hydrogen or alkyl Cl to 6; 

10 or -NR'R.10 together represent piperidinyl, pyrrolidinyl. morpholinyl. 

tettahydroisoquinolinyJ, piperazinyl. orpiperazinyl 4-substituted by group R15
; 

R15 represents alkyl Cl to 6 or a group-(CH2)wQ 

Q represents phenyl optionally substituted by one or more groups selected from 

alkyl Cl to 6, alkoxy Cl to 6. halogen, nitro, cyano and trifluoromethyl; 

is n, w and d independently represent an integer 0 to 6; 

h. q and b independently represent an integer 1 to 6: 

c represents an integer 2 to 6; 

t represents an integer 1 to 5; 

provided that 

20 {a) when X represents NH. O. CH2 or a bond and at the same time R1
• R3 and R5 each 

represent hydrogen, then R4 does not represent hydrogen or alkyl Cl to 6; 

(b) when X represents NR6
• 0 ors. then d represents an integer 1 to 6; 

and optical isomers and racemates thereof and phannaceutically acceptable salts thereof. 

zs We prefer that R1 represents S-methyJ or S-ethyl, especially S-ethyl, or a ring containing 

one heteioatom selected from 0, N and S. We particuJarly prefer thatR1 represents thienyl. 

especially 2-thienyl. 
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Unless otherwise indicated. the tenn "aJkyl Cl to 6" referred to herein denotes a straight or 

branched chain alkyl group having from 1 to 6 carbon atoms or a cyclic alkyl group having 

from 3 to 6 carbon atoms. Examples of such groups include methyl. ethyl. n-propyl. 

i-propyl. n-butyl. i-butyl, t-butyl. cyclopentyl and cyclohexyl. 

s Unless otherwise indicated, &he term "alkyl Cl to 3" referred to herein denores a straight or 

branched chain alkyl group having from 1 to 3 carbon atoms. Examples of such groups 

include methyl, ethyl, n-propyl and i-propyl. 

According to the invention, we further provide a process for the preparation of 

ro compounds of fonnula (I), and optical isomers and racemates thereof and pharmaceutically 

acceptable salts thereof, which comprises: 

15 

(a) preparing a compound of fonnula (I) by reacting a corresponding compound of fonnula 

(Il) 

RS 

N 

'4 R 

wherein X • R1 
• R3 

• R4 and R5 are as defmed above, 

with a compound off onnula (DI) 

" Rl L 

(III) 

wherein R 1 is as defined above and L is a leaving group; 

(Ill 

(b) preparing a compolUld of fonnula (I) by reacting a corresponding compound of fonnula 

20 (IV) 
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N 

RS 
' 4 R 

(IV) 

wherein X , R2 
, R3 

, R4 and R5 are as defined above and HA is an acid, 

with a compound of formula (V) 

R1 =N (V) 

s wherein R 1 is as defined above; 

JO 

(c) preparing a compound of formula (I) wherein R1 is S-alkyl Cl to 3 by reacting a 

corresponding compound of formula (VI) 

s 

H~-{ 
NH--+--

RS 
wherein X, R2

, R3
, R4 and R5 are as defined abov~ 

with a compound of fonnula (VIl) 

(VI) 

(VII) 

is wherein R14 is alkyl Cl to 3 and Lis a leaving group; 

(d) preparing a compound of fonnula (I) in which R4 represents alkyl Cl to 6, 

-(CH2)cOH. -(CH2)cOAr or -(CH2)0 Ar by reacting a corresponding compound of formula 

(J) in which R4 represents hydrogen with a compound of fonnula (VIlI) 

(VIII) 

20 wherein R 11 represents alkyl CI to 6, -(CH:i)cOH. -(CH2)cOAr or ·(CH2)nAr and L is a 

leaving group; 
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(e) preparing a compound of fonnula (I) in which X represents NR6 and R6 represents alkyl 

Cl to 6 by reacting a corresponding compound of formula (I) in which R6 represents 

hydrogen with a compound of formula (IX) 

(IX) 

5 wherein R 12 represents alkyl Cl to 6 and L is a leaving group; 

(f) preparing a compound offonnula (I) in which R3 and R4 or R4 and Rs are joined to 

fonn a chain-(CH2)r.Y(CH2)p-. Y represents NR7 and R7 represents allcyl Cl to 6 by 

reacting a corresponding compound of fonnula (I) in which R 7 represents hydrogen with a 

compound of formula (IX); 

10 (g) preparing a compound of formula (I) in which R5 represents -(CH2)1COOR' and R1 

represents alkyl c 1 to 6 by esterifying a corresponding compound of formula ro in which 

R8 represents hydrogen; 

(h) preparing a compound offonnula (I) in which R5 represents -(CH2)tCOOR8 and R8 

represents hydrogen by hydrolysing a corresponding compound of formula (I) in which R8 

ts represents alkyl Cl to 6; 

(i} preparing a compound of formula (I) in which Rs represents -(CH:VtCONR9Rto and R9 

and/or R10 represents alkyl Cl to 6 by al.kylating a corresponding compound of formula (1) 

in which R9 and/or R10 represents hydrogen; 

(j) preparing a compound offonnula (I) in which R5 represents -(CH2)tCONR9R10 in 

20 which R9 and R10 represent hydrogen or R5 represents -(CH2)tCOOR8 and R8 represents 

hydrogen by hydrolysis of the corresponding cyano compound; 

(k) preparing a compound of formula (I) in which R5 represents -(CH2}tCONR9R10 by 

reacting the conesponding amine HNR9R10 with the corresponding acid; 

(I) preparing a compound of formula (I) in which R2 represents -(CHi)dOAr. R3 represents 

2S -(CHi)bOAr. R4 represents -(C"2>c0Ar or R5 represents -(CH2)q0Ar by reacting the 

corresponding halo or sulphonate compound of formula (I) with an aryl hydroxide; 
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(m) preparing a compound of formula (I) in which R4 represents methyl by reacting a 

corresponding compound of formula (I) in which R4 represents hydrogen with formaldehyde 

and fonnic acid; or 

(n) preparing a compound of formula (I) in which R" represents -CH1CH10H by reacting a 

s corresponding compound of formula (I) in which R4 represents hydrogen with oxirane; 

and where desired or necessary convening the resultant compound of formula (I). or 

another salt thereof, to a phannaceutically acceptable salt thereof. or yice versa. 

In process (a}. the reaction will take place on stirring a mixture of the reactmtS in a 

10 suitable solven~ for example N-methyl-2-pyrrolidinone or a lower alkanol e.g. ethanol. 

isopropanol or tertiary butanol, at a temperature between room temperature and the reflux 

temperature of the solvent. The reaction time will depend 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 thioalk:yl, sulphonyl, 

is bifluorocarbon sulphonyl, halide. alkyl and aryl alcohols and tosyl groups; others are recited 

in 'Advanced Organic Chemistry', 1. March ( 1985) 3rd Edition, on page 31 S and are well 

known in the art. 

In process (b). the reaction is preferably perfonned by refluxing a mixture of the two 

20 compounds for several hours in the presence of a suitable solvent whereby the reaction 

temperatme is high enough so that condensation talces 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 perfonn the reaction at 

temperatures from about 100 °C to 200 °C. We fmd that o-dichlorobenzene is a panicularly 

2S 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 vacuwn and the reaction mixture worked up by addition of water. 

The acid HA may be an organic or inorganic acid. for instance, hydrochloric. hydrobromic, 

30 hydroiodic, sulphuric. nitric. phosphoric, acetic, lactic, succinic. fumaric, malic, maleic. 

tartaric. citric. benzoic or methanesulphonic acid. We prefer that HA is a hydrohalic acid. 
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In process (c) the reaction will proceed on combining the two reactants in an inen 

solvent e.g. acetone. Suitable leaving groups that L may represent are mentioned above. We 

prefer to use the iodide, toluenesulphonate or methanesulphonate derivative. 

In processes (d). (e) and (0. the reaction will take place under standard conditions. for 

example by reacting the two compounds in an inen 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 (VIIl) or (IX). Suitable 

10 leaving groups Lare mentioned above. We prefer that L represents halide. particularly 

bromide. The alkylation of process (i) will take place under similar conditions. 

In process (g). the esterification reaction will take place under conditions known to 

persons skilled in the an. · For example the carboxylic acid may be reacted with the 

ls appropriate alkyl alcohol under conditions of acid or base catalysis in a polar organic 

solvent at ambient or elevated temperature. 

In processes (h) and fj). the hydrolysis will take place on treatment with acid and 

wanning. In die case of hydrolysis of the cyano compound. the amide is produced with 

20 milder conditions and the carboxylic acid with more severe conditions. Suitable conditions 

for these reactions will be known to a person skilled in the art Such cyano compounds 

may be prepared by processes which are described elsewhere here or are known ~-

In process (k), the reaction will take place under conditions well known for preparation 

2S of an amide. The corresponding amines are well known compounds. The corresponding 

acids may be prepared by analogy with methods disclosed here or in conjunction with 

methods well known in the an. 

In process (l), the reaction will take place on mixing the reagents in an inert solvent at 

30 ambient or elevated temperature. The aryl hydroxide can be prepared by treating the aryl 
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hydroxy compound with strong base (in protic solvents) or with an alkali metal (in non­

protic solvents). 

In process (m), the reaction will typically take place on refluxing the reaction mixture 

s for up to 4 hours or until reaction is complete. 

10 

In process (n), the reaction will typically take place in a polar prodc solvent such as 

ethanol in the presence of base at a temperature of between 0 °C and room temperature. 

We find it convenient to perform the reaction in a pressure bottle. 

Salts of compounds of formula (1) may be fonned by reacting the free acid. base or a 

salt. enamiomer, 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, 

15 ethanol, tetrahydrofuran or diethyl ether, or a mixture of solvents. which may be removed in 

:llQlQ or by freeze drying. The reaction may be a metathetical process or it may be carried 

out on an ion exchange resin. 

Compounds of fonnula (VI) may be prepared by following the method of Rasmussen et 

zo al in Synthesis, 1988. 456-459. Compounds of fonnula (VI) can thus be prepared by 

reacting a compound of formula (11) 

N 
\ 4 

R 
RS 

wherein X. R1
, R3

• R4 and Rs are as defined above. 

{II) 

with benzoyl isothiocyanate in an organic solvent such as acetone optionally in the presence 

2S of acid (e.g. trifluoroacetic acid) followed by aqueous-alkaline cleavage of the resultant 

benzoylthlourea derivative. Compounds of formula (VI) may also be prepared by reacting a 

compound of fonnula (ll) with sodium thiocyanate in water. 
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The compounds of formula (II) may be prepared by reduction of a corresponding 

compound of fonnula (X) 

N 

RS 
' 4 R 

(X) 

s wherein X , R2
• R3 

• R4 and R5 are as defined above. 

The re.duction reaction may be perfonned under a number of conditions, for example 

those described in J. March "Advanced Organic Chemistty" on pages 1103-1104. These 

include catalytic hydrogenation. use of Zn~ Sn or Fe metal, AIH3-Al03, sulphides and 

others. We prefer to perform the reaction by hydrogenation at attnospheric pressure for 3 

10 to 6 how-s in the presence of a palladium and carbon cata1ysl 

IS 

Compounds offonnula (X) in which X represents NR6
, Sand 0 may be prepared by 

cyclising a compound of formula (XI) 

o2N 

L \_R:3 {XI) 

N 

' 4 
RS 

R 

wherein R2
, R3

, R4
• R5 and X are as defined above and L is a leaving group. 

Compounds of formula (XI) may be prepared by reaction of a compound of fonnula 

(XII) 
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L 

RS 

wherein R4
, R5 and Lare as defined above 

with a compound of fonnula (Xlll) 

HXXR2 
L R3 

10 

NH 
\. 4 

R 

PCT/SE96/014l5 

(XII) 

(XIII) 

s wherein X represents NR6
, S or 0, R2 and R 3 are as defined above and L is a leaving group. 

Alternatively. compounds of formula (XI) may be prepared by reaction of a compound 

of formula (XIV) 

L 

(XIV) 

R5 

io wherein R5 and Lare as defined above and L' is a leaving group, 

with a compound of fonnula (XV) 

HX R2 

m,.Nxa3 (XV} 

wherein X represents NR6
• Sor 0 and R2

, R3 and R4 are as defined above. 

is Compounds of fonnula (X) in which X represents NR 6• S and 0 may also be prepared 

by cyclising a compound of formula (XVI) 
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<XVI) 

wherein R2
• Rl. R4

, Rs and X are as defmed above and Lis a leaving group. 

Compounds of formula (XVI) may be prepared by reaction of a compound of formula 

s (XVII) 

RS 

NH 
'\ 4 

R 

(XVII) 

wherein R4 and R5 are as defined above and X represents NR6
, S or 0, 

with a compound of formula (XVIlI) 

LXR2 
Ll R3 

(XVIII) 

10 wherein R2 and R3 are as defmed above and Land L1 are leaving groups. 

Alternatively, compounds of fonnula (XVI) may be prepared by reaction of a 

compound of formula (XIX) 

OzN (XIX) 

L 

RS 

ts wherein X represents NR6
, S or 0 and Land Rs are as defined above 

with a compound of fonnula (XX) 

L R2 

HR4NXR3 
(XX) 
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wherein R2
• R3 and R4 are as defined above and L represents a leaving group. 

The reactions of compounds of fonnula (Xll) and (XIll), (XIV) and (XV). (XVIl) and 

(XVIIl) and (XIX) and (XX) may be performed under conditions well known to a person 

s skilled in the an; typically on combining the ingredients in an inert solvent. Intermediate 

compounds of fonnula {XI) or (XVI) may not be isolated as the compound of formula (X) 

may be fonne.d directly. Suitable leaving groups Land L1 are mentioned above. The 

cyclisation reactions may also take place on removal of protecting groups. In the above 

reactions it may be desired to render the nucleophilic group -XH in compounds of formula 

io (XO. {XIII). (XV). (XVU. cxvm and (XIX) more reactive by treatment with base. 

IS 

Compounds of fonnula (X) may also be prepared by nitration of a compound of 

formula (XXI) 

(XXI) 

RS 

wherein X. R2
• R3

• R4 and R5 are as defined above. 

The nitration reaction will take place under conditions well known to a person skilled in 

the an. e.g. on treatment with niaic acid and sulphuric acid or potasSium nitrate and 

sulphuric acid in an inen organic solvenL 

2.0 It may also be convenient to prepare compounds of fonnula (X) by nitration of a 

carbonyl or dicarbonyl derivative of a compound of fonnula (XXI); which nitrated carbonyl 

or dicarbonyl derivative may be reduced to the desired compound of formula (X) e.g. with 

diborane. 

25 Compowids of fonnula (X) and (XXI). as well as certain carbonyl and dicarbonyl 

derivatives of compounds of fonnula (XXJ) just mentioned may also be prepared by one of 

the numerous methods for preparation of bi- and tricyclic heterocyclic compounds. 
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For example a synthesis of compounds of formula (XXI) which is panicularly preferred 

for compounds in which X represents a bond or CH2 comprises the cyclisation of a 

compound of formula cxxm 
R3 

vXf!~RS (XXII) 

s wherein X, R2
, R3

, R4 and R5 are as defined above. 

This reaction may be performed following the conditions ofBischler-Napieralski 

described in J. March "Advanced Organic Chemistry" 3rd Edition, page 495 in which the 

amide is treated with POCh or PCls and heated. Alternatively the modification set oot by 

Larsen et al inJ. Org. Chem .• 1991. 56. 6034-6038 in which the amide is treated with 

10 oxalyl chloride followed by FeQ3 and then acid may be preferred. Reduction of the 

corresponding imine or iminium salt, for example with sodium borohydride. provides the 

compound of formula (XXI). 

Compounds of formula (XXl1) may be prepared by reaction of a compound of formula 

15 (XXIll} 

R3 

~xylyu 
v R2 R4 

wherein X. R2
• R3 and R4 are as defined above, 

with a compound of formula (XXIV) 

0 RS-< 
L 

20 wherein R5 and Lare as defined above 

under standard conditions for amide formation. 

(XXIII) 

(XXIV) 
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As a further mcxlification of the Bischler-Napieralsk:i reaction for the preparation of 

compounds of formula (1) in which R4 and R5 together represent a chain -(CHi)m- or 

-(CH1)r Y(CH1)p-· such compounds may be prepared by cyclisation of a compound of 

fonnuJa (XX.V) 

R3 

(Yx-yliJlK-L 
v R2 R4 

!XXV) 

wherein X. R2
• R3

, R' and L are as defined abo"·e and K represents a chain -(CH2)m- or 

-(CH2)r Y(CH2)p-. 

The formation of both rings will typically take place on treatment with phosphoryl 

chloride and phosphorus pentoxide in an inert organic solvent at elevated temperature. This 

10 reaction, together with a more detailed description of reaction conditions, is described by 

Akaboshi et al in Chem. Pharm. Bull., 1960, 8. 14-17. 

lS 

Compounds of fonnula (XXV) may be prepared from simpler molecules by known 

methods. 

An alternative synthesis for compounds of formula (XXI) in which R 4 and R5 together 

represent a chain -(CH2)m- or -(CH2)r Y(CH2)p- comprises cyclisation of an 

a-hydroxy lactam as described by Brewer et al in J. Med. Chem .. 1989. 32, 2058-2062. 

Thus compounds of formula (XXI) in which R4 and Rs together represent a chain 

20 -(CH2)nr or -(CH2)r Y (CH2)p- may be prepared by cyclisation of a compound of formula 

(XXVI) 

IXXVI) 
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wherein X. R2 and R3 are as defined above and K1 represents achain-(Cffi)m-1- or 

-(CH2)r.1 Y(CH2)p-· Cyclisation takes place on treatment with acid and produces a lactam 

which may be completely reduced with diborane to yield the corresponding compound of 

fonnula (XXI). 

s Compounds of formula (XXVI) may be prepared by reduction of the corresponding 

cyclic imide with sodium borohydride or sodiwn cyanoborohydride. The corresponding 

cyclic imide may readily be prepared from the corresponding primary amine and a 

d.icarboxylic acid. 

Funher details of this synthesis may be obtained by reference to the above mentioned 

10 paper by Brewer et al. 

IS 

A further synthesis for compounds of formula (}O{I) in which R .. and Rs together 

represent a chain -(CH1)m- or -(CH1)r Y(CH2)p· comprises reaction of a compound of 

fonnula (XXVIl) 

(~II) 

wherein X, R2 and R3 are as defined above, 

firstly with t-butyl lithium and then with a compound of fonnula (XXVIIl) 

Cl-K-I {XXVIII} 

wherein K represents a chain -(CH2)nr or -(CH2lr Y(CHi)p·· 

20 as described by Meyers and Hutchings in Tetrahedron, 1993~ 49~ 1807-1820. 

A person skilled in the art would be able to envisage modification of the structures of 

compounds of fonnula (XXVII) and (XXVIII) as desired to achieve the same effect. 
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Compounds of formula (XXVm may be prepared from simpler compounds which may 

be prepared according to the melhods described here and as described in the Meyers and 

Hutchings paper. 

Compounds offonnula (XXI) in which R4 represents hydrogen may also be prepared 

s by reaction of a compound of formula (XXIX) 

R2 

O(}--R3 
wherein X , R1 and R3 are as defined above. 

with a carbon nucleophile. 

(XXIX) 

Suitable carbon nucleophiles include cyanide. carboxylic acids capable of elimination of 

io carbon dioxide (such as malonic acid). and alkynes. Others are described in J. ~arch 

"Advanced Organic Chemistry" 3rd Edition on pages 306-7. Methods of modifying the 

functionality of group Rs as desired will be well known to a person skilled in the art. 

A typical reaction of this type is described by Bohme and Stacker in Arch. Phannazie, 

1973, 306, 271-274. 

1s Compounds of fonnula (XXIX) may be prepared by methods already described here. or 

by known methods. 

Compounds of formula {XXl) in which X represents a bond or CH2 and R 3 and R4 

together represent a ch.ain ·(CHi>ro- or -(CH1)r Y(CH2)p- may be prepared from a 

20 compound of fonnula (XXX) 

{KXX) 

0 

wherein R1 is as defined above. X represents a bond or CH2 and K represents a chain 

-(CH2)m- or-(CH.i)rY(CH2}p- by reduction with diborane or by other known methods. 

Compounds of formula (XXI} in which R5 represents hydrogen may be prepared by 
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reduction of the corresponding compound of fonnula (X:XX). Compounds of fonnula 

(XXI) in which R5 docs not represent hydrogen may be obtained via a process of 

nucleophilic addition onto the amide carbonyl of the compound of formula (XXX). 

s Compounds of formula (XXX) may be prepared following the method of Edwards and 

Meyers as set out in Tetrahedron Lett .• 1984. 25. 939-942. 

In this way. compounds of fonnula (XXX) may be prepared by reaction of a compound of 

fonnula (XXXl) 

CXXXI) 

10 wherein X represents a bond or CH2• R 2 is as define.d above;: and L is a leaving group, 

preferably halogen, 

with a compound of formula (XXXll) 

(XXXII) 

Pr 

wherein K represents a chain -(CHz)m- or -(CH2)r Y(CH2)p-· 

1s Compounds of formula (XXXIl) may be prepared following methods set out in the 

20 

above mentioned Edwards and Meyers paper. 

A person skilled in the an would be able to envisage modification of the sttuctnre of 

compounds of formula (XXXII) as desired to achieve the same effect. 

Compounds of formula (XXI) in which R" and R5 represent hydrogen may also be 

prepared by a synthesis based on ring expansion to conven a cyclic ketone into a cyclic 
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amide as set out by Grunewald and Dahanukar in J. Hecerocyclic Chem., 1994, 31. 1609-

1617. 

Thus. a compound of fonnula (XXXIll) 

(XXXIII) 

0 

s wherein X. R2 and R3 are as defined above 

may be convened to a compound of formula (XXXIV) 

0 

wherein X, R2 and R3 are as defined above 

{XX.XIV} 

on treatment with sodiwn azide in acid. Funher details of the reaction conditions may be 

10 obtained by reference to the above mentioned Grunewald and Dahanukar paper. 

