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Qujnoline and quinazoline compounds useful in therapy 

This invention relates to novel compounds useful in therapy, particularly in the treatment 

of benign prostatic hyperplasia. 

International Patent Application WO 89/05297 discloses a number of substituted 

quinazoline compounds which are indicated as inhibitors of gastric acid secretion. 

According to the present invention, there is provided a compound of formula I, 

at NYL' ~ I It I 

R1 ~ x 

NHi 

wherein 

R1 represents C1-4 alkoxy optionally. substituted by one or more fluorine atoms; 

R2 represents H or C1-6 alkoxy optionally substituted by one or more fluorine atoms; 
15 R3 represents one or more groups independently selected from H, halogen, C1-4 alkoxy and 

CF3; 

in addition, R2 and one R3 group may together represent -OCHr, the methylene group 

being attached to the ortho-position of the pendant phenyl ring; 

R4 represents a 4-, 5- or 6-membered beterocyclic ring containing 1 or 2 heteroatoms 

20 selected from N, 0 and S, the ring being optionally fused to a benzene ring or a 5- or 6-

membered heterocyclic ring containing 1 or 2 heteroatoms selected from N, O and S, the 

ring system as a whole being optionally substituted by one or more groups independently" 

selected from OH, C1-4 alkyl, C1-4 alkoxy, halogen, S02NR8R9 and NHS02(C1-4 alkyl), and 

when S is a member of the ring system, it may be substituted by one or two oxygen atoms; 

25 R8 and R9 independently represent Hor C14 alkyl; 

X represents CH or N; and 

Lis absent, 

or represents a cyclic group of fonnula Ia, 
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(C~) • 

..... ( ~z, / 
(CHJ. A 

la 

in which N is attached to the 2-position of the quinoline or quinazoline ring; 

A is absent or represents CO or S02; 

Z represents CH or N; 

m represents 1 or 2, and in addition, when Z represents CH, it may represent O; 

and 

n represents 1, 2 or 3, provided that the sum of m and n is 2. 3, 4 or 5; 

or represents a chain of fonnula lb, 

r f 
N Z' / 

/'/'A' 
(CHJ, 

lb 

in which N is attached to the 2-position of the quinoline or quinazoline ring; 

A' and Z' have the same significance as A and Z above, respectively; 

R6 and R7 independently represent Hor C1..., alkyl; and 

p represents 1, 2 or 3, and in addition, when Z' represents CH, it may represent 

O; 

15 or a pharmaceutically acceptable salt thereof (referred to together herein as "the 

compounds of the invention''). 

20 

25 

Pharmaceutically acceptable salts include acid addition salts, such as hydrochloride and 

hydrobrom.ide salts, and phosphate salts. 

Alkyl and alkoxy groups that R1
-4 may represent or include can be straight chain, branched 

chain, cyclic, or a combination thereof. 

Heterocyclic groups that R4 represents may be saturated or unsaturated. 

The compounds of the invention may be optically active. In particular, they may exhibit 

atropisomerism about the bond joining the pend.ant phenyl ring to the rest of the molecule 

when an R3 substituent is in the 2- or 3- position of the phenyl ring. The invention includes 

all optical isomers of the compounds of formula I, and all diastereoisomers thereof. 
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Preferred groups of comp01mds that may be mentioned include those in which: 

{a) R1 represents methoxy; · 

{b) R2 represents methoxy; 

5 (c) R2 and an R3 group together represent -OCH2-; 

(d) R3 represents Hor 4-fl:uoro; 

(e) R4 represents a group having the fonnula Il, Ill, IV, V or VI, 
OH 

f v n 6 ... ou Ill 

/N~ I 

))() )J) VJ 
v 

or 

10 wherein 

15 

Y represents 0, CH2, S02, NR5 or CHF; and 

R5 represents Hor C14 alkyl; 

the group of formula 11 being of particular interest, especially when Y represents 0; and 

(f) L represents a group of fonnula VII, 

)­
D vu 

or is absent, this latter preference being of particular interest when R4 represents a group of 

formula V or VI. 

According to the invention, there is also provided a process for the production of a 

20 compound of the invention, which comprises: 

(a) when X represents CH, cyclizing a compound of fonnula X, 
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N~L, • 
"-'=f R 

x 

CNCH, 

in which R 14 and L are as defined above; 

(b) when A or A' is present, and Z or Z' represents N, reacting a compound of formula 

XIIIa or XIIIb, as appropriate, 

'°f•'"NH 
R' I 

rNyN-(CHJ. 