Compounds of fonnula (XXXIV) may be convened to desired compounds of formula 

(I) by known methods. 

is It will be apparent to a person skilled in lhe an that the compounds of formula (XXII), 

20 

(XXIIl). (XXV). (XXVO. (XXVIl), (XXIX), (XX.X). (XXXI). (XXXJil} and (XXXIV) 

may desirably be prepared in nitrated form. Nitration may be achieved by treatment of the 

non-nitrated analogue with nitric acid and sulphuric acid or potassium nitrate and sulphuric 

acid under standard conditions. 

Intermediate compounds may be prepared as such OJ in protected f onn. In particular 

amine groups and group XH when XH represents OH, SH or NHR.6 may be protected. 

Suitable protecting groups are described in the standard text "Protective Groups in Organic 

Synthesis", 2nd Edition (1991) by Greene and Wuts. Amine~protecting groups which may 
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be mentioned include alkyloxycarbonyl C2 to 7. eg t-butyloxycarbonyl, 

phenylalkyloxycarbonyl C8 to 13, benzyloxycarbonyl or ttifluoroacetate. Deprotection will 

nonnally take place on treatment with aqueous base or aqueous acid. 

s Compounds of formula (X), (XI). (XII). (XV). (XVI). (XVII), (XX), (XXI), (XXIl). 

(XXID) and (XXV) in which R'' represents alkyl Cl to 6. -(CH2)cOH. -(CH2)cOAr or 

-(CH2)bAr may also be prepared by alkylating or arylating the corresponding compound in 

which R4 represents hydrogen following process (d) above. 

io Compounds of formula (IV) may be prepared by analogous processes to those 

JS 

described for the preparation of compounds of formula (10. Compounds of formula (IV) 

may be converted to corresponding compounds of formula (II) by tteatmcnt with a base. 
Compounds of formula <m may be convened to corresponding compounds of formula (IV} 

by treatment with a protic acid HA. for example one of those listed above. 

Compounds of formula (DI) are either known or may be prepared by known methods. 

For example, compounds off onnula (III) in which L represents thioalkyl may be prepared 

by treatment of the corresponding thioamide of formula (XXXV) 

s 

Rl)lNH2 
(XXXV) 

20 wherein R 1 is as defined above. 

with an alkyliodide under conditions well known to a person skilled in the art. 

Compounds of formula (V), (VID), (IX), (XII). {XllI), (XIV). (XV), (XVII), (XVill), 

(XIX), (XX), (XXIlI), (XXIV). (XXVID). (XXXI). (XXXIII) and (XXXV} are either 

is known or may be prepared by convendonal methods known~· 

It will be apparent to a person skilled in the art that it may be desirable to protect an 

amine or other reactive group in an intermediate compound using a protecting group as 
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described in the standard text "Protective Groups in Organic Synthesis", 2nd Edition (1991) 

by Greene and Wuts. Suitable amine-protecting groups are mentioned above. 

The compounds of the invention and intennediates may be isolated from their reaction 

s mixtures by standard techniques. 

The compounds of formula (I) may exist in tautomeric. cnantiomeric or 

diastereoisomeric 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 

10 compounds using conventional techniques. e.g. fractional crystallisation, or HPLC. 

Alternatively the individual enantiomcrs may be made by reaction of the appropriate 

optically active starting materials under reaction conditions which will not cause 

racemisation. 

ts Int.ennediate compounds may also exist in enantiomeric forms and may be used as 

20 

purified enantiomers, diastereomers. racemates or mixtures. 

As a funher aspect of the invention we provide the new compounds of formulae (Il). 

(Vl) and (X). 

The compounds of general formula (I) possess useful phannacological activity in 

animals. Thus, they possess useful nitric oxide synthase inhibiting activity, and in 

particular. they exhibit good selectivity for inhibition of the neuronal isofonn of nittic oxide 

synthase. They should thus be useful in the treatment or prophylaxis of human diseases or 

2S conditions in which the synthesis or oversynthesis of nitric oxide fonns a conuibutory pan. 

Examples of such diseases or conditions include hypoxia, such as in cases of cardiac arrest, 

stroke and neonatal hypoxia, neurodegenerative conditions including nerve degeneration 

and/or nerve necrosis in disorders such as ischaemia. hypoxia, hypoglycemia, epilepsy. and 

in external wounds (such as spinal cord and head injury), hyperbaric oxygen convulsions 

30 and toxicity. dementi~ for example. pre-senile dementia, Alzheimer's disease and AIDS­

related dementia. Sydenham's chorea. Parkinson's disease. Huntington's disease. · 
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Amyotrophic Lateral Sclerosis, Korsakoff s disease. imbecility relating to a cerebral vessel 

disorder. sleeping disorders. schizophrenia, anxiety, depression, seasonal affective disorder, 

jet-lag. depression or other symptoms associated with Premensttual Syndrome (PMS), 

anxiety and septic shock. The compounds off ormula (I). either alone or in combination 

.s with other analgesic agents such as opiates. are also useful in lhe treatment of pain, 

including neurogenic pain and neuropathic pain. Compounds of fonnula (I) may also be 

expected to show activity in the prevention and reversal of tolerance to opiates and 

diazepines. treatment of drug addiction and treatment of migraine and other vascular 

headaches. The compounds of the present invention may also show useful 

it> inununosuppressive activity. be useful in the trcannent or prophylaxis of inflammation. in 

the treatment of gaStroinrestinal motility disorders, and in the induction of labour. The 

compounds may also be useful in the treatment of cancers that express nitric oxide synthase. 

Compounds of formula (I) are expected to be particularly useful in the treatment or 

is prophylaxis of hypoxia or stroke or ischaemia or neurodegenerative conditions or of 

migraine or for the prevention and reversal of tolerance to opiates and diazepines or for the 

treatment of drug addiction or for the treatment of pain and especially in the tteatment or 

prophylaxis of hypoxia or stroke or ischaemia or neurodegenerative disorders or pain. We 

are particularly interested in conditions selected from the group consisting of hypoxia, 

20 ischaemia. stroke. pain and Arnyotrophic Lateral Sclerosis. 

2S 

Thus according to a funher aspect of the invention we provide a compound of formula 

(I), or an optical isomer or racemate thereof 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) or an optical isomer or racemate thereof or a phannaceutically accepsable salt 

thereof, in the manufacture of a medicament for the treatment or prophylaxis of the 

aforementioned diseases or conditions; and a method of treatment or prophylaxis of one of 

30 the aforementioned diseases or conditions which comprises administering a therapeutically 

effective amount of a compound of formula (I), or an optical isomer or racemate thereof or 
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a pbannaceutically acceptable salt thereof, to a person suffering from or susceptible to such 

a disease or condition. 

For the above mentioned therapeutic indications. the dosage administered will. of 

' course. vary with the compound employed. the mode of administration and the tteatment 

desired. However. in general. sarisfacrory 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 

active ingredient) per day. 

10 The compounds of fonnula (I), and optical isomers and racemaies thereof and 

pharmaceutically acceptable salts thereof, may be used on their own. or in the form of 

appropriate medicinal fonnulations. Administration may be by, but is not limited to, enteral 

(including oral. sublingnal or rectal). intranasal. topical or parenteral routes. Conventional 

procedures for the selection and preparation of suitable pharmaceutical fonnulations arc 

1s described in, for example, "Pharmaceuticals - The Science of Dosage Form Designs". M. E. 

Aulton. Churchill Livingstone. 1988. 

According to the invention. there is provided a pharmaceutical formulation including 

preferably less than 80% by weight and more preferably less than 50% by weight of a 

20 compound of formula (I). or an optical isomer or racemate thereof or a pharmaceutically 

acceptable salt thereof. in admixture with a phannaceutically acceptable diluent or carrier. 

2S 

We also provide a method of preparation of such a phannaceutical formulation which 

comprises mixing the ingredients. 

Examples of such diluents and carriers are: for tablets and dragces: 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. 

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

tablets. capsules and dragees; sustained release compositions include those in which the 
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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 synthase has a number of isof orms and compounds off ormula 

s (I). and optical isomers and racemates thereof and pharmaceutically acceptable salts thereof. 

may be screened for neuronal nitric oxide synthase inhibiting activity by following 

procedures based on those of Bredt and Snyder in Proc. Natl. Acad. Sci .• l 990, 87, 682-

685. Nitric oxide synthase converts 3H-L-arginine into 3H-L-citrulline which can be 

separated by cation exchange chromatography and quantified by scintillation counting. 

10 

Screen for ncurona] nitric oxide synthase inhibiting activity 

Enzyme was isolated from rat hippocampus or cerebellum. The cerebellum or 

hippocampus of a male Sprague-Dawley rat (250-275g) is removed following COi 

anaesthesia of the animal and decapitation. Cerebellar or hippocampal supernatant is 

1s prepared by homogenisation in SO mM Tris-HCI with 1 mM EDTA buffer (pH 7.2 at 

25 °C) and centifugation for l 5 minutes at 20J)OO g. Residual L-arginine is removed from 

the supernatant by chromatography through Dowex AG-SOW-XS sodium form and 

hydrogen form columns successively. and funher centrifugation at 1000 g for 30 seconds. 

For the assay. 25 µl of the final supematant is added to each of 96 wells (of a 96 well 

20 filter plate) containing either 25 µl of an assay buffer (50 mM HEPES. 1 mM EDTA, 

1.5 mM CaCli, pH 7.4) or 25 µl of test compound in the buffer at 22 °C and 25 µl of 

complete assay buffer (50 mM HEPES. 1 mM EDTA. 1.5 mM Ca02 , 1 mM DTI, 

100 µM NADPH. 10 µg/ml calmodulin, pH 7.4). Following a 10 minute equilibration 

period. 25 µl of an L-arginine solution (of concentration 18 µM 1R-L-arginine, 

zs 96 nM 3H-L-arginine) is added to each test tube to initiate the reaction. The reaction is 

stopped after 10 minutes by addition of 200 µI of a slurry of termination buffer 

(20 mM HEPES. 2 mM EDTA. pH 5.S) and Dowex A0-50W-X8 200-400 mesh. 

Labelled L-citrulline is separated from labelled L-arginfue by filtering each filter plate 

and 75µ1 of each terminated reaction is added to 3 ml of scintillation cocktail. The 

30 L-citrulline is then quantifred by scintillation counting. 
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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/rnl. A 

reference standard. N-nitto-L-arginine, which gives 80% inhibition of nitric oxide synthase 

at a concenttation of 1 µM. is test.eel in the assay to verify the procedure. 

s In the screen for nitric oxide synthase inhibition activity. compound activity is 

expressed as JC50 (the concentration of drug substance which gives 50% enzyme inhibition 

in the assay). IC.so values for test compounds were initially estimated from the inhibiting 

activity of 1. 10 and 100 µM solutions of the compounds. Compounds that inhibited the 

enzyme by at least 50% at 10 µM were re-tested using more appropriate concentrations so 

10 that an lCso could be detennined. 

15 

In the screen above. the compounds of Examples l to 12 below were tested and gave 

an ICso of less than 10 µM indicating that they are expected to show useful therapeutic 

activity. 

When compared with other compounds, the compounds of formula (I), and optical 

isomers and racernates thereof and pharmaceutically acceptable salts thereof. have the 

advantage that they may be less toxic. be more efficacious. be longer acting, have a broader 

range of activity, be more potent. be more selective for the neuronal isofonn of nitric oxide 

20 synthase enzyme. produce fewer side effects. be more easily absorbed or have other useful 

pharmacological properties. 

The invention is illustrated by the following examples: 

2s Example 1 

N-(3-Metbyl-1.2.3.4-tetrahydroisoquinclin-7-yl)-2-thiophenecarboximidamide 

dibydrochJoride 

(a} 3=Metbyl-7-nitro-3.4-dibydroisoQPinoline 

3-Methyl-3,4-dihydroisoquinoline (1.0 g. 48.2 mmol) was dissolved in concentrated sulfuric 

lo acid (150 ml) and to this was added potassium nittate (4.9 g, 50.0 mmol). The mixture was 
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allowed to stir overnight. dumped onto ice. and neutralized with the addition of 

concentrated ammonium hydroxide. The precipated solids were collected by filtration. 

washed. and air-dried: 7.5 g (82%). m.p. 110-2 °C 

(b) 3-Methyl-7-nitro-J .2.3.4-tctrahy<iroisoguinoline hydrochloride 

s To 3-methyl-7-nitto-3,4-dihydroisoquinoline (7 .S g. 39.4 mmol} in MeOH (150 ml) was 

added sodium borohydride (1.64 g. 43.4 mmol) portionwise. When the addition was 

complete. the mixture was evaporated. dumped into water and extracted with ethyl acetate 

(3 x. 100 ml). The combined extracts were washed with water. dried over magnesium 

sulfate. filtered. and concentrated to an oil. The oil was dissolved in ethanol and treated 

10 with isopropanol-HCl. The solids were collected by filttation: 7.S g (84%), 

m.p. > 265 °C (dee.). 

(c) 3-Metbyl-7-amino-1.2.3.4-tetrabydroisoqginoline 

3-Methyl-7-nitro-l,2,3.4-tetrahydroisoquinoline (3.0 g, 13.l mmol) was dissolved in MeOH 

( 100 ml) and hydrogenated at 50 psi in the presence of a catalytic quantity of 

ts 10% Pd-C. After l h the mixture was filtered through glass and evaporated to an oil which 

was used immediately in the next reaction. 

(d) N-(3-Metbyl-1.2.3.4-tetrabycirojsoqpinolin-7-yn-2-thio.phenecarboximidamide 

clihydrochloride 

To 3-methyJ-7-amino-1,2.3.4-tetrahydroisoquinoline (2.47 g, 11.7 mrool) in l-methyl-2-

20 pyrrolidinone (30 ml) was added S-methyl-2-thiophcnethiocarboximide hydroiodide (see 

WO 95/05363, Example l(d)) (3.90 g. 13.5 mmoJ). The mixture was stirred for 24 hat 

45 °C, dumped into basic water and extracted with ethyl acetate (3 x 100 ml). The combined 

extracts were washed with water, dried over magnesiwn sulfate, filtered, and concentrated to a 

solid which was recrystallize.d from ethyl acetate-hexane. The solid was dissolved in ethanol and 

2S treated with isopropanol-HO. The resulring salt was collected by filtration: 1.5 g (37%). m.p. > 

210 °C (dee.). 

ExanwJe2 
N-(3-Etbyl-1.2.3.4-tetrah)droisoquinolin-7-yD-2-thioptienecarboxime dih)'drochloride 

30 (a) N-Cl -Benzyl-propyD-fonnanide 

To a stirred solution of formic acid (250 ml) and fonnarnide (500 ml) was added 
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1-phenyl-2-butanone (25 g. 0.168 rrols); the reaction was then heated to 165-170 °C for four 

hours. The reaction was then cooled and poured into water ( 1 l). The aqueous phase was then 

extracted with ethyl acetate (3 x 300 ml). The organic phase was washed with saturated sodiwn 

bicarbonate {2 x 200 ml) and dried over magnesium sulfate. Evaporation of the solvent yielded 

s an oil (24.1 g , 80% ). 

The following steps follow a process analogous to that described by Larsen et al in 

J. Org. Chem.. 1991, 56. 6034-6038: 

(b) 4-Etbyl-5.91Hfibydro-4H-l-oxa-3a·aza-s;)Clo.pentafalnaphtbalene-2.3-dione 

10 To a stirred solution of N-(benzyJ-propyl)-formamide (23.8 g.. 0.13 mo ls) in dichloromethane 

(1300 ml) was added {2.0M) oxalylchloride (73.95 ml. 0.147 mols) over a ten minute period. 

The reaction was then stirred at room tcrq>eraturc for 30 min. At this time the reaction was 

coole.d to -10 °C and Fe01 (26.0 g. 0.16 mols} was added all at once. The mixture was allowed 

to warm to room temperature and stirred for 18 h. Aqueous 2N HO (1300 ml) was added and 

1s the reaction stiITed 1 h. the layers separate.cl, and the organic phase washed with brine (500 ml). 

Evaporation of the solvent yielded the title compound (29.4 g , 95% ). 

(c) 3-Etbyl-3.4-dibydroisoq_uinoline 

To a stimxl solution qf 4-ethyl-5,9b-diltydro-4H-1-oxa-3a-ax.a-cyclopenta[a]naphthalene-2,3-

dione (29.4 g. 0.12 mols) in methanol (1140 ml) was added concentrated sulfuric acid 

20 (60 ml} slowly. 'The reaction was then refluxed for 2 h. The solvent was evaporated and to the 

residue was added water (100 ml) and ethyl acetate (500 ml). The layers were then separated 

and the organic phase was then extracted with 2N HO (2 x 200 ml). The aqueous layers were 

combined and rrade basic with concentrated arnm:>niwn hydroxide. The product was then 

extracted into dichloromethane and dried over magnesiwn sulfate. Evaporation of the solvent 

25 yielded 20.5 g. 

(d) 3-Etbyl-7-nitro-3.4-dibydroisoQ.uinoline 

To concentrated suJfuric acid (150 ml) at 0 °C was added 3-ethyl-3.4-dill)'dro-isoquinoline (20. l 

g, 0.12 rools) and potassium nitrate (12. 13 g. 0.12 mots). The reaction was allowed to warm to 

room tef11>Cl'&ll1Ie for 24 h. The reaction was poured onto ice ( 1.5 l) and then the aqueous 

30 phase was made basic with ammonium hydroxide. A solid aystallized and was coJlected by 

filtration to yield the title compotmd (22.3 g, 91%), mp. 61.62 °C. 
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(e) 3-Etbyl-1.2.3.+tetrab)'droisoqginolin-7-amine ~oride 

To a pressure bottle charged with 3--ethyl-7-nitro-3.4-dihydroisoquinotine 

(3.6 g. 17 mmols) dmolved in methanol (100 ml) and saturated isopropanol-HO (20 ml) was 

added 10% Pd-C (250 mg), and the reaction hydrogenated for 1 h. The catalyst was rem.wed 

s by filtration and the solvent evaporatt.d to yield 3-ethyl-t.~3.4-tctrahydroisoquinolin-7-amine 

dihydrochloride (4.3 g). 

(f) N-C3-Eth,i=l.2.3..4-tetrabydroisoq,uinolin-7-yD-2-thio.pherw;arboximidarnide 

dibydrocbloride 

To a stirred solution of3-ethyl-t.~3.4-tetrahydroisoquinolin-7-aminedihydrochloride (4.3 g, 17 

10 rmnols) in N-methylpyrrolidinone {50 ml) was added pyridine (2.05 g. 26 mmols). To the 

reaction was added S-methyl-2-thiophenethiocarboximide hydroiodide and the mixture was then 

heated to 40 °C for 18 h. The reaction was then poured into 20<k sodium hydroxide 

(300 ml). The aqueous phase was then extracted with ethyl acetate (3 x 100 ml). and drie.d over 

magnesium sulfate. Evaporation of the solvent yielded a crude oil (4.2 g). A dihydrochloride 

is salt was made from ethyl acetate and saturated isopropanol-HO. The product N-(3-ethyl-

l ,2,3.4-tettahydroisoquinolin-7-yl)-2-thiophenecarboximidamide dihydrochloride salt was dried 

at 80 °C for 24 h to yield 4.09 g. m.p. 181-182 «>c. 

ExaiJwlc3 

20 N-0 .3.4.6.7 .11 b-Hexabydro-2H-benzo[a)quinolizin-l0-yl)-2-tbiophenccarboximidamide 

dihydrochloride 

(a) 10-Amino-1.3.4.6.7.J lb-bcxahydro-2H-benzo[a]Q.Uinolizine 

To a solution of l,3.4,7-tetrahydro-2H-benzo[a}quinoliziniwnchloride (3.6 g, 16 nunol) 

(S. Akaboshi. T. Kutsuma, and K. Achiwa. J. Phann. Bull., 1960, 8, 14) in concentrated 

2s sulfuric acid (25 ml) at 0 °C was added potassiwn nitrate (2.20 g. 20 mrml). The reaction 

mixture was sbrred overnight, then poured into ice water (300 ml). Platinum(IV) oxide 

(0.2 g) was added and the solution was hydrogenated on a Parr Hydrogenator at SO psi for 

24 h. The solution was filtered and the filtrate basified with concentrated ammonium hydroxide 

and extracted twice with dichlororrethane. The dried (MgS04) organic phase was concentrated 

Jo to give a red oil (2.4 g, 75% ). Oltomatography on silica gel gave the title compound as a dark 
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red oil (1.86 g. 58%). MS 230 (M+Ht. 1H NMR (CDQl) 6.85 (d, un. 6.52 (d.. U{), 6.48 (dd, 

lH), 3.3-3.7 (broads. 2H), 2.8-3.1 (m, 4H), 2.1-2.7 (m, 3H), 1.2-2.0 (m. 68). 

(b) N-C 1.3.4.6.7. l lb-Hexabydro-2H-benzo [aJquinolizin- lO-yJ)-2-tbio.phr;nrqrboximidarnitfe 

dibydrochloride 

5 A solution of 10-arnino-l,3,4,6.7,llb-hexahydro-2H-benzo[a]quinolizine (0.463 g, 

2.29 mmol). pyridine hydrochloride (0.33 g, 2.9 mmol) and S-mcthyl 2-

thiophenethiocarboximide hydroiodide (0.92 g. 3.2 numl) in N-methy]pyrrolidinone 

(3.5 ml) was heated at 45 °C for 3 h. The reaction mixture was poured into water, treated with 

decoloriz.ing carbon and the solution filtered. The filtrate was basified with dilute NaOH and 

10 extracted twice with ethyl acetate. The dried (MgSQ4) organic phases were concentrated to give 

an oil Chromatography on silica gel, using 2 % methanol in chloroform saturated with 

ammonia, gave the title corq>ound as an oil (0.28 g, 35% ). The sample was taken up in ethanol 

and isopropanol and acidified with hydrogen chloride in isopropanol Ethyl acetate was added to 

induce precipitation. After stirring overnight, the product was collected, washed with 

1s isopropanol and ether to give the title compound as a white solid 

20 

{225 mg, 25.5%), MS 312(M+Ht, 1H NMR(~-DMSO) 11.6-12.l, 9.7-10.1, and 8.8-9.4 

(broad m, 4H exchangeable with Dz<}), 8.2 {d, lH), 8.16 (d, 11!). 7.50 (broads. U{). 7.3-7.4 

(m, 3H), 4.45 (broad t. lH), 3.1-3.9 (m. SH), 3.26 (broad d, IH). 2.87 (broad d. lH). 1.6-2.3 

(m,5H). 

ExarJU4 
N-< 1.2.3.5.6.JOb-Hexabydmll)'lTolof2. l-a]isoqµinolio-9-yD-2-thiopbenecar1Joximidamidc 

(a) J .2.3.5.6.JOb-Hexahydropyrrolol2. l -alisoquinoJin-9-aminct 

This compound was prepared as described for Example 3(a). From 2.3,S,6-tetrahydro-lH-

2s pyrrolo(2,l-a]isoquinoliniumchloride (6.28 g. 27.7 nmol) was isolated the title compound as an 

oil (2.liO g. 50%), MS 189 (M+Ht, lH NMR {CDCb) 6.88 (d. lH), 6.47 (dd, lH), 6.39 (d. 

lH), 3.4-3.7 (broads. 2H). 3.3-3.4 {t, lH), 2.9-3.2 (m. 3H), 2.4-2.8 (m. 3H), 

2.2-2.3 (m, lH), 1.6-2.0 (m. 3H). 

(b) N-0.2.3.5.6.lOb-HexabydrQP)'l'fO]o[2.1-alisoquinolin-9-yl>-2-thiQphcnccarboVuidamkle 

30 This compound was prepared as described in Example 3 (b). From 1,2,3.S.6.lQb. 

hexahydropyrrolo{2,1-a]isoquinofin-9-amine ('172 mg, 5.16 mrool) was isolated. after tritutation 
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with cold ethyl acetate (5 ml). the title compound as a yellow solid (520 mg. 34%). mp. 193-6 

oc. 

ExaJwle5 
s N-< 4-Hydroxy-2.3,4.5-tetrabydro- IH-2-henrnzepin-8-yll-2-thiopbenecarboximidamide 

bisfumarate 
(a) 4-fudroxy-2.3.4.5-teqabydro-IH-2-hr.nmu.pin-8-arnine hydrochloride 

A suspension of 4-hydroxy-8-nitto-2,3.4,5-tetrahydro-lH-2-benzu.epine hydrochloride 

(1.80 g, 7.36 mrml) (G.L. Grunewald and V.H. Dahanukar.J. Heterocycl. Chem., 1994, 31, 

10 1609) and 5% Pd-C (0.2 g) in ethanol (100 ml) was hydrogenated at SO psi for 2 h. The catalyst 

was filtered off and the solvent was concentrated to give a solid. 'This solid was dissolved in hot 

ethanol (50 ml) and ether (200 ml) was added slowly. The solid was collected, washed with 

ether(lOO ml) andair-drie.d to give the title compound as a yellow solid (1.44 g, 91%), mp. 

232.5-4°C. 

lS (b) N-< 4-Hydroxy-2.3..4.5-tetrabydro-) H-2-lx;nµu;pin-8-y0-2-thiophenecarboximidamide 

bisfumarate 
A solution of 4-hydroxy-2.3.4.5-tettahydro-lH-2-bem.az.epin-8-amine hydrochloride (1.29 g. 

6.00 mmol) and S-methyi 2-thiophenelhiocarboxlmide hydroiodide (2.22 g. 7 .80 mrol) in 

N-methy.lpyrrolidinone (6.0 ml) was heated at 45 °C for 16 h. The reaction mixture was poured 

20 into water (200 ml). treated with decolorizing carbon and filtered. The filtrate was basified with 

dilute NaOH and sodium chloride added, this was exttacted 4 times with ethyl acetate. The 

dried (MgS04) organic phase was concentrated to give an oil. Chromatography on silica gel. 

using 10-20% methanol in chloroform saturated with ammonia., gave the title C0111JOWKl as a 

solid ( 1.43 g. 83%). This solid was disso~ in a solution of methanol and isopropanol and 

2S fumaric acid (1.0 g. 9.3 mmol) was added and the solution was heated for 

0.5 h. After cooling, the solid was collected to give the title compound as a white solid 

(l.73 g. 55%), mp. 195-6 °C (dee.). 

Example6 

30 N-0 -<2-HydromtbYD· I .2.3.4-tetrabydroisoQuinolin~ 7-yJl-2-thiophenecarboximitfanjde 

dih)'drochloride 
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(a) 7-Nitro-J .2.3.4-tettabydroisoguinolin-l-acetic acid 
A suspension of7-nitto-3,4-dihydroisoquinoline (10.0 g, 56.1 mmol) and malonic acid 

(I l. 7 g. 112 mmol) in acetic acid (SS ml) was heated at 120 °C for 0.5 h. Upon cooling. the 

solvent was concentrated to give a red oil which was taken up in aqueous ethanol (50 ml of75 

s % ). After crystalli?.ation had occurred. the solvent was cooled to 0 °C and the product collected. 

The title corq>ound was isolated as a tan solid (10.9 g, 81%)y m.p. 264-5 °C (dee.). 

(b) 1-<2-fudrox~byl)-7 ·nilro-1.2.3..+tetrabydroisoquinoline h)idrocbloride 

To a suspension of7-nitro-1.2.3,4-tctrahydroisoquinolin-l-acetic acid in anhydrous 1lIF 

(20 ml) at 0 °C was added l.OM borane in THF (25 ml). The reaction mixture was slowly 

10 warmed to ambient temperature and stirring was continued for 4 h. Since the reaction was not 

proceeding to completion. additional boranc (10 ml) was added and the solution heated at reflux 

for 1 h. Upon cooling to ambient temperatUre, the reaction was quenclm by the addition of 

methanol ( 1 ml) and 6M hydrochloric acid (5 ml). The solution was heated at reflux for 2 h to 

decompose any borate intermediates and the solvent concentra~ at the rotoevaporator. 1be 

is resulting oil was taken up in water, made basic with dilute NaOH, and extracted twice with 

dichloro~thane. The dried (MgSO.) organic extracts were concentrated to give a solid. This 

solid was dissolved in hot ethanol (75 ml) and hydrochloric acid in ethanol added to give an 

acidic solution. The product was isolated by filtration of the precipitate to give the title 

compound as a light yellow solid {2.28 g, 84%). mp. 238-40 °C. 

1.0 (c) l-<2-HydraxyetbyD-1.2.3.4-tetrabydroiwquinolin-7-amine bydrocbloride 

To a solution of l-(2-hydroxyethyl)-7-nilro-1,2,3,4-tetrahydroisoquinoline hydrochloride (2.18 

g. 8.43 mmol) in ethanol (100 ml) was added 10% Pd-C (0.4 g) and the solution hydrogenated 

on lhe Parr Hydrogenator for 2 h. The reaction mixture was filtered to remove the catalyst and 

the filtrate reduced to about l/3 of the volume. The solution was wamr.d and ether (150 ml) 

2S was added. The precipitate was collected to give the title compound as a )fellow solid ( 1.81 g, 

94%), mp. 199.5-200.5 °C. 

(d) N-0-(2-Hydroxyetbyl)= 1.2.3.4-tetrahydroisoqyjnolin-7-yl>-2-thiQphenecarboximidamide 

dibydrochloride 

This COJ11>0und was prepared as described in Example 3 (b). From 1 -(2-hydroxyethyl} l,2.3,4-

30 tettahydroisoqninolin-7 -amine hydrochloride ( 1.38 g. 6.03 mrrol) was isolated the titJe 
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compowld. after salt formation in iwpropanol with hydrogen chloride. ( 1.30 g, 58% ). mp. 234-

6 0C. 

Exanw1e7 

s N-< l-Methoxycar00nyhnethyl- l .2.3.+tetrabydrojsoquinolin-7-yll-2-thio.phene.carboxirnidamide 

(a) 7-Nitro-1.2.3.4-tetral\ydrojsocwiooJine-l-acetic acid m;thyl ester hydrochloride 

To a suspension of7-nitro-1,2.3.4-tetrahydroisoquinolin.e-l-acetic acid (2.75 g. 11.5 mmol) in 

m:thanol (25 ml) at 0 °C was added dropwise thionyl chloride (3.6 mL 41 mmol). After addition 

_was COJ11>lete, the reaction mixture was heated at reflux for 0.33 h. After cooling slightly, ether 

10 (50 ml) was added and the reaction mixture was cooled to 0 °C. The precipitate was colle.cted 

to give the title compound as a light yellow solid (3.09 g, 93%). mp. 211-2 °C. 

(b) 7-Amino-1.2.3.4-tetrabydroisoquinotine-1-acetic acid roethyl ester dihydrochloride 

To a solution of 7-nitto-1,2,3,4-tetrahydroisoquinoline- l-acetic acid methyl ester hydrochloride 

(3.08 g. 10.7 mrnol) in a solution of methanol (170 ml) and saturated hydrogen chloride in 

1s isopropanol (12 ml) was added 10% Pd-C (0.5 g). The reaction mixture was hydrogenated on a 

Parr Hydrogenator for 2 h at 50 psi. After the catalyst was removed by filtration, the solvent 

was concentrated to about 1/5 the volum:. Isopropanol (70 ml) was added and the precipitate 

was collected to afford the title compound as a pale :Yellow solid (3.10 g. 98%). mp. 245-6 °C 

(dee.). 

20 (c) N-0 -Methox:ycarbonxJngtbyl-1.2.3.4-tetrabydroisoquinolin-7-yD-2-

tbiophenecarboximjdamide 

A suspension of 7-amino-1,2.3,4"tetrahydro-1-thiopheneacetic acid methyl ester dihydrochloride 

( 1.62 g, 5.52 mrml). S-methyl 2-thiophenethiocarboximide hydroiodide {2.00 g. 7 .01 mmol). 

and pyridine (0.48 ml. 6.0 mmol) in N-methylpyrrolidinone (6.0 ml) was heated at 45 °C for 4 h. 

2S The reaction mixture was poured into water. basified with potassium carbonate and extracted 

twice with ethyl acetate. The combined. organic phases were extracted twice with dilute 

hydrochloric acid. basified with potassium carbonate, extracted twice with ethyl acetate. dried 

(MgSO,) and concentrated to give an oil Colwm chromatography on silica gel. using 5-10% 

methanol in chlorofonn saturated with arnnx>nia. afforded the title compound as an oil (1.29 g) 

30 which solidified on standing. An analytical sample was obtained by recrystailization from ethyl 

acetate-hexanes. mp. 136-7.5 °C. 
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Example8 

N-C 1.2.3.4-Ietrahydroisoq.uinoline-J -acetic acid-7-yl)..2-thio.pbenecarboximjdamide lithium salt 

N-( 1-Methoxycarbonylmethyl-1.2,3,4-tcttahydroisoquinolin-7-yl)-2-thiophenecarboximidarnide 

s (Example 7) (129 mg. 2.21 mmol) and lithium hydroxide (55 mg, 2.3 mrrol) in a solution of 

TilF ( 10 ml), methanol (5 ml) and water (3 ml) were heated at reflux for 2 h. The solvent was 

evaporated at the rotoevaporator to give a solid. Trituration with ethanol (20 ml) afforded. after 

filtration. the title compound as a white solid (449 mg. 63%), MS 314 (M+Ht, 1H NMR (~­

DMSO), 7.68 (d, lH), 7.53 (d, JH}, 7.03 (t. lH), 

io 6.90 (d, IH). 6.61 (s. lH), 6.54 (cf. nn. 6.35 (broads. 2m. 4.08 (broad m. Hi). 3.0-3.2 cm. 

lH), 3.0-3.2 (m. lH), 2.3-2.9 (m. SH). 

Exam\lle 9 

N-Cl-Aminocarb<>nylmethyl-1.2,,3.4-tetrabydroisoquinolin-7-yll-2·thiqphenecarboximjdamide 

15 dibydrochloridc 

(a) 7-Nnro-1.2.3.4=tetrahydrojsoquinoline- l-acetonitrile 

A suspension of7-nitro-3,4-dihydroisoquinoline (13.4 g. 76. l mrool) and cyanoacetic acid (12.5 

g, 150 mmol) in acetic acid (55 ml) was heateid at reflux for 0.5 h. After evolution of carbon 

dioxide had ceased and the reaction mixture had cooled. the solvent was removed on the 

20 rotoevaporator. The residue was triturated with isopropanol (JOO ml) and the solid was 

collected. 'The crude product was partitioned between ethyl acetate and dilute potassiwn 

carbonate solution. The dried (MgSO,) organic phase was concentrated to give the title 

compound as an orange solid (12.6 g, 76% ), MS 218 (M+Ht. 1H NMR (CDQ3) 8.03 (dd, 

lH). 7.99 (d, lH), 7.31 (d, lH), 4.45 (t. lH), 3.1-3.4 (m, 3H), 2.9-3.0 (m, 3H), 2.07 (tl'oad S, 

1S lH). 

(b) 7-Nitro-1.2.,3.4-tetrabydroisoqyinoline-1-acetamide 

To cold concentrated sulfuric acid (100 ml) was added, in a single ponion, 7-nitro-1.2.3,4-

tetrahydroisoquinoline-1-acetonitrile (12.6 g, 58.0 rrmol). The reaction mixture was stirred for 

6 h at that temperature after which time all the starting material had dissolved. The reaction 

30 mixture was poured on ice and the solution made basic with concentrated ammonium hydroxide 

at such a rate as to control the exotherm. Tite precipitated product was collected, washed with 
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copious aroounts of water, and air-dried to give the title compound as a red solid (12.1 g. 89% ), 

mp. 246-7 °C (dee.). 

(c) 7-Amino-l.2.3.+tctrabydrojsoqpinoJine-1-acetamide dibydrocNoride 

This compound was prepared as described for Example 2(e) except ethanol was used as the 

~ solvent. From 7-nitro-1,2,3,4-tetrahydroisoquinoline-1-acetamide (1.20 g) was isolated the title 

compound as an off-white solid (1.05 g, 85%), mp. 168-70 °C. 

(d) N-< l-Aminocarbonylmetbyl-1.2.3.4-tetrahydroisoq_uinolin-7-yll-2-

tbiophenecarboximidamide dih)'drocbJoride 

This compound was prepared as described for Example S(b). From 7-anBllo-1,2,3.4-

10 tctrabydroisoquinoline-1-acetamide dihydrochloride (1.05 g. 3.58 mmol) wasisoJate.d the title 

compound as the free base {0.66 g, 58% ). The dihydrochloride salt was prepared by dissolving 

the free base in isopropanol and adding hydrogen chloride in isopropanol until the solution was 

acidic, MS 315 (M+Ht. 'H NMR (d&-DMSO) 11.7-11.8 (broads. lll), 

10.1-10.2 (broads. lH). 9.7-10.1 (broads. lH), 9.4-9.6 (broads. lH). 8.8-9.3 (broads, lH), 

u 8.1-8.2 (m. 2H). 7.83 (broads, lH), 7.3-7.4 (m. 4H). 4.80 (broad m, lH), 3.0-3.5 (m. SH). 

ExampJe JO 

N-<2.3-Diroetbyl- J .2.3.4-tetrabydroisoqµinolin-7-yJ>-2-thiQphenecarboximidamide 

(a) 2.3-Dimethyl-7-nitro-1.2.3.4-tetl'ahydroiWQuinoline hydrochloride 

20 To 3-methyl-7-nitro·l.2,3,4-tetrahydroisoquinoline h)tlrochloride (2.0 g, 8.75 mrml) in 

37% formaklehyde (7.0 ml. 87.5 mrml) was added 96% fonnic acid (3.5 mi 87.5 mmol) and 

sodium formate (0.60 & 8.75 nmol). The mixture was heated at reflux for 1 h, cooled. dwnped 

into basic water and extracted with ethyl acetate (3 x 50 ml). The combined extracts were 

washed with water, dried over magnesium sulfate. filtered. and concenttated to an oil. The oil 

2:S was dmolved in ethanol and treared with isopropanol-HO. The solids were collected by 

filtration (2.0 g. 95%), m.p. 242-244 °C. 

(b) 23-Dimechyl-7-amino· I .2.J.4-tetrahydroisoquinoline hydrochloride 

To 2.3-dimethyl-7-nitro-1.2,3.4-tetrahydroisoquinoline hydrochloride (2.0 g, 8.24 nrnol) in 

methanol (100 ml) was added a catalytic ame>Wlt of 10% Pd-C. The mixture was hydrogenated 

30 a1 50 psi for 1 h. filtered, and concentrated to a solid which was used immediately in the next 

reaction (1.6 g. 92%). m.p. 215-217 °C. 
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(c) N-<2.3-Dimethyl-1.2.3.4-tettaby<JrpisOQPinolin-7-yll-2-thio.phenecarboximidamide 

To 2,3-dimethyl-7-amino--l.2.3.4--tetrahydroisoquinoline hydrochloride (1.6 g, 7.60 mrol) in l­

methyl-2-pyrrolidinone (10 ml) was added S-rrethyl-2-thiophenethiocarboxUnide hydroioctidc 

(2.5 g. 8.74 mrml). The mixture was stirred for 24 h at 45 °C, dumped into basic water and 

s extracted with ethyl acetate (3 x 50 ml). 1lie combined extracts were washed with water, dried 

over magnesium sulfate. filtered. and concentrated to a oil which was pwificd by RPHPLC 

(acetonitrile-water; 0-60%; 50 min). Lyophilization afforded a white solid (1.45 g); MS (M +Hr 

286. 

10 Exan;>le l l 

(-)-N-00-Methyl-2.3.5.10.11.1 Ja-hexabydro-lH-ll)'IIOlof2. l-cU 1 .4lbenzodjazapin-7-yll-2-

tbiopbent:carhoximjdarnide clibydrocbJoride 

(a) 10-Metbyl=2.3-dihydro-1H-pyrrolor2.l-cl[ l.4Jbenz<>diazapine-5.l 1(10H. l laH}dione 

To (S)-( + )-2,3-dibydro- l H-pyrrolo(2, 1-c ][ 1.4Jbcnzodiazapine-5.11 ( 1 OH, l laH)-dione (9.9 g, 

15 45.8 mmol) in DMF (150 ml) at 0 °C was added NaH (2.0 g. 50.4 mmol). The mixture was 

warmed to room temperature and stirred for 1 h before methyl iodide (8.56 ml. 137 rrmol) was 

added dropwise. After stirring for an additional 1 h. the mixture was dumped into 

water (I 1) and extracted with ethyl acetate (3 x 100 ml). The combined extracts were washed 

with water. dried over magnesium sulfate, filtered. and concentrated to a solid which was 

20 recrystallized from ethyl acetate-hexane (5.7 g, 54%), mp. 118-120 °C. 

(b) 10=Metbyl-7-nitr0:2.3-dibydro-lH·ro'J!olol2.l:clC1.4]benmQiazapine-5.llOOH.llaHl­

dionc 
To 10-methyl-2,3-dihydro-lH-pyrrolo[2.1-c][l,4]benzodiazapine-5,ll(lOH.llaH)-dione 

(5.7 g. 24.7 mmol} in concentrated sulfuric acid (60 ml) at 0 °C was added potasSium nitrate 

25 (2.62 g, 25.9 mrool). After stirring for 2 h the mixture was dumped onto ice (500 g) and 

extracted with ethyl acetate (5 x 75 ml). The combined extracts were washed with water, dried 

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

acetate-hexane (5.2 g, 77%). m.p. 160-162 °C. 

(c) 10-Metbyl-7-nitro:2.3.5.10.11.l la-hexahydro-1H-p_yrrolo[2.1-cl[l.4lbenzajjazapine 

30 hYdrochloride 
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To JO-methyl-7-niuo-2,3-dihydro-1H-pyrroJo[2,1-c ]{ 1.4 ]benzodiazapine-5.11 (l OH.1 laH)­

dione (5.2 g. 18.9mmol)in1l1F (30 ml) was added 1.0M borane in TilF (151 ml. 

151 mmol). The mixture was brought to reflux for 6 h. cooled, quenched with 4N HO 

(30 ml) and brought to reflux for an additional 1 h. The 1HF was evaporated and the aqueous 

s layer made basic by the addition of 50% NaOH. The aqueous layer was extracted with ethyl 

acetate (5 x 75 ml) and the combined extracts were washed with water, dried over magnesium 

su1fate. :filtered. and concentrated to a oil. The oil was dissolved in ethanol and treated with 

isopropanol-HO. The solids were collected by filtration (2.6 g. 50% ). 

mp. 230-238 °C. 

io (d) 7-Amino-10-metbyl-2.3.5.J0.11.l la-hexabydro-lH·PlifOI0[2.1-cl 

r 1.4Jbenzndiaµpine hydrochJoride 

To 10-methyl-7-nitro-2.3.5.10.11, 11 a-hexahydro-1 H-pyrrolo[2. l-c ]( 1 .4]benzocliazapine 

hydrochloride (2.6 g, 9.16 nmol) in methanol (100 ml) was added a catalytic amount of 

10% Pd-C. 1be mixture was hydrogenated at 50 psi for 1 h. filtered, and concentrated to an oil 

is which was used :immediately in the next reaction. 

(e) (-l-N-C lO:Methy1-2.3.5.10.11.l la-hexah}rlro-lH-RYJTolo[2. J-c)( l .4Jbenzodia;rapin-7-yll-2-

thiophenecarboximidamide dibydrocbJoride 

To 10-methyl-2,3.S.IO. l l.l la-hexahydro-1H-pyrrolo[2.1-c][l ,4]benzodiazapin-7-amine 

hydrochloride (1.6 g, 7.00 mmol) in l-methyl-2-pyrrolidinone (10 ml) was added S-methyl-2-

:zo thiophenethiocarboximide hydroiodide (2.5 g, 8.74 mrool). The mixture was stirred for 24 hat 

45 °C. dumped into buic water and extracted with ethyl acetate (3 x SO ml). The combined 

extracts were washed with water, dried over magnesium sulfate. filtered. and concenmued to a 

solid which was recrystalli:zed from ethyl acetate-hexane. The solid was dissolved in ethanol and 

tteated with isopropanol-HO. The salt was collecced byfilttation (1.2 g, 32%), mp. >200 "C 

2S (dee.). [a]D-84.15 ° (c 0.9899. MeOH). 

Example 12 

N-C3-Pro_pyl-1.2.3.4-tctrabydroisoqginolin-7-yl>-2-thioJ)hene&arboximidamide dibydrochloride 

To a stirred solution of 3-propyl-1,2,3.4-tetrahydroisoquinolin-7-amine dihydrochloride (3.0 

30 g. 11 rmnols) (prepared following a method analogous to that set out in Examples 1 and 2 

for preparation of the methyl and ethyl analogues) in N-methylpyrrolidinone (50 ml) was 
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added pyridine (1.0 ml, 12 mmols). To the reaction was added S-methyl-2-

thiophenethiocarboximide hydroiodide (3.7 g, 13 mmol) and the mixture was then heated to 

40 °C for 18 h. The reaction was then poured into 20% sodium hydroxide (300 ml). The 

aqueous phase was then extracted with ethyl acetate (3 x 100 ml), and dried over 

s magnesium sulfate. Evaporation of the solvent yielded a crude oil. A salt was made from 

ethyl acetate. ethanol and saturated isopropanol-HCl. The product, N-(3-propyl-1.2,3.4-

tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidamide dihydrochloride was dried at 

80 °C for 24 h, (2.9 g). m.p. 205-206 °C. 

10 Example 13 

( + l-N-C3-Ethyl- l .2.3.4-tetrahydroisoquinolin-7-yll-2-thio.pbenecarboximidamide 

dihydrocbloride 

(a) <S> and CRl-3-Ethyl-7-nitro-1.2..3.4-tetrabydroisoquinoUne 

To a solution of 3-ethyl-7-nitro-3.4-dihydroisoquinoline (15.8 g. Example 2 (d)) in 

is methanol (100 ml) at 0 °C was added sodium borohydride ( 4 g). After foaming had stopped. 

the reaction was poured into water (750 ml) and then the aqueous phase was extracted with 

ethyl acetate (3 x 300 ml). Evaporation gave 3-ethyl-7-nitro-1,2,3,4-tetrahydroisoquinoline 

as a tan oil {15.8 g). 

The isomers were separated by selective crystallization as follows: 

20 To a stirred solution of 3-ethyl-7-nitro-1,2,3,4-tetrahydroisoquinoline (15.8 g, 76 rnmols) in 

ethanol (100 ml) was added dibenzoyl-L-tartaric acid (27.45 g, 76 mrnol) dissolved in 

ethanol (100 ml). To this was added ether (150 ml), whereupon on standing a solid 

crystallized. nus material was collected and dried (20.6 g). The above solid was 

recrystallized from refuxing methanol (21). This material (6.0 g) was 99.5% one isomer by 

is capillary electrophoresis. The above compound was the dissolved in water (500 ml) and the 

aqueous phase then made basic and the compound exttaeted into ethyl acetate 

(3 x 200 ml). This yielded 3.5 g of material. 

(b) ( + ). 3-Ethyl-1.2.3,4.tetrabydroisogu.inolin-7-amine dihydrochloride 

To a pressure bottle charged with ( + )-3-ethyl-7-nitro-1,2.3,4-tettahydroisoquinoline (3.5 g) 

10 dissolved in methanol (100 ml) and saturated isopropanol-HO (20 m1) was added 
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10% Pd-C (250 mg). and the reaction was hydrogenated for I h. The catalyst was removed 

by filtration and the solvent evaporated to give { + )-3-ethyl-1,2,3,4-tetrahydroisoquinolin-7 • 

amine dihydrochloride (3.4 g), m.p. 199-200 °C. [a]o +68.4° (c 0.976, methanol). 

( c) ( + l-N-(J·Etbyl-1.2.3.4-tetrahydroisoquinolin-7-yD-2-thio.phenecarboximidarnide 

s dibydrocbJoride 

To a stirred solution of (+)-3-etbyl-1,2,3,4-tetrahydroisoquinolin-7-amine dihydrochloride 

(3.0 g. 12 mmols) in N-methylpyrrolidinone (50 ml) was adcbl pyridine (1.4 ml, 

18 mmols}. To the reaction was added S-methyl-2-thiophenethiocarboximide hydroiodide 

(4. l g. 14 mmol) and the mixrure was then heated to 40 °C for 18 h. The reaction was then 

10 poured into 20% sodium hydroxide (300 ml). The aqueous phase was then extracted with 

ethyl acetate (3 x 100 ml), and dried over magnesium sulfate. Evaporation of the solvent 

yielded a crude oil. A dihydrochloride salt was made from ethanol and ether and saturated 

ethanol-Ha. (+)-N-(3-Ethyl-1,2,3,4-tetrahydroisoquinolin-7-yl)-2-

thiophenecarboximidamide dihydrochloride (0.9 g), m.p. 187-188 °C. 

is [ a}o + 52.8° (c 0.996, methanol). 

Example 14 

C-l-N-<3-Etbyl-1.2.3.4-tetrahYdroiSOQuinolin-7-yll-2-thiophenecarboximidamide 

dibydrochloride 

20 This compound was prepared following a method analogous to that of Example 13. 

(a) (-)-3-Etbyl-1.2.3.4-tenabydroisoquinolin-7-amine dihydrochlori<ie 

The above compound had a rotation of [a]n-69.29°(c 1.104, methanol), m.p. 201-202 °C. 

(b) <->-N-<3-Ethyl-1.2.3.4-tetrahydroisoquinolin-7-yll-2-thiQPbenecarboximidamide 

dihy<frochloride 

is The above compound had a rotation of [a]o-57.6° (c l.156, methanol). m.p. 193-194 °C. 

Example 15 

N-(3-Ethyl-2-mctbyl-1.2.3.4-tetmbydroisoquinolin-7-yl>-2-thio.phenecarboximidamide 

(a) 3-Ethyl-7-nib'0-1.2.3.4-tetrabydroisoguinoline 

Jo To a stirred solution of 3-ethyl-7-nitro-3,4-dihydroisoquinoline (5.0 g) in methanol 
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(100 ml) was added sodium borohydride (3 x 0.4 g). and the reaction was stim:d for 2 h. 

Enough 4N HQ was added to the reaction mixture to make it acidic whereupon a solid 

crystallized out and was collected by filttation (4.0 g). 

(b} 3-Ethyl-2-methyl-7-nitro-1.2.3.4-tetrabydroisoquinoline hydrochloride 

5 To a stirred solution of 3-ethyt-7-nitro-1,2,3.4-tetrahydroisoquinoline hydrochloride (4.0 g, 

8 mmol) in formaldehyde (15 ml) was added formic acid (7 .0 ml) and the reaction was then 

refluxed for 1.5 h. The reaction was cooled and poured into water (300 ml} and made basic 

with 50% NaOH. The aqueous phase was then extracted with dichloromethane 

(3 x 100 ml). and the organic phase dried over MgSC>.s. Evaporation of the solvent yielded 

10 a crude oil. A hydrochloride salt was made from ethanol-HO. (1.8 g), m.p. 240-241 °C. 

(c) 7- Amino-3-etbyl -2-mcthyl-1.2.3.4-tetrabydrojsoquinoline dihydrochJorid~ 

To a pressme bottle charged with 3-ethyl-2-methyl-7-nitro-1.2.3,4-tettahyd.roisoquinoline 

hydrochloride (3.6 g. 17 mmols) dissolved in methanol (100 ml) and saturated 

isopropanol-HCl (20 ml) was added 10% Pd-C (250 mg). and the reaction was 

1s hydrogenated for 1 h. The catalyst was removed by filtration and the solvent evaporated to 

give the title compound (4.3 g). 

(d) N-<3-Etbyl-2-metbyl· 1.2.3.4-tetrahydroisoquinolin-7 -yll-2-thio.phenecarboximidamide 

To a stirred solution of 7-amino-3-ethyl-2-methyl~ 1.2.3.4-tetrahydroisoquinoline 

dihydrochloride (1.7 g, 7.1 nunols) in N-methylpyrrolidinone (50 ml) was added pyridine 

20 (0.5 g. 7.1 nunols). To the reaction was added S-methyl-2-thiophencthiocarboximide 

hydroiodide (2.2 g. 7 .8 mmol) and the mixture was then heated to 40 °C for 18 h. The 

reaction was then poured into 20% sodium hydroxide (300 ml). The aqueous phase was 

then extracted with ethyl acetate (3 x 100 ml). and the extracts were dried over magnesium 

sulfate. Evaporation of the solvent yielded N-(3-ethyl-2-methyl-l .2.3.4-

2s tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidamide (600rng), m.p.125-126 °C. 

Example 16 

N-C 1.3.4.6. l J .l la·Hcxabydro-2H-benzo[blguinolizin-8-yll-2-thiophenecarboximidamide 

dihydrochloride 
30 (a} 1.3.4.6.11. 11 a-Hexabydro-2H-benzo[b)Quinolizin-6-onc 
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To a solution of l,3,4,6-tetrahydro-2H-benzo[b]quinolizin-6-one (4.02 g, 20.2 mmol) 

(M.A. Haimova. V.l. Ognyanov, and N.M. Mollov. Synthesis. 1980, 845} in ethanol 

(250 ml) and 2.5M hydrochloric acid (10 ml) was added 10% palladium-on-carbon (0.8 g) 

and the solution was shaken on a Parr Hydrogenator for 72 h. The catalyst was filtered off_ 

s and the filtrate was concentrated to give an oil which was partitioned between ethyl acetate 

and dilute base. The dried (magnesium sulfate) organic phase was concentrated in vacuo 

and then placed on a high vacuum system to give the title compound as a white solid 

(3.8 g. 94%). m.p. 88-92 °C. 

(b) 8-Nhro-1.3.4.6.11.11 a-hexahydro-2H-benzo(bJguinolizin-6-one 

10 l.3.4.6.l l.l la-Hexahydro-2H-benzo(b)quinolizin-6-one (3.78 g, 18.7 mmol) was dissolved 

in concentrated sulfuric acid (50 ml) at 0 °C. potassium nitrate (2.02 g, 20 mmoJ} was added 

and the reaction mixture was stirred overnight. The reaction mixture was poured onto ice 

(200 g) and was partially neutralized with concentrated ammonium hydroxide. The 

precipitate was collected and air-dried to give the title compound as a yellow solid (4.22 g, 

IS 92%). m.p. 137-42 °C. 

(c) 8-Nitro-1.3.4.6.l l ,11a-hexabyd.ro-2H-t>enzofblguinolizine hydrochloride 

To a solution of 8-nitto-l.3.4.6.l I .l la-hexahydro-2H-benzo[b]quinolizin-6-one (4.18 g, 

17.0 mmol) in anhydrous THF (50 ml} was added I.OM borane in nIF (50 ml). The 

reaction mixture was heated at reflux for 18 h. After cooling to room temperature, the 

20 excess borane was quenched by the addition of methanol and 6M hydrochloric acid (6 ml) 

and the solution was heated for 2 h. The solvent was removed in vacuo and the residue was 

taken up in water. The resulting solution was basified with sodiwn hydroxide and extracted 

twice with dich1oromethane. The dried (magnesium sulfate) organic phase was concentrated 

to give an oil which was immediately taken up in ethanol (60 ml). Hydrochloric acid in 

2s ethanol was added until the solution was distinctly acidic and the solution was stirred for 

several hours at ambient temperature. The precipitate was collected, washed with ethanol. 

and air-dried to give the title compound as a white solid (3.03 g, 70%), m.p. 245-7 °C 

(dee.). 

(d) 1.3.4.6. 11.1 la-ffexAhydro-2H·benzoCb]qginolizin-8-amine hydrgchloride 

30 8-Nitro·l,3,4,6.11.lla-hcxahydro-2H-benzo(b]quinolizine hydrochloride (2.93 g, 
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10.9 mmol) was dissolve.din ethanol (150 ml) and 10% palladium-on-carbon (0.4 g) was 

added and the solution was shaken on a Parr Hydrogenator for 2 h. The catalyst was 

filtered off and the catalyst was washed with water. The filtrate was concentrated and 

absolute ethanol was added and evaporated to drive off excess water. The resulting solid 

s was taken up in hot ethanol (75 ml) and ether ( 100 ml) was added slowly. The precipitate 

which formed was collected and dried in the air to give the title compound as an off-white 

solid (2.48 g, 95%), m.p. 241-3 °C (dee.). 

(e) N-{ 1.3.4,6.11. 1 la-Hexabydro-2H-benzofb1Q.Uinolizin-8-yll-2· 

thiophenecarboximidamide dibydrochloride 

10 This compound was prepared by analogy with the method of Example 5 (b); from 

1.3,4.6,7, l la-hexahydro-2H-benzo[bJquinolizin-8-amine hydrochloride ( 1.10 g. 

4.61 nunol) was isolated after recrystaJlization from ethyl acetate-hexanes the free base 

(0.78 g). This was inunediately taken up in isopropanol and acidified with hydrochloric acid 

in isopropanol. The title compound was precipitated by the addition of ethyl acetate to give 

is an off-white solid (0.96 g, 54%). MS 312 (M+H)\ NMR {d6·DMSO) 11.7-12.0 (broads. 

2H), 9.7-10.2 (broads, lH), 9.0-9.5 (broads. lH), 8.22 (d, lH). 8.16 (d. lH), 7.3-7.4 (m, 

3H). 7.27 (s. lH). 4.44(d,1=17, lH). 4.24 (dd, J= 7, 17, lH), 3.4-3.6 (m. 2H), 3.0-3.2 (m. 

3H), 1.5-2.2 (m, 6H). 

20 Example 17 

N-C5J,8.9.10.11.l la.12-0ctahydroa7.Cllino{l.2-blisoq.uinolin-3-yll-2-

thiO!)henecarboxirnidamide dibydrochloride 

(a) 8.9.10. 11-Tetrahydro-7H-azepjnof 1.2-b]isoquinolin-5-one 

Homophthalic anhydride (4.86 g, 30 mmol) was added ponionwise over 10 minutes to a 

25 refluxing solution of 1-aza-2-mcthoxycycloheptene (4.20 g, 33 nunol) in toluene. After 

addition was complete, the reaction mixture was heated an additional 1 h before cooling to 

ambient temperature. The reaction mixture was diluted with chloroform, the resulting 

solution was washed twice with sodiwn hydroxide, and the dried (magnesium sulfate) 

organic layer was concenuated in vacuo. The residue was chromatographed on silica gel 

JO using chlorofonn. followed by 4% methanol in chlorofonn. as eluent to give the desired 
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compound. This was aiturated with 20% ether in hexanes (40 ml) to yield the title 

compound as an off-white solid (2.21g.42%). m.p. 99-101 °C. 

(b) 8.9.l0.11.1la.12-Hexabydro-7H-azq>ino[1.2-b]isoqpinolin-5-one 

This compound was prepared by analogy with the method of Example 16 (a); from 

s 8.9.10.11-tetrahydro-7H-azepino[l.2-b)isoquinolin-5-one (2.60 g) was isolated the tide 

compound as a crude, colorless oil (2.53 g). MS 216 (M+H)+, which was carried on 

without purification to the next step. 

(c) 3-Nitro-8.9.10.11.1la.12-hexahydro-7H-aze.pinof1.2-blisoguinolin-5-one 

To a solution of 8,9.10.11.lla.12-hexahydro-7H-azepino(1.2-b]isoquinolin-5-one (2.50 g, 

io 11.6 mmol) in concentrated sulfuric acid (30 ml) at 0 °C was added in a single portion 

potassium nitrate (l.23 g. 12.2 mmol). After the reaction mixture had stirred overnight, it 

was poured onto ice and basified with concentrated ammonium hydroxide. The aqueous 

phase was extracted twice with dic:hloromethane. dried (magnesium sulfate), and 

concentrated to leave about IS ml of solvent. Hcxanes (100 ml) was added and the solution 

is was placed in the freezer. The precipitated product was collected and dried to give the title 

compound as a yellow solid (1.94 g. 64%}. m.p. 117.5-9 °C. 

( d) 3-Nitro-5.7.8. 9 .10. 11.J I a.12-octabydroaze.pinol 1.2.-b}isoquinoline hydrochloride 

This compound was prepared by analogy with the method of Example 16 (c); from 

3-nitro-8.9.10,ll,l la.12-hexahydro-7H-azepino[ 1,2-b}isoquinolin-5-one ( 1.90 g, 

20 7.30 mmol) was isolated the title compound as a white solid (1.92 g, 93%), 

m.p. 253-5 °C (dee.). 

(e) 5.7 .8.9.10.11. l la. 12-0ctaby<lroazepinoCl .2.-blisoquinolin-3-amine hydrochloride 

1biscompound was prepared by analogy with the method of Example 16 (d); from 

3-nitro-5.7.8.9,10.11,lla.12-octahydroazepino[l.2.-b]isoquinoline hydrochloride (1.90 g, 

2s 6.72 mmol) was isolated the title compound as an off-white solid (1.64 g, 96%), 

m.p. >230 •c (dee.). 

(f) N-CS.7.8.9.10. 11.11a.12-0ctabydroaze,pino[ 1.2-b}isoquinolin-3-yll-2-

thiqphenec3Tboximidamide dihydrocbloride 
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This compound was prepared by analogy with the method of Example 5 (b); from 

5,7,8,9,10,11, lla.12-octahydroazepino(l,2,-b]isoquinolin-3-amine hydrochloride (l.50 g, 

5.73 mmoJ) was isolated 1.19 g (62%) of the free base form of the title compound, 

m.p. 127-8.5 °C. The dihydrochloride salt was prepared by dissolving the free base in 

s isopropanol and acidifying with hydrochloric acid in ethanol. The salt was precipitated by 

the addition of ethyl acetate. MS 326 (M+H)+; NMR(d6-DMSO) 10.1-10.3 (broad, IH). 

9.9-10.l (broad. 1H), 9.1-9.3 (broad. IH). 8.21 (d. lH). 8.16 (d, lH). 7.3-7.4 (m. 3H), 

7.27 (s. lH). 4.4-4.6 (broad m, 2H), 3.3-3.6 (m. 4H), 3.05 (d, lH), 1.5-2.3 (m. SH). 

10 Example 18 

N-C2-C2-Hydroxyetbyl}=1.2.3.4-tetrahydroisoquinolin-7-yll-2-thi0l)benecarboximidamide 

dihy<irocbloridc 

(a) 2-Hy<iroxyethyl-7-nitro- J .2.3.4-tetrahydroisoq.uinoline hyclrochlotide 

To a solution of 7-nitr0-1,2,3,4-tetrahydroisoquinoline hydrochloride (5.01g.23.3 mmol) 

t5 in ethanol (200 ml) at 0 °C in a pressure bottle was adde4 2.5 M sodium hydroxide solution 

(10 mJ). This solution was stiJTed for 0.2 h before ethylene oxide (4.2 ml) was added and 

the bottle was capped and the solution was stirred overnight while slowly allowing it to 

warm to ambient temperature. The solvent was concentrated and the aqueous solution was 

extracted twice with dichloromethane. The combined and dried (magnesium sulfate) 

20 extracts were concentrated to give an oil. 'This oil was immediately dissolved in ethanol 

(125 ml) and hydrochloric acid in ethanol was added until a distinctly acidic solution was 

obtained. After cooling, the title compound was collected and isolated as an off-white solid 

(3.76 g. 62%), m.p. 213 °c (dee.)~ 
(b) 2-Hydroxyetbyl-1.2.3.4-tetrahydroisoquinolin-7-amine bydr<>Chloride 

is This compound was prepared by analogy with the method of Example 16 (d); from 

2-hydroxyethyJ-7-nitro-1,2.3.4-tetrahydroisoquinoline hydrochloride (2.0 g. 7 .72 nunol) 

was isolated the title compound as an off-white solid (1.64 g. 93%), m.p. 181.5-3.5 °C. 

( c) N-<2-(2-HydI'Oxyethyl)- J .2.3.4·tetrabydroisoqµinolin-7-yll-2-

thiQpbenecarboximidamide dihydrocbloride 

:JO This compound was prepared by analogy with the method of Example 5 (b). From 
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2-hydroxyethyl-1,2.3,4-tetrahydroisoquinolin-7-amine hydrochloride (l.29 g, 5.64 mmol) 

was isolated after recrystallization from isopropanol 0.94 g (55%) of the free base as an off­

white solid. m.p. 160-2.5 °C. This was dissolved in isopropanol and acidified with 

hydrochloric acid in ethanol. The title compound was isolated as a white solid (1.08 g, 

s 51 %}, m.p. 241-3 °C. 

Example 19 

N-C6.6a.7 .8.9.10-Hexahydro-l2H-pypdof2.1-c][l .4]benzoxazcpin-2-yl)-2-

thiqphcnecarb9ximidamide dibydrochloride 

10 (a) 1-£2-Buoro-5-nitrQpbenyllmelhyl-2-(Jlydroxymethyl)pjperidine hydrochloride 

To 2-fluoro-5-nitrobenzaldehyde (IS g) and 2-(hydroxymethyl)piperidine (10.2 g) dissolved 

in methanol (150 ml) under nitrogen was added 8M borane-pyridine complex (l l.1 ml). 

The reaction was stirred overnight. The reaction mixture was then evaporated in vacuo. 

and taken up in acidic water. The solution was washed with dichloromethane 

1s (2 x 150 ml). then made basic and extracted with dichloromelhane (2 x 150 ml). The 

dichloromethane base extracts were combined, washed with water. dried and co~nttated 

to provide a yelJow oil (16.92 g). This oil was taken up in ethyl acetate and treated with 

saturated isopropanol-HCl, providing a white solid (14.2 g), m.p. 174-180 °C. 

Recrystallization from a mixture of methanol, isopropanol and diethyl ether gave a white 

20 solid (4.88 g), m.p. 199-201 °C. 

(b) 2-Nitro-6.6a.7.8.9.10-hexahydro-12H-pyridof2.l-cUI.4Jbenzoxazepine hydrochloride 

To 1-(2-fluoro-5-nitrophenyl)methyl-2-(hydroxymethyl)piperidine hydrochloride (4.88 g) in 

DMF {50 ml) under nitrogen was added 60% sodium hydride (1.41 g). The mixture was 

heated to 100 °C in an oil bath and stirred for 3 h. The resulting mix was diluted with water 

25 and extracted with ethyl acetate (3 x 200 m1). The combined extracts were washed with 

warer. decolorized, dried and concentrated to yield a brown oil (4.62 g). The crude oil was 

chromatographed on silica eluting with l: 1 ethyl acetate-hexane. The product fractions 

were combined and concenttated to provide material (2.94 g) which was taken up in 

isopropanol, and treated with isopropanol-HCI until acidic. The resulting solids were 

30 collected by filtration to provide product (2.46 g). m.p. 250-252 °C. 

(c) 2-Amino-6.6a.7,8.9.IO-hexaby<lro-12H-pyridof2.1-cll l.4lbenzoxazcpine fooirochloride 
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2-Nitto-6,6a.. 7 ,8,9, l0-hexahydro-12H-pyrido[~ 1-cl[ 1,4]benzoxazepine hydrochloride (2.46 

g) dissolved in methanol (50 ml) was treated with 10% Pd-C (0.25 g), and hydrogenated on 

a Parr Hydrogenator for one hour. filtered and evaporated to yield a tacky solid (2.28 g). 

(d) N-(6.6a,7.8-9.10-Hexabydro-12H-pyridof2.1-clfl.4lbenzoxaze.pin-2-yl>-2-

s thiQphcnecarboximidamide dihydrochloricie 

Using the product from Example 19(c) (2.28 g), the title compound was obtained using the 

method of Example l(d). 0.76 g, m.p. 276--278 °C. 

Exarnple20 

10 (+)-N-C1H.5H-2.3.11.l la-Tetrahydrogyrrolo[2. t-cl(l.4lbenzoxazepin-7-yll-2-

thi01>henecarboximidamide dihydrochloridc; mp. >220 °C (dee.). This compound was 

prepared as for Example 19. 

Example21 

ts C-l-N-ClH.5H-2.3.1 l.l la-TetrabYdroPYITOlo[2.1-cUI.4Jbenzoxazepin-7-yl>-2-

tbiophenecarboximidamide dibydrocbloride; m.p. >220 °C (dee.). This compound was 

prepared as for Example 19. 

Exarrdc22 

20 N·C2-Etbyl-2.3.4.5-tetrahydro-1.4-benzoxazapin-7-yn-2-thiophenecarboximidamide 

dihydrochlmjde 

(a) 2-Etbyl-2.3.4.5-tetrahydro-1.4-benzoxazapine bydrochloricie 

To 2-ethyl-2.3,4,5-tettahydro-l,4-benzoxazapine-3,5-dione (10 g, 48.7 mmol) in anhydrous 

THF (100 ml) was added lM borane in THF (390 ml. 390 nunol). The mixture was refluxed 

25 for 8 h, cooled to 0 °C. and quenched by the dropwise addition of 4N HQ. The mixture 

was again brought to reflux for 1 h, concenb'ated on a rotovap. made basic with 

50% NaOH. and extracted with ethyl acetate (3 x 100 ml). The combined extracts were 

washe.d with water. dried over magnesium sulfate, filtered. and concentrated to an oil. The 

oil was dissolved in isopropanol and treated with isopropanol-HCl. The salt was ftltered off 

JO and dried in vacuo (8.0 g, 77%), m.p. 196-197 °C. 
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(b) 7 -Nitto-2-etbyl-2.3.4.5-tetrahydro-1.4-benzoxazapine hydrochloride 

2-Ethyl-2,3,4,5-tetrahydro-l.4-benzoxazapine hydrochloride (8.0 g, 37.3 mmoH was 

dissolved in concentrated sulfuric acid (100 ml) and to this was added potassium nitrate 

(3. 77 g, 37 .3 mrml) at 0 °C. The mixture was allowed to stir for 5 min •• dumped onto ice, 

s neutrali7.ed with 50% NaOH, and extracted with ethyl acetate (3 x 100 ml). The combined 

extracts were washed with water, dried over magnesium sulfate. filtered, and concentrated 

to an oil. The oil was dissoh·ed in isopropanol and treated with isopropanol-HCJ. The salt 

was filtered off and dried in i·acuo (4.4 g, 46%), m.p. 238-240 °C. 

(c) 7-Arnino-2:etbyl-2.3.4.5-tctrahydro-1.4-benzoxarnpine hydrochloride 

10 7-Nitro-2-ethyl-2,3,4.5-tetrahydro-I,4-benzoxazapine hydrochloride (3.4 g, 13. 1 mmol) 

was dissolved in methanol (100 ml) and hydrogeaated at 50 psi in the presence of a catalytic 

quantity of 10% Pd-C. After 1 h the mixture was filtered through glass and evaporated to an oil 

which was used immediately in the next reaction. 

(d) N-(2.3.4.5-Ietrahydro- l .4-beJJ7.9Xazapin-7-yll-2-thiQPhenecarboximidamide 

is dihYdrochioride 

The residue from the preceeding reaction was dissolved in 1-rrethyl-2-pyrrolidinone (20 ml) and 

to this was added S-mcthyl-2-thiophenethiocarboximide hydroiodkle (3.81 g, 

13.4 mmol). The mixture was stirred for 24 hat 45 °C. dumped into basic water and extracted 

with ethyl acetate (3 x 100 ml). The combined extraets were washed with water. dried over 

20 magnesium sulfate. filtered. and concentrated to a solid which was recrystallized from ethyl 

acetate-methanol The solid was dissolved in ethanol treated with isopropanol-HO and 

triturated with ether. The sah was collectOO by filtration (1.4 g. 31 % ). 

mp. >260 °C (dee.). 

2S Example 23 

N-O-Methyl-2.3.4.5-tettahydro-lH- l.4-benmdiazapin-7-yl)- 2- thiopbenecarboximidamide 

diby<frochloridc 

(a) 7-Nitro-l-metbyl-3.4-diJ\y<iro-lH-1.4-benzo<fiazapine-2.5-dionc 

1-Methyl-3,4-dihydro-1H-benzo[e][1.4Jdiazapine-2.5-dione (3.4 g. 17.9 mmol) was dissolved 

30 in concentrated sulfuric acid (30 ml) and to this was added potasSium nitrate 
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(I .95 g. 19.3 mrml) at 0 "C. The mixture was stirred overnight. dumped onto ice. and the solids 

filtered off (3.62 g, 86% ), mp. 27 4-276 DC. 

(b) 7-Nitro-1-metbyl-2.3.4.5-tetrabydro-IH-1.4-bcnzotjiazapine hy<irocbloride 

To 7-nitro-1-methyl-3,4-dihydro-1 H- l,4-benzodiazapine-2.5-dione (3.9 g. 16.6 mmol) in 

s anhydrous THF (100 ml) was added IM borane in THF (100 ml. 100 mmol). The mixture 

was refluxed for 5 h. cooled to 0 °C, and quenched by the dropwise addition of 4N HCI. 

The mixture was again brought to reflux for I hr. concentrated on a rotovap, made basic 

with 50% NaOH. and extracted. with ethyl acetate (3 x 100 ml). The combined extracts 

were washed with water, dried over magnesium sulfate, filtered. and concentrated to a 

10 solid. The solid was dissolved in ethanol and treated with isopropanol-HO. The salt was 

filtered off and dried in vacuo (3.3 g. 85%). m.p. >260 DC (dee.). 

(c) 7-Amino- l-mcthyl-2.3.4.5-tetrahydro- l H-1.4-benzodiaza.pine hydrochloride 

7-NiD"o-1-methyl-3,4-dihydro-lH-benzo[e][J.4]diazapine hydrochloride (3.2 g. 13.l mmol) 

was dissolved in methanol (100 ml) and h~genated at 50 psi in the presence of a catalytic 

rs quantity of 10% Pd-C After 1 h the mixture was filtered through glass and evaporated to an oil 

which was used inmediately in the next reaction. 

(d) N-CJ-Methyl-2.3.4.5-tetrahydro-lH-l.4-benzodjazapin-7-y))- 2-

thi<>phenccarboximidamidc dibydrocbloride 

The residue from the preceeding reaction was dissolved in l-methyl--2-pyrrolidinone (10 ml) and 

20 to this was added S-methyl-2-thiophenethiocarboximide hydroiodide (3.60 g, 

12.6 mmol). The mixture was stirred for 18 h at 45 °C, dumped into basic water and extracted 

with ethyl acetate (3 x 100 ml). The combined extracts were washed with water, dried over 

magnesium sulf.ate. ~ and concentrated to a solid which was reaystallil.ed from ethyl 

acetate. The solid was dissolved in ethanol. treated with isopropanol-HO and lriturated with 

zs ether. The liquid was decanted and then tmre ether was added. The salt was collected by 

filtration, dissolved in water. and lyophiliz.ed (1. 1 g, 26% ), MS (M+Ht 288. 

ExBJll)le 24 

N-CJ-Beniyl-l-metbyl-2.3.4.5-tetrahydro-JH-l.4-ben:zqdinDPirt7-yl>-2-

3o thiQPhcnecarboximidarnide dihydrocbloride; m.p. >300 °C. This compound was prepared as 

for Example 23. 
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Example25 

N-( J -<N.N-Diethylaroino)Carbonylmethyl-1.2.3.4-tetrabydroisQQuinolin-7-y1>=2-

thiophenecar00ximidamide fumarate 
s (a) 2-<Phenylmethoxy)carbonyl-7-nitro-1.2.3.4 .. tetrahydroisoqµinolin-1-acetic acid 

To a solution of 7-nitro-l.2,3,4-tetrahydroisoquinoline-1-acetic acid (5.0 g. 21.0 mmols) 

{Example 6(a)] in water (250 ml) at 0 °C was added 2M potassium hydroxide solution 

(15 ml). To this cooled solution was added in portions benzyl chlorofonnate (5.0 ml. 

35 mmol) and the reaction mixture was stirred at 0 °C for 0.5 h. The solution was acidified 

10 with dilute hydrochloric acid and the precipitate which fonned was collected. The dried 

solid was trirurated with ether (200 ml) to give. after filtration. the title compound as a tan 

solid (4.83 g. 62%). m.p. 159.5-62 °C. 

(b} N.N-Dicthyl-2-Cpbenyhnethoxylcarbonyl-7-nitm-1 .2.3.4-tctrahydroisoc;111inolin- l­

acetamide 

u To a stirred solution of 2-(phenylmethoxy)carbonyl-7 -nitro- l .2.3 ,4-tetrahydroisoquinolin-1-

acetic acid (5.0 g. 13.5 mmols), HOBT (1.8 g,13.5 mmols) and TBTIJ (4.3 g. 

13.5 mmols) in DMF (50 ml) was added diethylamine (13.5 mmols). To this was added 

slowly diisopropylethy1amine (7.0 ml) and the reaction was then stirred for 48 h. The 

reaction was then poured into saturated NaCl and the aqueous phase then extracted with 

20 ethyl acerate (3 x 100 ml). The solvent was evaporated to leave a crude oil which was used 

as such. 

(c) N.N-Diethyl-7-amino-1.2.3.4-tetrabydroisoquinolin-l-acetamidedihydrochJorid~ 

To a pressw-e bottle charged wit.h N,N-diethyl-2-{phenyhnethoxy)carbonyl-1-nitro-1,2,3.4-

tetrahydroisoquinolin-I-acetamide (10 mmols) dissolved in methanol (150 ml) and saturated 

is methanol-HO (20 ml) was added 10% Pd-C (250 mg), and the reaction was hydrogenated 

for l h. The catalyst was removed by filtration and the solvent evaporated to yield N,N­

diethyl-7-amino-l,2,3,4-tetrahydroisoquinolin-1-acetamide dihyd.rochloride which was used 

as such in the next step. 

{d) N-0-(N.N-Dietbylaminolcarbonylmetbyl-1.2.3.4-teqahydroisoquinolin-7-yll-2· 

Jo thiophenecarbox.imidamide fmnarate 
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To a stirred solution of N.N-diethyl-7-amino-1.2.3.4-tetrahydroisoquinolin-1-acetamidc 

dihydrochloride (14.7 mmols) in N-methylpyrrolidinone (50 ml) was added pyridine (1.27 

g, 16.0 mmols). To the reaction was added S-methyl-2-truophenethiocarboximide 

hydroiodide (3.65 g, 17 .0 mmol) and the mixture was heated to 40 °C for 18 h. The 

s reaction was then pomed into 20% sodium hydroxide (300 ml). The aqueous phase was 

then extracted with ethyl acetate (3 x 100 ml), and dried over magnesium sulfate. 

Evaporation of the solvent yielded a crude oil. A fumaric acid salt was made using ethanol 

and isopropanol as solvents. The produc~ N-(l-(N,N-diethylamino)carbonylmethyl-

1,2,3,4-tetrahydroisoquinolin-7-yl)-2-thiophenecarboxirnidamide fumarate was dried at 

10 80 °C for 24 h (2.0 g), m.p. 189-190°C. 

Example26 

N-0-'PyrrolidinylcarbonyJmethyJ-1.2.3.4-tetrabydroisoquinolin-7-yD-2-

thio.phenecarboximidamide; m.p. 163-164 °C. This compound was prepared as for Example 

u 25. 

Example27 

N-CJ-MorpholinylcarboQylrnetbyl-l.2.3.4-tetrabydroisoQUinolin-7-yll-2-

thiewhenecarb9xirnidamide bisfumarate; m.p. 166-167 °C. This compound was prepared as 

20 for Example 25. 

Example2& 

N-Cl-((CEthyJ>amino)carbonyl)methyl- l.2.3A-tetrahydraisoquinolin-7-yll-2-

thiQPhenecarbox.imidamide bisfumarare; m.p. 166-167 °C This compound was prepared as 

is for Example 25. 

Example29 

N-O-Piperidigylcarbonyhneihyl-1.2.3.4-tetrahydroisoqyinolin-7-yll-2-

thlophenecarboximidamide~ m.p. 134.5-7 .5 °C. This compound was prepared as for 

3o Example 25. 
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Example 30 

N-<2-<2-Hydroxyethyn-2.3.4.5-tetrahydro- l H-2-benzazepin-8-yll-2-

thiopbenccarboximidamide fumarate 

PCT/SE96/01425 

s (a) 2-{2-Hydroxyethyl}-8-nitro-2.3.4.5-tctrahydro-lH-2-benzpapine hyclrochloride 

To a suspension of 8-nitro-2,3.4,5-tettahydro- l H-2-benzazapine (5.08 g. 22.2 mmol) in 

ethanol (200 ml) at 0 °C was added 2.SM sodium hydroxide solution ( l 0.0 ml). To this 

solution. in a pressure bottle. was added ethylene oxide ( 4.2 ml) and the bottle was capped 

and stirred at ambient temperature overnighL The solvent was concentrated in vacuo and 

10 the residue was partitioned between dlchloromethane and dilute sodium hydroxide. The 

organic phase was dried (magnesium sulfate) and concentrated to give a yellow solid. This 

solid was taken up in ethanol and acidified with hydrochloric acid in edlanol. Addition of 

ether effected precipitation of the title salt as an orange solid (2.69 g, 44% ), 

m.p. 193.5-4.S °C. 

ts (b) N-C2-C2-HydroxyethyD-2.3.4.5-tetrahydro-1H-2-benzazeJ>in-8-yl)-2-

thiophenecarboximidamide fumarate 

To a solution of 2-(2-hydroxyethyl)-8 nitro-2.3.4,5-tetrahydro-1 H-2-benzazapine 

hydrochloride (l.51 g. 5.54 mmol} in ethanol (100 ml) was added 10% Pd-C (0.2 g) and the 

solution was hydrogenated at 50 psi for 2 h. The reaction mixture was filtered and the 

20 filtrate was concentrated to give an oil. Evaporation with absolute ethanol gave 

2-{2-hydroxyethyl)-2,3.4,5-tetrahydro-1 H-2-benzazapin-8-amine hydrochloride as an 

amorphous solid (1.70 g, 110%) which was used without further purification. A solution of 

this salt (1.64 g. corrected to 1.50 g, 5.37 mmol) and S-methyl-2-thiophenethiocarboximide 

hydroiodide (1.91g.6.71 mmol) in N-methylpyrrolidinone 

2S (8.0 ml) was heated at 45 °C for 6 h. The reaction mixture was poured into water. basified. 

and extracted with dichloromethane. The dried (magnesium sulfate) organic phase was 

concentrated to give an oil. Colwnn chromatography on silica gel. using 2% methanol in 

chlorofonn samrated with ammonia to 10% methanol in chloroform as eluent, gave a 

yellow oil (1.69 g. 100%). nus oil (1.02 g, 3.23 mmol) was dissolved in ethanol and 
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fumaric acid (0.82 g, 7.91 mmol) was added and the solution was heated at reflux for 0.5 h. 

Upon cooling. the product was collected to give the monofumarate salt (0.68 g). 

m.p. 172-4 °C. 

s Example3J 

(+)-N-(l.2.3.5.6.10b=Hexabydrgpyrrolo[2.l-a]isoguinolin-9-yll-2-

tbiophenecarboximidamicle 

{a) 1.2.3.5.6.10b-Hexahydropyrrolof2.1-a]isoquinoline 

To a solution of 2.3,5,6-tetrahydro-l H ·pyrrolo[2, 1-a)isoquinolinium chloride (prepared by 

lo the method of S. Akaboshi. T. Kutsuma, and K. Achiwa, J. Ph.arm. Bull., 1960, 8, 14, 

from N-(2-phenylethyl)-4-chlorobutyramide (56.4 g, 0.25 mol) and extracted into 

isopropanol-dichloromethane) in methanol (700 ml) and acetic acid (50 ml) at 0 °C was 

added ponionwise sodium cyanoborohydride (19 g) over 1 h. After stirring overnight. the 

solvent was concentrated in vacuo. The residue was dissolved in dilute sodium hydroxide 

1s and was extracted twice with dichloromethane. The dried (magnesium sulfate) organic 

phase was concentrated to give an oil which was distilled using a Kugelrohr distilling 

apparatus. b.p. 100 °C at 0.25nun. to give the title compound (30.4 g. 70%) as a pale 

yellow oil. 

(b) 9-Nitro-1.2.3.5..6. l Ob-hexahydrogyrrolof2. l-a]isoquinoline hydrochloride 

20 To concentrated sulfuric acid (200 ml) at-10° C was added ponionwise l,2.3,5,6,lOb­

hexahydropynolo{2.1-a]isoquinoline (20.5 g. 118 mmol) over 2 h. After addition was 

complete, potassium nitrate ( 11.6 g, 0.115 mol) was added portionwise over 3 h. The 

reaction mixture was stirred for an additional 3 h and then poured onto ice and made basic 

with concentrated ammonium hydroxide. The product was extracted twice with 

2S dichloromethane. The dried (magnesium sulfate) organic phase was concentrated to give a 

red oil which was immediately dissolverl in isopropanol (200 ml) and made acidic with 

saturated isopropanol-HO. The resulting precipitate was collected to give a tan solid 

(18.9 g). Recrystallization from 95% ethanol (JOO ml) afforded the title compound as an 

off-white solid (11.5 g, 62%). m.p. 243-5 °C. This was converted to the free base by 
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dissolving in water. making basic with dilute base. and extracting with dichloromethane to 

give 96% recovery of the product. 

(c) ( + )-9-Nitro-1.2.3,5.6. IOb-hexahydrop,yrrolo(2.l-a1isoguinoline hydrochloride 

To a solution of 9-nitro-1~3.5,6,10b-hexahydropyrrolo[2.1-a]isoquinoline (12.2 g, 

s 55.9 mmol) in methanol (400 ml) was added dibenzoyl-L--tartaric acid (21.8 g) and the 

solution was allowed to stir at ambient temperature overnight. The solid was collected to 

give material (16.0 g. 49.7 %) with a 63;37 ratio of enantiomers as determined by chiral 

capillary zone electrophoresis (CE). This enriched salt was recryst.a.llized several times from 

methanol to give the salt (5.4 g) with a 97:3 ratio of enantiomers. This salt (5.32 g, 9.21 

10 mmol} was dissolved in water, made basic with dilute NaOH, and exttactcd twice with 

dichloromethane. The dried (magnesium sulfate) organic phase was concentrated to give an 

oil (2.09 g, 104%). This oil was taken up in ethanol (30 ml) and made acidic with ethanol­

Ha to give the title compound as a white solid (1.99 g. 85%), 

m.p. 251-3 °C (dee.); [tt]o + 71.2 ° (c LO. MeOH). This salt was a 97:3 ratio of 

is enantiomers by chiral CE. 

( d) ( + l-1.2.3.5.6.1Ob:J.:fexahyd.ro.pyrrolof2.1-a]isoqyinolin-9-amine hydrochloride 

A suspension ( +)-9-nitto-1,2,3,5,6.10b-hexahydropyrrolo{2, 1-a}isoquinoline hydrochloride 

( 1.83 g. 7.18 mmol) and 10% Pd-C (0.2 g) in ethanol (150 ml) was hydrogenated at 50 psi 

for 0.75 h. The solution was filtered and the filtrate was concentrated to a volume of 

20 25 ml. It was then heated to reflux to dissolve all of the solid and upon cooling the product 

precipitated. The title compound was isolated as a white solid (1.37 g. 8S%), 

m.p. 239-41.S °C; [a]o +62.S 0 (c 1.13, MeOH). This salt was a single enantiomer by chiral 

CE. 

( e) C + )=N·< l .2.3.5.6.10b-Hexabydropyrrolof2. l -a]isoquinolin-9-yJl-2-

2s thigphenecarboxilnidantide 

A suspension of(+)- l.2.3.5,6.IOb-hexahydropyrrolo(2.t ~a}isoquinolin-9-amine 

hydrochloride (l.25 g. S.56 nunol) and S-methyl-2-thiophenetbiocarboximide hydroiodide 

(l.98 g. 6.94 mmol) in N-methylpyrrolidinone (4.0 ml) was heated at45 °C for 4 h. The 

solution was poured into water and washed twice with ethyl acetate. The aqueous layer was 

30 basified with potassium carbonate and the crude product was collected to give a flocculent 
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solid ( J .55 g, 94% ). Recrystallization from methanol-ethyl acetate gave the title compound 

as a yellow solid (1.07 g. 65%). m.p. 198.5-200.5 °C; [a]n +64.2 ° (c 1.01, MeOH). This 

salt was a single enantiomer by chiral HPLC. 

s Exarople32 

(-l-N-< 1 .2J.5.6.10b-Hcxabydrsmyrrolol2. l-alisOQuinolin-9-yll-2-

tbiQphenecarboximida.rni® 

(a) {-)-9-Nitto-1.2.3.S.6.10t>-hexabydropyrroloC2. H1,]isoquinoline hydrochloride 

The filtrate from Example 31(c) was concentrated in \.·acuo and convened to the free base 

10 by treatment with dilute sodium hydroxide. The resulting oil was taken up in methanol (250 

ml) and dibenzoyl-D-tanaric acid (11.2 g) was added and the solution was allowed to stir at 

ambient temperature overnight. The solid was collected to give material (12.3 g. 38%) with 

a 26:74 ratio of enantiomers as detennined by chiral CE. nus enriched salt was 

recrystallized several times from methanol to give the salt (4.9 g) with a 2:98 ratio of 

is cnanti.omers. This salt (4.74 g, 8.22 nunol) was dissolved in water. made basic with dilute 

NaOH. and extracted twice with dichloromethane. The dried (magnesium sulfate) organic 

phase was concentrated to give an oil {l.88 g, 105%). This oil was taken up in isopropanol 

(30 ml) and made acidic with isopropanol-HCJ to give the title compound as a white solid 

(2.01g.96%), m.p. 250-2 °C (dee.}; [a)o -70.0 ° (c l.07. MeOH). This salt was a 

20 2:98 ratio of enantiomers by chiral CE. 

(b) (-)-1.2.3.5.6.1Qb-Hexabydropyrrolol2.1-alis0<-luinolin-9=amine hydrochloride 

This compound was prepared similarly to Example 3l(d), (1.36 g. 82%), m.p. 240-3 °C; 

[a}0 -63.0 ° (c 1.05. MeOH}. This salt was a single enantiomer by chiral CE. 

(c) {· )-N-0 .2.3.5.6.10b-Hexabydro.pyrrolo[2. l-a)isoquinolin-9-yl)-2-

2s thiophenegrboximidamide 

This compound was prepared similarly to Example 3 l(e). (0.97 g. 59%). m.p. 198-201 °C; 

[a]o -65.5 ° (c 0.944. MeOH). The product was a single enantiomer by chiral HPLC. 

Example33 
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N-(3.4.5.6.J 1. 1 la-Hexahydro· lH-C I .4loxazinof 4.3-b]isoquino1in-8-yD-2-

thiophenecarboXllnidaniide 

(a) 7-Nitro-1.2.3.4-tetrabyciro-3-isoquinolinecarboxylic acid metbyl ester 

To concentrated sulfuric acid (200 ml), cooled in an ice bath. was adde.d ponionwise 

s 1,2,3.4-tetrahydro-3-isoquinolinecarboxylic acid hydrochloride (20.4 g, 95.5 mmol). The 

mixture was stirred. with continued cooling, until the evolution of hydrogen chloride gas 

ceased. Then, potassium nitrate (9.8 g, 96.9 mmol) was added. in portions. whilst 

maintaining the temperature under 3 °C. The mixture was stirred overnight, allowing it to 

come to room temperature. and then poured onto ice. Sodium acetate trihydrate ( 1.02 kg), 

10 dissolved in water. was then added to the resulting solution. Sufficient water was added to 

solubilize the salts: the final reaction volume was 5 1. The product was filtered off. washed 

with water and air dried. yield 17.35 g. NMR indicated this to be a mixture of the 

7-nitto isomer (major component) and the 6-nitro isomer (minor component). This mixture 

was added to methanol (210 ml), the mixture acidified with dry hydrogen chloride, refluxed 

1:5 for 4 h and then allowed to cool with stirring. The product was filtered off. washed with 

methanol and air dried to yield 7-nitro-1,2.3.4-tettahydro-3-isoquinolinecarboxylic acid 

methyl ester hydrochloride (12.9 g), pure by NMR. The hydrochloride salt was dissolved in 

water and the solution basified with concentrated ammonium hydroxide and stirred for 0.5 

h. The solid was filtered off. washed with water and air dried to yield 7-nitro-1,2.3,4-

20 tettahydro-3-isoquinolinecarboxylic acid methyl ester (9.97 g), m.p. 133-5 °C. 

(b) 7-Nitro-12.3.4-tettahydroisoquinoline-3-metbanol 

To 7-nitro-1,2.3,4-tetrahydro-3-isoquinolinecarboxylic acid methyl ester (5.0 g, 

21.2 mmol) in dry retrahydrofuran (18.5 ml) was added lOM borane-methyl sulfide complex 

(2.4 ml). The mixture was heated at reflux for 1.5 h while distilling off the methyl sulfide 

2s formed. The reaction mixture was cooled and methanol (2.7 ml) was added cautiously 

followed by 6N hydrochloric acid (5.4 ml). The mixture was then refluxed for 2.5 h and 

concentrated to dryness under reduced pressure. The solid residue was dissolved in water, 

the solution basified with 2.5N sodium hydroxide solution and the product extracted into 

dichloromethane. The crude product was purified by chromatography using silica gel and 
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5% methanol saturated \\ith ammonia in dichloromethane to yield 7-nitto-1.2,3.4-

tettahydroisoquinoline-3-methanol (1.71 g). 

(c) 2-Cbloro-1-(3-bydfoxymethyl-7-nitto-1.2.3.4-tetrabydroisoQUinolin-2-yl)ethanone 

To a mixture of 7-nitro-1.2.3,4-tetrahydroisoquinoline-3-methanol (1.648 g, 7.92 mmol). 

s dichloromethane (60 ml) and triethylamine (1.1 ml). cooled in an ice bath. was added 

chloroacetyl chloride (0.65 l ml). The resulting solution was stirred overnight at room 

temperature. The reaction mixture was washed with dilute hydrochloric acid and then with 

water. The organic phase was dried over anhydrous magnesium sulfate and then 

concentrated under reduced pressure to yield 2-chloro-1 ·(3-hydroxymethyl-7-nitro-1.2.3,4-

10 tettahydroisoquinolin-2-yl)ethanone (2.08 g); MS 285 (M+Hr. 

(d) 8-Nitro-3.4.5.6.11. 11 a-hexabyclro-1H-C1.4loxazinof 4.3-blisoquinolin+onc 

To 2-chloro-l-(3-hydroxymethyl-7-nitro-1.2.3.4-tetrahydro-1 H-isoquinolin-2-yl)ethanone 

(2.0 g. 7.03 ml) in tert-butanol (12 ml) was added potassium tert-butoxide (0.78 g). The 

mixture was then refluxed for 3 h. TLC indicated that the reaction was not complete. 

is Additional potassium ren-butoxide (0.245 g) was added and heating continued for 0.5 h. 

Further potassium tert-butoxide (0.3 g) was added followed by 15 minutes of refluxing. At 

this point no starting material was detected by 1LC. The mixture was cooled and 

dichloromethane (15 ml) was added. The insolubles were filtered off. The filtrate was 

concentrated under reduced pressme to yield 8-nitro-3.4.5.6.11.I la·hexahydro-IH-

20 [l,4]oxazino[4.3-b]isoquinolin-4-one (0.7 g); MS 249 (M+Ht. 

(e) 8-Nitro-3.4.5.6.J 1.lla:hexabydro-JH-[1.4]oxazinpC4.3-blisoqyinolinc hydrochloride 

To a solution of 8-nitto-3.4.5.6.11. l la-hexahydro-1H-[1,4}oxazino[4,3-b]isoquinolin-4-one 

(0.7 g. 2.82 ml) in anhydrous tetrahydrofuran (10 ml) was added I.OM borane in 

tettahydrofuran (8.0 ml}. The reaction mixture was heated at reflux for 3 h. After cooling 

25 to room temperature, the excess borane was quenched by the addition of methanol (2.0 ml) 

and then 2.5N hydrochloric acid (3.5 ml) was added and the mixture refluxed for 3.5 h. The 

reaction mixture was cooled to room temperature and the solid product filtered off and 

washed with tetrahydrofuran to give 8-nirro-3,4.5,6.1 l.1 la-hexahydro-1H­

(1,4]oxazino[4,3-b]isoquinoline hydrochloride (0.463 g), MS 235 (M+Ht. 

30 (f) 3.4.5.6. 11. 11 a-Hexabvdro= l H-( 1.4Joxazinof 4.3-blisoquinolin-8-amine dibydrochloride 
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To 8-nitro-3,4,5,6,11,11a-hexahydro-1H-[1,4)oxazino[4,3-b]isoquinoline hydrochloride 

(0.4 g) in methanol (50 ml) was added 6N hydrochloric acid (0.3 ml) and 

5% Pd-C (100 mg). The mixna.re was treated with hydrogen at SO psi on a Parr 

Hydrogcnator. Hydrogen uptake was complete in 2.0 h. The catalyst was filtered off and 

s the solvent removed under reduced pressure to yield the title product as a solid 

(0.4824 g). 

(g) N-<3.4.5.6. l l.l la-ttexabydr0=l H-Cl .4]oxazjOQ[4.3-l2]isoquinolio-8-y])-2-

thiopheoecarboximidamicle 

To a stirred mixwre of 3,4,5,6,l l,l la-hcxahydro-1H-[1,4Joxazino[4,3-b]isoquinolin-8-

10 amine dihydrochloride (0.461 g, 1.66 mmol) and methyl sulfoxide (5 ml) was added pyridine 

(0.28 ml) followed by S-methyJ-2-thiophenethiocarboximide hydroiodide 

(0.612 g). The mixture was heated at 50 °C. with stirring. for 4 h. The reaction mixwre 

was then poured into water (50 ml) and. after stirring for 1 hour, the mixture was clarified 

by filtration. The filtrate was basified with concentrated ammonium hydroxide to 

is precipitate the product as a solid. The product was isolated. washed with water and dried; 

yield 0.4917 g, m.p. 190-4 °C, MS 314 (M+Hr. 

Example34 

N-(2.3.4.6. J J. 11 a-Hexabydro-1 H-pyrazioor 1.2-b]i soquinolin-8-yn-2-

20 thio.phegecarboximidamide 

(a) 2-Chloroacctyl-7-nitro-1.2.3.4-te.nbydro-3-isoquinolinecarboXYlic acid methyl ester 

To a mixture of7-nitro-l,2,3.4-tetrahydro-3-isoquinolinecarboxylic acid methyl ester 

(Example 33 (a). 4.466 g. 18.9 mmol), dichloromethane (130 ml) and tricthylaminc 

(3.0 ml), cooled in an ice bath, was added dropwise chloroacetyl chloride (l.74 ml, 

is 21.8 mmol). The resulting reaction mixtme was stirred for 2 h at room temperature. The 

reaction mixture was then washed with dilute hydrochloric acid and then with water. The 

organic phase was dried over anhydrous magnesium sulfate and then concentrated under 

reduced pressme to yield 2-chloroacetyl-7-nitro-1,2,3.4-tetrahydro-3-isoquinoJinecarboxylic 

acid methyl ester (6.22 g). 

30 (b) 8-Nitro-3 6.11.l Ja-tetrahy<lro-2H-pyrazinofl.2-blisoquinoline-l.4-dione 
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To a solution of 2-chloroacetyl-7·nitro-1.2.3.4-tctrahydro-3-isoquinolinecarboxylic acid 

methyl ester (6.22 g) in methanol (375 ml) in a stainless steel pressure vessel. cooled in a 

dry-ice bath. was added liquid ammonia (75 ml). The vessel was sealed and the bath 

removed_ The contents were allowed to wann to room temperature overnight.. with. 

s stirring. The solid product that fonned was filtered off. washed with methanol and dried to 

give 8-nitro-3,6.11.11 a-tetrahydro-2H-pyrazino{ t ,2-b}isoquinoline-1.4-dione ( 4.5 g), 

MS 262 (M+Ht. 

(c) 8-Nitro-2.3.4.6.11. lla-bexahy<lro-lH-pyrazinof 1.2-blisoqginolinc 

To 8-nitro-3,6, l l ,l la-tetrahydro-2H-pyrazino[ 1.2-b]isoquinoline-J .4-dione ( 4.5 g, 

io 17 .2 mmol) in anhydrous tetrahydrofuran ( 100 ml) was added I.OM boranc in 

tetrahydrofuran (255 ml). The reaction mixture was heated at reflux for 6 h. After cooling 

to room temperature, the excess borane was quenched by the cautious addition of methanol 

(71 ml) and then 2.SN hydrochloric acid (71 ml). The mixture was then refluxed for 5 h. 

The reaction mixture was cooled to room temperature and concentrated to dryness under 

IS reduced pressure. The residue was dissolved in water. the solution basified with 

2.SN sodium hydroxide and the product extracted into dichloromethane. The dark red solid 

(4.5 g) was purified by chromatography using silica gel and 5% methanol saturated with 

ammonia in dichloromethane to yield 8-nitro-2,3,4,6.11.l la-hexahydro-lH-pyrazino[l.2-

bJisoquinoline (2.984 g). MS 234 (M+Hr. 

20 (d) 2.3.4.6.11.11a-Hexabyclro-lH-p,yrazino[1.2-blisoquino}in-8-amine tribydrocbloride 

To 8-niuo-2,3,4,6,11,l l~hexahydro-lH-pyrazino(l.2-bJisoquinoline (2.98 g) in methanol 

(150 ml) and water (10 ml) was added concentrated hydrochloric acid (3.26 ml) and 

5% Pd-C (300 mg). The mixture was treated with hydrogen at 50 psi on a Parr 

Hydrogenator. Hydrogen uptake was complete in 1.0 hour. The catalyst was filtered off 

zs and the solvent removed under reduced pressure to yield the title product as a solid 

(3.69 g). 

{c) N-<2.3.4,(i. 11.1 la-Hexabydro- lH-pyrazino[ l .2-bJisoquinolin-8-yll-2-

thiOJ>henecarboximidaroide 

To a stirred mi:xtme of 2,3.4,6.11,1 la-hexahydro-lH·pyrazino(l,2-blisoquinolin-8-amine 

3o trihydroc:hloride (1.8 g~ 5.76 mmol) and methyl sulfoxidc (20 ml) was added pyridine 
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(0.94 ml) followed by S·methyl-2-thiophenethiocarboximide hydroiodide (2.13 g). The 

mixture was heated at 50 °C. with stirring. for I h. The reaction mixture was then poured 

into water (150 ml) and. after stin'ing for J hour. the mixrure was clarified by filtration. The 

filtrate was basified with 2.5N sodium hydroxide solution but no precipitate fonned. An 

s attempt to extract the product into dichloromethane caused the product to crystallize from 

the mixture. The product was isolated. washed with dichloromethanc and dried~ 

yield 1.28 g. This material was purified by chromatography using silica gel and 

7% methanol saturated with ammonia in dichloromethane to yield N-(2.3.4.6.11.1 la­

hexahydro-lH-pyrazino[ l .2-b]isoquinolin-8-yl)·2-thiophenecarboximidarnide (0.83 g). m.p. 

10 228 °C (dee.). MS 313 (M+H)1". 

Example 3S 

N-C I-Methyl- J .2.3.4-terrahydroisOQuinolin-7-yl}-2-thiophenecarboximicfamide 

dihydrocbloricle 

1 s (a) 1-Methyl-7-nitro-3.4-dibydroisoqmnoline 

l-Methyl-3.4-dihydroisoquinoline (4.25 g. 29.3 rrunol) was dissolved in ice cold 

concentrated sulfuric acid (15 ml) and to this was added potassium nitrate (3.25 g, 

32.2 mmol) portionwise with cooling. The mixture was stirred overnight. poured over ice. 

basified with concentrated ammonium hydroxide. and the precipitated solid was collected. 

20 washed with water and dried: 4.47 g (80%), MS (M+Ht 191. 1H NMR (~0), 8.30 (d. 

IH). 8.22 (dd. lH). 7.39 (d. lH). 3.80-3.62 (m.2H), 2.92-2.70 (m. 2H). 2.48 (broads, 

3H). 

(b) l-Methyl-7-nitrQ-1.2.3.4-tetrabydroiso~inoline hydrochloride 

To a solution of 1-methyl-7-nitro-3,4-dihydroisoquinoline (3.97 g. 20.9 mmol) in methanol 

is (80 ml) was added sodium borohydride (0.87 g, 23.0 mmol) ponionwise. The mixture was 

stirred for 30 min .• acidified with 6N HO. the solvent was evaporated and the solid was 

stirred in isopropanol. collected and washed with ether: 5.33 g (>100%); 

MS (M+Ht 193. 

(c) 1-Methyl-1.2.3,4-tettahydroisoquinolin-7-amine hydrochloride 

30 A suspension of 1-rnethyl-7-nitro-1,2.3.4-teuahydroisoquinoline hydrochloride (2.0 g. 
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8.75 mmol) in ethanol (100 ml) and a catalytic quantity of 10% Pd-C was hydrogenated 

until no more hydrogen was taken up. The catalyst was filtered off, the solvent was 

concenttated to a small volu~ ether was added and the precipitated solid was collected 

and dried: 1.39 g (78%). MS (M+Ht 163. 

s (d) N-C l-Methyl-1.2.3.4-tetrahydrojsoquinolin-7-yl)=2-thlophenecarboxirnidamide 

dihydrochloride 

A solution of 1-methyl-1,2,3,4-tetrahydroisoquinolin-7-amine hydrochloride (0.50 g, 

2.51 mmol) and S-methyl-2-tttiophenecarboximide hydroiodide (0.89 g, 3.14 mmol) in 

N-methyl-2-pyrrolidinone (3 ml) was maintained at 60 °C for 3 h. The reaction mixture was 

10 poured into water, washed with two portions of ethyl acetate and basified with concentrated 

ammonium hydroxide. The product was extracted with two ponions of ethyl acetate, drie.d 

(MgS04) and the solvent was evaporated giving a yellow syrup. This material was dissolved 

in isopropanol. acidified with a 95% ethanol-concentrated HCl mixture. diluted with ethyl 

acetate and left to crystallize in the freezer. The product was collected by filtration and 

1~ dried in vacuo at 50 °C affording the title compound as a white solid (0.36 g. 42% ); MS 

(M+Ht 272; 1H NMR (1¥)) 8.04 (s, lH), 7.65-7.30 (m. SH). 4.73 (broads. H20+lH). 

3.75-3.61 (m. lH), 3.61-3.45 (m. IH), 3.35-3.13 (m. 2H), 1.74 (d. 3H). 

Exarnple36 

20 N-(1.2-Pimethyl-1.2.3.4-tetrabydroisoq,uinolin-7-yll-2-thio.pbenecarboximidamide 

(a) 1.2-Dimethyl~ 7-nitro-1.2.3.4-tetlJlhydroisoqyinoline hydrochloride 

A mixture of 1-methyl-7 nitro-1,2,3,4-tettahydroisoquinoline (2.00 g, 8.75 mmol). 

fonnaldehyde (37% solution in water, 5 ml} and f onnic acid (9 ml) was heated at reflux for 

2 h. The cooled solution was poured over ice, basified with concentrated ammonium 

25 hydroxide and extracted with two ponions of chloroform. The dried (MgS04) solution was 

concentrated, the residue was dissolved in isopropanol. acidified with ethanolic HCl and left 

to crystallize. The product was collected and dried in vacuo affording a white solid 

(1.4 g, 67%); MS (M+Ht 207. 

(b) J .2-Dimethyl-1.2.3.4-tetrabydroisoqpinolin-7-aminc hydrochloride 
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This compound was prepared as described for Example 35(c). From 1.2-dimethyl-7-nitro-

1,2.3.4-tetrahydroisoquinoline hydrochloride (1.30 g. 5.36 mmol} was isolated the title 

compound ( l.01 g, 89%) as a white solid; MS (M+Ht 177. 

( c) N-( l .2-Dimetbyl-1.2.3.4-tetrabydroisoquinolin-7-yll-2 tbiqpbenecarboximictamide 

s This compound was prepared as described for Example 35(d). From l ,2-dimethyl-1,2,3,4-

tetrahydroisoquinolin-7-amine hydrochloride (0.5 g, 2.35 mmol) was isolated, after 

recrystallization from ethyl acetate, the title compound (0.366 g, 55%). m.p. 168-70 °C. 

Example37 

10 N-[1-(3-Metbyl-1.2.4-oxadiazol-5-ylmetbyJl- I .2.3.4-tetrabydroisoquinolin-7-yl)-2-

thiOJ>henecarboximidamide bisma1eat.e 

A 60% dispersion of NaH (0.122 g. 3.04 mmol} was washed with two portions of hexane, 

suspended in 11IF (70 ml), acetamidoxime (0.25 g, 3.34 rrunol) was added and the mixture 

was heated at reflux for I h. To the cooled mixture was added 3A molecular sieves (2 g) 

1s along with N-( 1-methoxycarbonylmethyl-1.2,3.4-tetrahydroisoquinolin-7-yJ)-2-

thiophenecarboximidamide (Example 7. 0.5 g. 1.52 mmol). and the reaction was heated at 

reflux for 3 h. The reaction was cooled. the sieves were removed. water was added and the 

product was extracted with three ponions of chloroform. After drying (MgSQ4 ), the 

solvent was remov~ the residue was re-dissolved in isopropanol and acidified with maleic 

20 acid. The mixture was heated briefly to give a solution which was left to crystallize. The 

precipitated solid was collected by filtration. washed with ether and dried in vacuo affording 

the title compound (0.363 g. 41%) as a white solid, m.p. 151-3 °C. 

Example38 

is N-C 1.2.3.5.10.lOa-HexahydrQllyrrolo[l .2-b]isoq.uinolin~ 7-yn-2-thiQphenecarboximidamide 

(a) l.2.3.5,,10.lOa-Hexahydromvolort.2-bJisoq.uinoline 

A suspension of 2.3-dihydropyrrolo(l,2-b}isoquinolln-S(lH)-one (10.8 g, 58.3 mmol) 

[G. M. Coppola. J. Heterocycl. Chem .• 1981. 18, 767) in phosphorus oxychloride (100 ml) 

was heated at reflux for 1.5 h. Upon cooling, the solvent was removed in vacuo to give an 
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oil. This oil was immediately taken up in cold methanol (275 ml) and sodium borohydride 

( 4.0 g) was added portionwise to this solution while maintaining the reaction mixb.IJ'e at 

0 °C. The solvent was concentrated and the residue was dissolved in water and washed 

twice with ethyl acetate. The aqueous solution was made basic with potassium carbonate 

s solution and extracted with ethyl acetate. The organic phase was dried (magnesium sulfate) 

and concentrated to give an oil. Colwnn chromatography on silica gel gave unreacted 

starting material (3.57 g. 36%) and the title compound (4.2 g, 63% based on recovered 

starting material) as a light oil; MS 174 (M+Ht ; NMR (CDCh) 7 .0-7.2 

(broad m. 4H). 4.13 (d, lR 1=15), 3.40 (d. lH. J=15). 3.27 (dt. lH). 2.9-3.1 CM. lH). 

10 2.71 (t, IH). 1.4-2.4 (m. 6H). 

(b) 7-Nitro-1.2..3.5.10.J Oa-bexabydropyrroloI 1.2-b]jsoquinoline hydrochloride 

To a solution of l,2,3,5,10,lOa-hexahydropyrrolo[l,2-b)isoquinoline (4.12 g, 23.8 mmol) in 

concentrated sulfuric acid (100ml)at~10 °C was added, in portions over 1 h, potassium 

nitrate (2.40 g, 23.7 mmol). After addition was complete. the reaction mixture was stirred 

is for 1 h before it was poured over ice. The aqueous solution was made basic with 

concentrated ammonium hydroxide and the product was extracted into dichloromethane 

(twice). The dried (magnesium sulfate) organic phase was concentrated to give a red oil 

that solidified on standing. This solid was taken up in isopropanol (100 ml) and hydrogen 

chloride in ethanol was added until acidic. The solid was collected. washed with 

20 isopropanol and dried to give the crude product (3.39 g. 56%). This solid was 

recrystallized from ethanol to give the title compound (2.16 g, 36%) as an off-white solid. 

m.p. 231-3 °C (dee.). 

(c} 1.2.3.5.10. lOa-Hexahy<lropyrrolo[ 1.2-blisoguinolin-7-amine hydrochloride 

To a suspension of 7-nitro-1.2.3.S, 10.1 Oa-hexahydropyrrolo[l ,2-b]isoquinoline 

is hydrochloride (2.14 g. 8.40 mmol) in methanol (150 ml) was added 10% Pd/C (0.2 g) and 

the reaction mixture was hydrogenated at 50 psi for 2 h. The solution was filtered and the 

catalyst was washed with water to dissolve some precipitated producL The filtrate was 

concentrated and absolute ethanol was used to help evaporate the excess water. The 

resulting solid was dissolved in hot ethanol (50 ml) and ether was added to precipitate the 

30 product. This solid was collected to give the title compound (l.90 g. 100%) as an 
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amorphous. off-white solid. MS 189 (M+H)+; NMR (DMSO-NaOD) 6.&2 (d, lH), 6.44 (d, 

lH). 6.35 (s, lH). 4.03 (d. lH), 3.19 (broads, lH), 2.84 (d, IH), 2.5-3.0 (m. 3H). 2.11 

(broad s lH). 2.7-2.9 (m. 2H). 1.52 (m. lH}. 

(d} N-(1.23.5.10.lOa-HexabydrQpmololl.2-blisoquinolin-7-yll-2-

s thio,phcoecarboximidarnide 

A solution of 1.2.3.5.10.lOa-hexahydrop)'JTOlo[l ,2-b)isoquinolin-7-amine hydrochloride 

(0.81g,3.6 mmol) and S-methyl-2-thiophenethiocarboximide hydroiodide (1.28 g. 

4.49 mmol) in N-methylpyrrolidinone (4.0 ml) was heated at 4S °C for 5 h. The reaction 

mixture was poured into water and extracted twice with ethyl acetate. The reaction mixture 

10 was then basified with dilute base and extracted thrice with dichloromethane. The 

combined extracts were dried (magnesium sulfate). Evaporation of the solvent gave die 

desired product in N-methylpyrrolidinone. Column chromatography on silica gel using 

2% methanol in chlorofonn saturated with anunonia gas to 5% methanol in chloroform as 

eluent. gave the product (O.n g, 72%). Recrystallization from ethyl acetate-hexanes gave 

is the purified title compound (0.50 g, 40%} as a pale yellow solid. m.p. 171-3 °C. 

ExampJe39 

N-(1-PrQRYJ-1.23.4-tettahydroiSCQuinolin-7-yn-2-thiopbenecarboximidamide 

(a) 7 ·Nitro-1-propyl-1.23.4-tettahydr9isoquinoUne hydrochloride 

20 To a solution of l-propyl-3.4-dihydroisoquinoline (7.4 g. 42 mmol) [E. Splth. F. Berger. 

and W. Kuntara, Chem. Ber., 1930, 638, 134] in concentrated sulfuric acid (100 ml) at 

0 °C was added in a single portion potassium nitrate (4.5 g. 45 mmol). The solution was 

allowed to slowly wann to ambient temperature overnight. The reaction mixture was 

poured onto ice and was basified with concentrated ammonium hydroxide. The resulting 

2S solid that fonncd in the cooled solution could not be rtltered off satisfactorily. Hence, the 

reaction mixture was exttacted twice with dichloromethane and the dried (magnesium 

sulfate) organic phases were concentrated in vacuo to give the intermediate 7-nitro-1-

propyl-3,4-dihydroisoquinoline as an oil (8.78 g. 94%). This solid was taken up in 

methanol {200 ml), cooled to 0 °C. and sodium borohydride (3.0 g) was added in ponions 

30 over 0.5 h. After stirring for an additional O.S h, the reaction mixture was acidified to pH 5 
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using 6M hydrochloric acid. The solvent was concentrated at the rotoevaporator and the 

residue was partitioned between dichloromethane and dilute sodium hydroxide solution. 

The dried (magnesiwn sulfate) organic phase was concentrated to give the crude product as 

the free base. This was taken up in ethanol (200 ml) and hydrochloric acid in ethanol was 

s added until acidic. The resulting solid which formed was collected to afford the title 

compound (5.60 g, 52%) as a pale yellow solid, m.p. 229-30.5 °C (dee.). 

(b) l-Pro11yl- J .2.3.4-retraby<froisoquinolin-7-amine hydrochloride 

To a suspension of 7-niuo-l-propyl-1.2.3.4-tetrahydroisoquinoline hydrochloride (2.51 g. 

9.78 mmol) in ethanol (150 ml) was added 10% Pd-C (0.3 g) and the reaction mixture was 

m hydrogenated at 50 psi for 3 h. The solution was filtered and the filtrate was concentrated 

and abse>lute ethanol was added to help evaporate any excess water. 1bc resulting solid 

was triturated with isopropanol (30 ml) to give the title compound (1.42 g, 64%) as an 

off-white solid. m.p. 192-4 °C. 

(c) N-< J-Propyl-l .2.3.+tetrabydroisoqyinolin-7-yll-2-tbiophenecarboximidamide 

is A solution of 1-propyl-1.2,3.4-tettahydroisoquinolin-7-amine hydrochloride (1.35 g. 

5.95 mmol) and S-methyl-2-thiophenethiocarboximide hydroiodide (2.04 g. 7.15 mmol) in 

N-methylpyrrolidinone (5.0 ml) was heated at 45 °C for 6 h. The reaction mixture was 

poured into water and extracted twice with ethyl acetate. The reaction mixture was then 

basified with dilute potassium carbonate and extracted twice with ethyl acetate. The 

20 combined extracts were washed with water and dried (magnesium sulfate). Evaporation of 

the solvent gave an oil which solidified on standing. Recrystallization from ethyl acetate­

hexanes gave the title compound (0.50 g. 29%) as a pale yellow solid, m.p. 127-8.S °C. 

Example4Q 

25 N-C2-Metbyl-J-PfO.RYl-1.2.3.4-tetrabydroisoquinolin-7-yll-2-thiophcnc;carboximidamide 

(a) 2-Metbyl-7-nitro-1-pronyl-1.2.3.4-tetrahydroisoq_uinoline hydrochloride 

A solution of 7-nitro-1-propyl-1,2,3.4-tetrahydroisoquinoline hydrochloride (2.50 g, 

9.74 mmol) in formic acid (6.0 ml) and aqueous formaldehyde (9.0 ml) was heated at reflux 

for l h. The cooled solution was poured onto ice, made basic with concentrated ammonium 

30 hydroxide. and extracted twice with dicbloromethane. The dried (magnesium sulfate) 
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extracts were concentrated to give an oil which was taken up in elbanol and hydrochloric 

acid in ethanol was added until acidic. Since no precipitate formed on standing, the solvent 

was evaporated in vacuo and the residue was taken up in isopropanol (35 ml) and allowed 

to stand for several hours. The precipitate was collected to give the title compound (1.30 g, 

s 49%) as an off-white solid. m.p. 198.5-200.5 °C. 

(b) 2-Metbyl-1-propyl-1.2.3.+tetrabydroisoqpinolin-7-amine hydrochloride 

To a suspension of 2-methyl-7-nitro-1-propyl-1,2,3,4-tetrahydroisoquinoline hydrochloride 

(l.30 g, 4.80 mmol) in ethanol (100 ml) was added 10% Pd-C (0.2 g) and the reaction 

mixture was hydrogenated at 50 psi for 3 h. The solution was filtered and the filtrate was 

to concentrated in vacuo. The residue was dissolved in isopropanol (30 ml) and allowed to 

stand overnight to give the title compound ( 1.04 g, 90%) as a tan solid, 

m.p. 217-9 °C (dee.). 

(c) N-(2-Metbyl-1-pro.pyl-1.2.3.4-tetrahydroisoguinolin-7-yll-2-thi<mheneca?boximidamide 

A solution of 2-methyl- l-propyl- l ,2.,3,4-tetrahydroisoquinolin-7-amine hydrochloride 

is (1.01 g, 4.19 rmnol) and S-methyl-2-thiophenethiocarboxirnide hydroiodide ( 1.43 g. 

5.03 mmol) in N-methylpyrrolidinone (4.0 ml) was stirred at ambient temperature ovemighL 

The reaction mixture was poured into water and extracted twice with ethyl acetate. The 

reaction mixture was then basified with dilute potassium carbonate solution and extracted 

twice with ethyl acetate. The combined extracts were washed with water and dried 

20 (magnesium sulfate). Column chromatography on silica gel using 2% methanol in 

chloroform saturated with anunonia gas as eluent, gave 1.39 g (10.5%) of the product. 

Trituration of the product several times with cyclohexanc gave the purified title compound 

{1.02 gt 77%) as a pale yellow solid. m.p. 97-8.5 °C. 

25 Example 41 

N-Cl-Etbyl-1.2.3.4-tetrabydroisoquinolin-7-yl)-2-thigpbenecarboximidamide 

(a) N-<2-Pbenylctbyll-pmpionamide 

The title compound was prepared in a reaction between phenethylamine (12.1 g, 

100 mrnol). propionyl chloride (9.25 g. 100 mmol) and triethylamine (20 ml) in methylene 

30 chloride (200 ml). The product (10.1 g) was used without purification; MS [M+H]"'" 178. 
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(b) 1-Ethyl-3.4..dibydroisoqpinoline 

A mixture of N-(2-phcnylethyl)-propionamide (10 g, 56.4 mmol) and phosphorus pentoxide 

(80 g. 563 mmol) in tetralin (500 ml) was heated at reflux for 15 min. cooled, further 

phosphorus pentoxide (80 g} was added and reflux was resumed for 15 min. After standing 

s overnight the tetralin was decanted, the residue was decomposed with ice-water, the 

suspension was filtered through celite and washed with two portions of ether. The aqueous 

solution was basificd with concentrated ammonium hydroxide. extracted with three portions 

of ether, the cxttacts were dried (MgS04) and the solvent was evaporated giving a red solid 

(5.0 g. 55.7%): MS [M+Hr 160. 

io (c) t-Ethyl-7-niqo-1.4-dihydroisoqyinolioe hydrochloride 

This compound was prepared as described for Example 41 (a). From l-ethyl-3.4-

dihydroisoquinolinc (5.0 g, 31.4 nunol) was isolated the title compound (3.31g,51.6%); 

MS [M+Ht 205. 

(d) J-Ethyl-7-nitro-1.2.3.4-tetrabydroisoquinoline hydrochloride 

1s This compound was prepared as described for Example 41(b). From l-ethyl-7-nitto-3.4-

dihydroisoquinoline hydrochloride (3.31 g. 16.2 nunol) was isolated the title compound 

(3.25 g. 82.7%); m.p. 260 °C; MS [M+Ht207. 

( e) l-Ethyl-7-amino-1.2.3.4-tetrahydrQisoQuinoline hydrochloride 

This compound was prepared as described for Example 41(c). From l-ethyl-7-nitro-1,2,3.4-

20 tetrahydroisoquinoline hydrochloride (3.25 g. 13.4 mmoJ) was isolated the title compound 

(2.41g,84.5%); m.p 150 °C (dee.}; MS [M+Ht 177. 

(f) N-< 1-Etbyl-1.2.3.4-tetrabydroisoQuinolin-7-yl)-2-thiophenecarboximidamide 

This compound was prepared as described for Example 41(d) From 1-ethyl-7-amino-

I ~3.4-tetrahydroisoquinoline (500 mg. 2.94 mmol) was isolated the title compound after 

2S crystalli7.ation from cyclohexane (189 mg. 28% ); m.p 142-3.5 °C; MS (M+Ht 286. 

Examplc42 

N:{l.3.4.6.I 1.l la·Hexahydro-2H-benzo[b]qyinolizin-8-yllcarbamidothioic acid. ethyl ester 

bismaleate 

30 (a) 1-CJ .3.4.6.11. l 1 a-Hexahydro-2H-benzofb]quinolizin-8-yl>thiomq 
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To a solution of 1,3,4,6.11, 1 la-hexahydro-2H-benzo[b]quinolizin-8-amine hydrochloride 

(Example 16 (d), 1.32 g, S.53 mmol) in water (50 ml) was added dilute sodiwn hydroxide 

and the resulting solution was exttacted twice with dichloromethane. The dried organic 

phase (magnesium sulfate) was concentrated to give the free base (1.18 g. 99%) as a solid. 

s This solid was taken up in acetone (20 ml) and trifluoroacetic acid (0.63 g, 5.5 mmol) was 

added. This solution was heated to reflux and benzoylisothiocyanate ( t .4 ml) was addQ'.I. 

The reaction mixture was heated at reflux for 2 h and after cooling to ambient temperature 

the solid was collected to give the intermediate (1.97 g. 74%). This solid was ta.ken up in 

methanol (25 ml) and 2.SM sodium hydroxide (10 ml) was added and the solution was 

10 heated at reflux for l h. The methanol was removed in. ,,.acuo and the aqueous solution was 

extracted three times with dichloromethane. 1be dried organic phase (magnesium sulfate) 

was concentrated to give the title compound as a white solid (1.07 g, 74%), 

m.p. 186.5-7.5 °C (dee). 

{b) N-0.3.4.6.l l.l la-Hexahydro-2H-benzolblquinolizin-8-yllcarbamidothioic acid. ethyl 

1s ester bi~aleate 

To a suspension of2,3.4,6.l l.1 la-hexahydro-lH-pyrido{l,2-bJisoquinolin-8-yl}thiourea 

(1.06 g. 4.05 rrunol) in isopropanol (10 ml) was added methanesulfonic acid (0.41 g, 

4.3 nunol) in isopropanol (10 ml). The reaction mixture was heated at reflux for 0.5 h to 

ensure complete salt formation. To this solution was added ethyl metbanesulfonate (1.4 ml) 

20 and heating was continue.cl for 20 h to give a clear solution. The solvent was concentrated 

and the residue was dissolved in water. basified with dilute base and extracted into 

dichloromethane. The dried organic phase (magnesium sulfate) was concentrated. Column 

chromatography of the residue on silica gel, using 2% methanol in chlorofonn saturated 

with ammonia as elucnt. gave the free base (0.96 g, 82%) as an off white solid. This solid 

2S was dissolved in isopropanol (20 ml) and maleic acid (0.85 g. 7.32 mmol) was added. The 

solution was heated to effect dissolution and after cooling overnight the title compound was 

isolated as a light tan solid (l.19 g, 56%). m.p. 145-7 °C (dee). 

Example43 
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N-( t _i.3.5.10. lOa-Hexabydro- lH-pyrmloC l .2-blisoquinolin-7-yl)carbamidothioic acid. 

ethyl ester 

(a) 1-( l .2.3.5.10.10a-Hexahydmgyrrolof2. l -blisoquinolin-7-yll-2-thiourea 

1.2.3.S, 10, I Oa-Hexahydropyrrolo[ 1,2-bJisoquinolin-7-amine hydrochloride 

s (Example 38 (c). 1.04 g. 4.63 nunol) was dissolved in water, basified with dilute sodium 

hydroxide and extracted twice with dichloromethanc. The solution was filtered and the 

solvent was concentrated to give the free base as a solid (0.86 g. 99'1>). This was taken up 

in acetone (25 ml) and ttifluoroacetic acid (0.52 g, 4.6 mmol) in acetone (10 ml) was added. 

The reaction mixture was heated to reflux and benzoyl isolhiocyanate (1.2 ml) was added in 

10 a single portion and heating was continued for 1 h. The solid was collected to give the 

intermediate as a white solid (1.24 g. S7% ). The filtrate showed the presence of mainly 

desired intennediate and the solvent was removed in vacuo. To the residue thus obtained 

was added the intermediate white solid and the mixture was taken up in methanol (30 ml) 

and 2.SM sodium hydroxide (10 ml). The solution was heated at 95 °C for 1 h. Upon 

1s evaporation of the methanol under reduced pressure, the product precipitated. This solid 

was collected and washed with water to give, after drying in air. the title compound as a 

pale yellow solid (0.89 g, 77%), m.p. 192-3 °C (dee). 

(b) N-{ 1.2.3.5.10.1 Oa-Hexahydro- J H-pyrrolo[ l .2-blisoquinolin-7-yl)carbamidothioic acid. 

ethyl esrer 
20 To a suspension of 1-(l.2,3.S.10,10a-hexahydropyrrolo[2,l-b]isoquinolin-7-yl)-2-thiourea 

(0.86 g. 3.S mmol) in isopropanol (8 ml) was added methanesulfonic acid (0.34 g, 

3.6 nunol} in isopropanol (8 ml). The resulting solution was heated at reflux for 0.5 h to 

ensure complete salt formation. To the reaction mixture was added elhyJ methanesulfonate 

(1.3 ml) and healing was continued overnight to give a clear colorless solution. The solvent 

2s was removed In vacuo and the residue was dissolved in water, basified with potassium 

carbonate. and extracted with ethyl acetate. The organic phase was washed with water. 

dried over magnesium sulfate and concentrated in vacuo. The solid was taken up in an equal 

volume of ether and cyclohexane. 'Ibis solution was treated with decolorizing carbon. 

filtered and evaporated in vacuo. Trituration of this solid with a minimum amount of 

JO cyclohexane gave the title compound as an off-white solid (0.60 g. 63% ). 
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m.p. 98-101 °C. 

pxample44 

N-!1.2.3.5.6.10b=Hexabydropyrrolo[2. 1-a]isoguinoJin-9-yllcarbamidotbioic acid. ethyl ester 

s (a) 9·Amino- I .2.3.5.6. 10b-hexahydmpyrroloC2.l-alisoqyinoline 

To 9-nitro- l .2.3.S.6.101>-hexahydropyrrolo[2.1-a]isoquinoline hydrochloride 

(Example 31 (b), 2.0 g) in methanol (100 ml) was added concentrated hydrochloric acid 

(0.67 ml) and S% palladium on carbon (200 mg). The mixtme was hydrogenated at SO psi 

on a Pan Hydrogenator. Hydrogen uptake was complete in 1.0 h. The catalyst was filtered 

10 off and the solvent removed under reduced pressure. The residue was dissolved in water. 

the solution basified with 2.SM sodium hydroxide and the product exttacted into 

dichloromethane. The extracts were dried over anhydrous magnesium sulfate and the 

solvent removed under reduced pressure to yield the title compound as a thick oil (1.55 g). 

(b) I-< I .2.3.5.6.IOb-ffexahydropyrrolo[2.1-alisoqmnolin-9-yU-2-thiourea 

is To 9-amino-1,2.3,5.6,10~hexahydropyrrolo{2,l-a}isoquinoline (1.48 g. 7.85 nunol) in 

acetone (28 ml) was added trifluoroaceti.c acid (0.894 g, 7 .85 mmol) in acetone (28 ml). 

This mixtlll'e was heated to a gentle reflux and benzoylisothiocyanare (1.99 ml) was added. 

The reaction mixture was heated at reflux for 3.5 h and after cooling to ambient 

temperature the solid was collected to give the intermediate (2.14 g). This solid was taken 

20 up in methanol (25 ml) and 2.5M sodium hydroxide (10 ml) was added and the solution was 

heated at reflux for 1.5 h. The reaction mixture was cooled to room temperature and the 

solid collected and washed with water. The methanol was removed from the filtrate and the 

solid collected from the aqueous slurry. The total yield of the title compound. as a white 

solid. was 1.04 g, m.p. 185-7 °C (dee.); MS (M+Ht 248. 

is (c) N=( J .2.3.5.6..JQb.HexabydrQPYJIOlo[2.l-a]isoquinolin-9-yllcarbamidothioic acid. ethyl 

~ 

To a stirred mixture of 1-(1,2,3.5,6,10\>.hexahydropyrrolo[2.1-a)isoquinolin·9-y1)-2-

thiourea (1.0 g, 4.04 mmol) and ethanol (20 ml) was added methanesulfonic acid 

(0.262 ml, 4.04 mmol). The mesylate salt precipitated. After stirring for a few minutes, ethyl 

30 methanesulfonate (1.3 ml) was added. The reaction mixture was refluxed, with stirring. for 
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22 h. Thin layer chromatography indicated that the reaction was only 50% complete. 

Addition of ethyl rnethanesulfonate (0.5 ml) and refluxing for another 22 h drove the 

reaction to completion. The solution was concentrated under reduced pressure. The residue 

was dissolved in water~ the solution basified with sodium carbonate solution and the 

s product isolated by extraction into dichloromethane. The crude product was purified by 

chromatography using silica gel and 5% methanol satmated with ammonia in 

dichloromethane. The chromatographed material was dissolved in hot ethyl acetate, the 

solution clarified, and then concentrated to dryness. This was repeated using cyclohexane. 

The product was then triturated in a small amount of hot ether. the mixture cooled and the 

to product isolated (0.382 g); m.p. 116-7 °C; MS (M+Ht 276. 

Example45 

C+l-N-.2.3.4,,ll.lla-Ictrahydro-1H,5H-pyrrolof2.l-c1Cl.4Jbenzoxazepin-7-

yl>carbamidothioic acid. ethyl ester bjsmaleyte 

is (a) 1-«2-Fluom-S-nitrgphenyl)Jnetbyll-pyrrolidin-2-metbanol hydrochloride 

To 2-fluoro-5-nitrobemaldebyde (20 g. 118 mmol) in absolute ethanol (200 ml) was added 

(R)-(-)-2-pyrrolidincmethanol (21 g, 118 mmol) and 8M borane-pyridinc complex (15 ml. 

118 nunol). The mixture was stirred for 24 h, concenttated. dissolved in acidic water. and 

extracred with dichloromethane (2 x 100 ml). The combined extracts were washed with water. 

20 dried over magnesium sulfate. filtered, and concenttatcd to a oil. The oil was dissolved in 

isopropanol and treated with isopropanol-HO. The salt was collected by filtration (15.2 g. 46% ) • 

. m.p. 147-149°C. 

(b) 7-Nitro-2.3.4.11.l la-tetcahydro-IH.5H-pyrrolof2.l-c]{1.4]benzoxaze.pine 

hydrochloride 

zs To 1-((2-Fluoro-5-nittophenyl)methyl)-pyrrolidin-2-methanol (1.'17 g, 6.77 mmol) in 

DMSO (30 ml) was added 25% NaOH (3.25 g). The mixture was stirred for 1 h. dumped 

into water, and the solids filtered off. The solids were washed with water, dried in vacuo, 

dissolved in isopropanol, treated with isopropanoJ...HCl, and the salt filtered off (1.41 g. 77%), 

m.p. 253-255 °C. 

JO (c) 7-Amino-2.3A.1L1 la-tctrahydro-1 H.SH-lU'fl'olof2. l-clU ,4lbenzoxazepinc 
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7-Nitro-2.3.4.l l,l la-tetrahydro-1H.5H-pyrrolo[2,l-c][l.4]bcnzoxazepine (3.07 g. 

11.0 mmol) was <fissolve.d in nx:thanol (50 ml} and h)'drogenated at 50 psi in the presence of a 

catalytic quantity of 10% Pd-C. After 1 h the mixture was filtered through glass and evaporated 

to a sol.Ki (2. 79 g, 100% ), mp. 64-67 °C. 

s (d) 1-Benzgyl-3-C2J.4.11.11 a-tetrabydro-1 H.SH-pyrrolo[2.l=el£1.4)benzoxazepine-7-yl)­

thiourea 

To 7-anino-2.3,4, l l, ll a-tetrahydro-1 H.5H-pyrrolo[2, l-c][ l .4Jbenzoxazepine (9.0 g. 

44.1 mmol) in acetone (150 ml) was added benzoyl isothiocyanate (14.4 g, 88.2 mmol). The 

mixture was brought to reflux, maintained. for 0.5 h. cooled. and evaporated. The oil was 

10 dissolved in dichloromethane and washed with water. The organic la)'CI' was dried over 

magnesiwn sulfate, filtered, and concentrated to a oil which was used immediately in the next 

reaction. 

(e) (2.3.4.11.l la-Teirahydro-1H.5H-pyrroloC2.l-cl[l.41benzoxazepine-7-yDthiourea 

To the crude material from the prccee.ding reaction. dissolved in methanol (l 00 ml), was added 

is 2N NaOH (40 ml) and the mixture brought to reflux (1 h). The methanol was evaporated off and 

the aqueous phase extracted with ethyl acetate (3 x l 00 ml). The combined extracts were 

washed with water, dried over magnesium sulfate, filtered, concentrated, and chromatographed 

over silica gel eluting with 5% methanol in chloroform to yieJd a gbmy solid (3.31 g. 28%, two 

steps). 

20 (f) (+l-N-.2.3.4.l l.lla-Tettabydro-1H.5H-pyrro1o[2. l-cJ[l.4)benzoxaze.pin-7-

yllcarbamidothioic acid. etbyl ester bismaleate 

To (2,3,4,l l.l la-tetrahydro-1H.5H-pyrrolo[2,l-c)[l,4]benzoxv.epine-7-yl)thiourea (3.31 g, 

12.6 mmol) in ethanol (20 ml) was added methanesuJfonic acid (0.815ml.12.61111tx>l) followed 

by ethyl methanesulfonate (1.74 ~ 16.4 mmol). The mixture was heated wider reflux for 10 h 

zs (an additional equivalent of ethyl methanesulfonate was added during this period), cooled, and 

evaporated. The remaining oil was dwq>ed into water, made basic with 2N NaOH, and 

extracted with ethyl acetate (3 x 100 ml). The combined extracts were washed with water, dried 

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

acetate-hexane. The solid was dissolved in ethanol and treated with 2.1 equivalents of maleic 

30 acid. After trituration with ether solids fonned ( 1.17 g. 18% ), 
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mp. 123-124 °C; {a]o + 29.4 °(c 1.162. methanol). 
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R1 represents S-allcyl Cl to 3 or a five membered heterocyclic aromatic ring containing 1 to 

4 heteroatoms selected from 0, N and S optionally substituted at a carbon atom by one or 

more groups selected from halogen, lrifluoromethyl, alkyl Cl to 6, nitro, or cyano; 

io R2 represents hydrogen. alkyl Cl to 6, -(CH1)ci<)H. -(CH2)<i<)Ar or -(CH1)0Ar. 

R3 represents hydrogen. alkyl Cl to 6. -(CH2)bOH, -(CH2)b0Ar or -(CH1)0 Ar; 

R' represents hydrogen, alkyl Cl to 6. -(CH2)cOH. -(CH2)cOAr or -(CH2)bAr; 

R5 represents hydrogen. alkyl CJ to 6, -(CH2)qOH. -(CH2)qOAr, -(CH2)0 Ar, 

-(CH2)tCOOR8 or-(CH2)1CONR9R10
; 

1s or either R3 and R4 together or R4 and R5 together represent a chain -(CH2)m- or 

-(Cli2)r)"((;flz)p-; 

Ar represents a phenyl ring. a six membered heterocyclic aromatic ring containing one or 

two nitrogen atoms. or a five membered heterocyclic aromatic ring containing l to 4 

hcteroatoms selectt.d from O. N and S, which phenyl ring, six membered heterocyclic 

20 aromatic ring or five membered heterocyclic aromatic ring may be optionally substituted by 

one or more groups selected from alkyl Cl to 6. alkoxy Cl to 6. halogen, nitro, cyano, 

perfluoroalkyl Cl to 6, phenyl or a five membered heterocyclic aromatic ring containing 1 

to 4 heteroatoms selected from 0, N and S; 

Y represents 0, S or NR7
; 
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m represents an integer 3 to 5~ 

r and p independently represent integers I to 3 save that r+p shall be in the range 2 to 4; 

R6
, R'. R8

, Rt and R10 independently represent hydrogen or alkyl Cl to 6; 

or -NR'R.10 together represent piperidinyl, pyrrolidinyl. morpholinyl, 

s tetrahydroisoquinolinyl, piperazinyl. or piperazinyl 4-substituted by group R15
; 

Ru represents alkyl Cl to 6 or a group -(CH2)wQ; 

Q represents phenyl optionally substituted by one or more groups selected from 

alkyl Cl to 6, alkoxy Cl to 6. halogen. nitro, cyano and trifluorometbyl; 

n, w and d independently represent an integer 0 to 6: 

10 b, q and b independently represent an integer I to 6; 

c represents an integer 2 to 6; 

t represents an integer 1 to 5; 

provided that 

(a) when X represents NH. O. CH1 or a bond and at the same time R2
• R3 and R5 each 

1s represent hydrogen, then R4 does not represent hydrogen or alkyl Cl to 6; 

(b} when X represents NR6
• 0 or S, then d represents an integer 1 to 6; 

and optical isomers and racemaies thereof and phannaceutically acceptable salts thereof. 

2. A compound of fonnula (I}, according to Oaim 1. wherein R 1 represents 

zo S-alkyl Cl to 3 or a ring containing one heteroatom selected from o. N and S. 

3. A compound of fonnula (1), according to Claim 2, wherein R1 represents thienyl. 

4. A compound of fonnula 0). according to Claim 3, wherein R 1 represents 2-thienyl. 

5. A compound offonnula (I}, according to Claim 2, wherein R1 represents S-ethyl. 

6. A compound of fonnula (I) which is: 

N-(3-methyl-1,2,3,4-tettahydroisoquinolin-7-yl)-2-thiophenecarboximidamide~ 

30 N-(3-e1hyl-1,2,3,4-1etrahydroisoquinolin-7-yl)-2-thiophenecarboximidamide; 
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N-( 1.3.4.6.7. l lb-hexahydro-2H-benzo[a]quino.lizin-10-yl)-2-thiophenecarboximidamide; 

N-( l ,~3.5,6.1 Ob-hexahydropyrrolo[2, l-a]isoquinolin-9-yl)-2-

thiophcnccarboximidarnidc; 

N-(4-hydroxy-2,3.4.S-tetrahydro-lH-2-benzazepin-8-yl)-2-thiophenecarboximidamidc; 

s N-( 1-(2-hydroxyethyl )-1.2,3,4-tetrahydroisoquinolin-7-yl )-2-

thiophenccarboximid~ 

N-(1-methoxycarbonylmethyJ-1,2,3,4-tetrahydroisoquinolin-7-yl)-2-

thiophenccarboximidarnidc; 

N-( 1.2.3,4-tetrahydroisoquinoline-1-acetic acid-7-yl)-2-thiophenecarboximidamide; 

10 N-(1-aminocarbonylrnethyl-1,2,3,4-tetrahydroisoquinolin-7-yl)-2-

thiophenccarboxirnidamide: 

N-(2,3-dimethyl-1,2,3,4-tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidamide; 

(-)-N-(10-methyl-2,3,5,10,ll,lla-hexahydro-1H-pyrrolo[2,l-c][l.4]benzodia7.apin-7-yl)-2-

thiophenccarboximidamide; 

1s N-(3-propyl-1.2.3,4-tetrahydroisoquinolin-7-yl}-2-thiophenecarboximidamide: 

( + )-N-(3-ethyl-1,2.3,4-tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidarnide; 

(-)-N-(3-ethyl-1,2.3,4-tetrahydroisoquinolin-7:-yl)-2-thiophenecarboximidamide; 

N-(3-ethyl-2-methyl-1,2,3,4-tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidamide; 

N-( 1.3,4,6, I I ,l I a-hexahydro-2H-benzo[b]quinolizin-8-yl)-2-

20 thiophenecarboximidamide; 

N-(S.7,8.9,10.11,l la,12-octahydroazepino[ 1,2-b]isoquinolin-3-yl)-2-

thiophenccarboximidamide; 

N-(2-{2-hydroxyethyl)-1.2,3,4-tetrahydroisoquinolin-7-yl)-2-

thiopbenecarboximidamide; 

25 N-(6,6a,7,8,9,10-hexahydro-12H-pyrido[2.I-c][l.4]benzoxazepin-2-yl)-2-

thiophenecarboximidamide; 

(+)-N-(IH.SH-2.3.l l,l la-tetrahydropyrrolo[2,1-c][l ,4]benzoxazepin-7-yl)-2-

thiophenecarboximidamide; 

(-)·N-(1H.5H-2.3.ll,lla-tetrahydropyrrolo[2.1-cl{l,4]benzoxazepin-7-yl)-2-

30 thiophenccarboximidamide; 
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N-(2-ethyl-2,3.4.5-tetrahydro-1,4-benzoxazapin-7-yl)-2-thiophenecarboximidamide; 

N-(1-methyl-2,3.4,5-tetrahydro-lH-I,4-benzodiazapin-7-yl)- 2-

thiophenecarboximidamide; 

N-(3-benzyl- l-methyJ..2,3.4,5-tetrahydro- l H- l ,4-benzodiazapin-7-yl)-2-

s thiophenecarbox.imidamide; 

N-( 1-(N.N-diethylamino)carbonylmethyl-1,2,3,4-tettahydroisoquinolin-7-yl)-2-

thiophenecarboximidamide; 

N-( 1-pyrrolidinyJcarbonylmethyl-1,2,3,4-tetrahydroisoquinolin-7-yl)-2-

thiophenecarboximidamide; 

m N-(l-morpholinylcarbonylmethyl- l.2,3.4-tetrahydroisoquinolin-7-yl)-2-

thiophcnecarboximidamide; 

N-(l-(((ethyl)amino)carbonyl)methyl-1,2,3.4-tetrahydroisoquinolin-7-yl}-2-

thiophcnccarboximidamidc; 

N-(l-piperidinylcarbonylmethyl-1,2,3,4-tetrahydroisoquinolin-7-yl)-2-

1s thiophenecarboximidamide; 

N-(2-(2-hydroxyethyl)-2,3,4,5-tettahydro-lH-2-benzazepin-8-yl)-2-

thiophenecarboximidamide; 

( +)-N-( l ,2,3,5,6, 10b-hexahydropyrrolo[2, l-a)jsoquinolin-9-yl)-2-

rhiophenecarboximidamide; 

20 (-)-N-(l,2,3.S.6,l0b-hexahydropyrrolo[2.l-a)isoquinolin-9-yl)-2-

thiophenecarboximidamide; 

N-(3,4,5,6,11, l la-hexahydro-lH-[ 1.4]oxazino[4.3-b)isoquinolin-8-yl)-2-

thiophenecarboximidamide; 

N-(2.3A.6.ll.lla-hexahydro-1H-pyrazino{l,2-b]isoquinolin-8-yl)-2-

25 thiophenecarboximidamide; 

N-(1-methyl-1.2.3,4-tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidamide; 

N-(l.2-dimethyl-1,2.3.4-tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidamide; 

N-[l-(3-methyl-l,Z4-oxadiazol-5-ylmethyl)-1.2.3.4-tetrahydroisoquinolin-7-yl]-2-

thiophenecarboximidamide; 

30 N-(l.2,3,5,10,lOa-hexahydropyrrolo[l,2-b)isoquinolin-7-yl)-2-

thiophenecarboximidamide; 
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N-( 1-propyl-1.2.3.4-tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidamidc; 

N-(2-methyl-1-propyl-l.2,3.4-te1rahydroisoquinolin-7-y1)-2-

thiophenccarboximidamide; 

N-(l-ethyl-l ,2,3.4-tetrahydroisoquinolin-7-yl)-2-thiophenecarboximidamide; 

s N-(l.3,4,6,l l ,l la-hexahydro-2H-benz.o[b]quinolizin-8-yI)carbamidothioic acid, ethyl 

esteJ' 

N-(1,2,3,5,10,lOa-hexahydro-lH-pyrrolo( l,2-b]isoquinolin-7-yl)carbamidothioic acid. 

ethyl ester 

N-( l ,2,3,5,6, 10b-hexahydropyrrolo[2, l-alisoquinolin-9-yl)carbamidothioic acid. ethyl 

10 ester 

15 

( + )-N-.2,3.4, l l , l 1 a-tettahydro-1H,5H-pyrrolof2,1-c )( 1.4 ]bcnzoxazepin-7-

yl)carbamidothioic acid, ethyl ester 

or an optical isomer or racemate of any one thereof or a pharmaceutically acceptable 

salt of any one thereof. 

7. A compound of fonnula (I). as defined in any one of Claims I to 6, for use as a 

phannaceutical. 

8. A phannaceutical f<>nnulation comprising a compound of formula (I}. as defined in any 

20 one of Claims 1 to 6, or an optical isomer or racemate thereof or a pharmaceutically 

acceptable salt thereof. optionally in admixture with a pharmaceutically acceptable diluent 

orcanier. 

9. A method of treatment or prophylaxis of human diseases or conditions in which 

2' inhibition of nittic oxide synthase activity is beneficial which comprises administering a 

therapeutically effective amount of a compound of formula (I). as defined in any one of 

Oaims 1 to 6, or an optical isomer or racernate thereof or a pharmaceutically acceptable salt 

thereof. to a patient. 

30 10. A method of treatment according to Cairn 9 in which it is predominantly the neuronal 

isofonn of nitric oxide synthase that is inhibited. 
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11. A method of treatment or prophylaxis of hypoxia or saoke or ischaemia or 

neurodegenerative conditions or pain or migraine or for the prevention and reversal of 

tolerance to opiates and diazepincs or for the treatment of drug addiction which comprises 

s administering a therapeutically effe.ctive amount of a compound of fonnula (l). as defined in 

any one of Claims 1 to 6, or an optical isomer or racemate thereof or a phannaccutically 

acceptable salt thereof, to a patient. 

12. A method of treatment according to Claim 11. wherein the condition to be treated is 

10 selected from the group consisting of hypoxia, ischacmia. stroke. Amyotrophic Lateral 

Sclerosis and pain. 

13. A method of treatment according to Qaim 12. wherein the condition to be treated is 

stroke. 

14. A method of trcaunent according to Claim 12, wherein the condition to be treated is 

Amyotrophic Lateral Sclerosis. 

15. A method of treatment according to Cairn 12. wherein the condition to be treated is 

20 pain. 

16. The use of a compound of formula (I) as defined in any one of Claims I to 6, in the 

manufacture of a medicament for the treatment or prophylaxis of human diseases or 

conditions in which inhibition of nitric oxide synthase activity is beneficial. 

17. The use as claimed in a.aim 16 wherein it is predominantly the neuronal isoform of 

nitric oxide synthase that is inhibited. 

18. The use of a compound of formula (I) as defined in any one of Claims 1 to 6. in the 

30 manufacture of a medicament for the treatment or prophylaxis of hypoxia or stroke or 



1111,lll llllll lllll lllll II llll 
* C L M S * 

W097/17344 PCT/SE96/014l5 

77 

ischaemia or neu.rodegenerative conditions or pain or migraine or for the prevention and 

reversal of tolerance to opiates and diazepines or for the treatment of drug addiction. 

19. The use as claimed in Claim 18. wherein the condition is selected from the group 

s consisting of hypoxia. ischaemia, stroke, Amyotrophic Lateral Sclerosis and pain. 

20. The use as claimed in Claim 19, wherein the condition is stroke. 

21. The use as claimed in Oaim 19, wherein the condition is Amyotrophic Lateral 

io Sclerosis. 

22. The use as claimed in Claim 19. wherein the condition is pain. 

23. A process for the preparation of a compound of formula <n. as defined in any one of 

1s Oaims 1 to 6. and optical isomers and racemates thereof and phannaceutically acceptable 

salts thereof. which comprises: 

20 

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

(Il) 

N 

R5 
' 4 R 

wherein X. R2
• R3

• R'4 and R5 are as defined in Qaim l, 

with a compound of fonnu1a (Ill) 

" Rl L 

(III) 

wherein R 1 is as defined in Claim 1 and L is a leaving group; 

(II) 
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(b} preparing a compound off onnula (I) by reacting a corresponding compound of fonnula 
(IV) 

RS 

N 

'4 R 

(IV) 

wherein X, R2
, R3

• R4 and R5 are as defined in Oaim 1 and HA is an acid, 
s with a compound of formula (V) 

JO 

IS 

Rl =N (V) 

wherein R 1 is as defined in Claim 1; 
(c) preparing a compound. of formula (I) wherein R1 is S-alkyl Cl to 3 by reacting a 
corresponding compound of fonnula (VI) 

s 

HiN4. 
NH1-..-...- (VI) 

wherein X. R2
, R3

• R4 and R5 are as defined in Claim 1. 

with a compound of formula (VD) 

(Vl:I) 

wherein R 1 is alkyl Cl to 3 and L is a leaving group; 
(d) preparing a compound of formula (I) in which R4 represents alkyl Cl to 6, -(CH2)c0H. 

20 -(CH2)cOAr or -(CH2)0 Ar by reacting a corresponding compowtd of formula (I) in which 
R4 represents hydrogen with a compound of formula (Vlll) 

(VIII) 
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wherein R 11 represents alkyl Cl to 6, -(CH2)cOH. -(CH2)cOAr or -(CH1)nAr and Lis a 

leaving group; 

(e) preparing a compound of fonnula (I) in which X represents NR6 and R6 represents alkyl 

Cl to 6 by reacting a corresponding compound of fonnula (I) in which R6 represents 

s hydrogen with a compound of fonnula (IX) 

{IX) 

wherein R 12 represents alkyl Cl to 6 and L is a leaving group; 

(f) preparing a compound of formula (1) in which R3 and R4 or R4 and R5 are joined to 

form a chain -(CH1)r Y(CH2)p-· Y represents NR 7 and R 7 represents alkyl Cl to 6 by 

10 reacting a corresponding compound of fonnula (I) in which R7 represents hydrogen with a 

compound of formula (IX); 

(g) preparing a compound of formula (I) in which Rs represents -(CH2}tCOOR8 and R8 

represents alkyl Cl to 6 by esterifying a corresponding compound of formula (I) in which 

R8 represents hydrogen; 

u (h) preparing a compound of formula (I) in which Rs represents -(CH2)1COOR8 and R8 

represents hydrogen by hydrolysing a corresponding compound of fonnula (I) in which R8 

represents alkyl Cl to 6; 

(i) preparing a compound offonnula (I) in which Rs represents-(CH2)1CONR9R10 and R9 

and/or R10 represents alkyl Cl to 6 by alkylating a corresponding compound of formula (I) 

20 in which R9 and/or R10 represents hydrogen; 

(j) preparing a compound of fonnula (I) in which R5 represents -(CH2)1CONR9R10 in 

which R9 and R10 represent hydrogen or R5 represents -(Clh)1COOR8 and R8 representS 

hydrogen by hydrolysis of the corresponding cyano compound; 

(k) preparing a compound offormula (I) in which R5 represents -(CH2)1CONR9R10 by 

2s reacting the corresponding amine HNR9R10 with the corresponding acid; 
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(l) preparing a compound of fonnula 0) in which R2 represenrs -(CH2)dOAr, R3 represents 
-(CH2)b0Ar. R4 represents -(CH2)cOAr or R5 represents -(CH2)qOAr by reacting the 
conesponding halo or sulphonate compound of formula (I) with an aryl hydroxide; 
(m) preparing a compound of formula 0) in which R4 represents methyl by reacting a s corresponding compound of formula {I) in which R'4 represenrs hydrogen with fonnaldehyde 
and formic acid; or 

(n) preparing a compound of fonnula (1) in which R4 represents -CH2CH20H by reacting a corresponding compound of formula (I) in which R4 represents hydrogen with oxirane; 
and where desired or necessary converting the resultant compound of formula (1). or 

10 another salt thereof. to a pharmaceutically acceptable salt thereof. or yice versa-

IS 

lO 

24. A compound of formula (Il), 

RS 

N 

' 4 R 

wherein X. R2
, R3

, R4 and R5 are as defined in Oaim 1. 

25. A compound of formula (VI). 

s 

H~--< 
NH-.-...-

N 

RS 
\ 4 

R 

wherein X. R2
• R3

, R4 and R5 are as defined in Qaim 1. 

26. A compound of formula (X), 

(II} 

(VI) 
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(X) 


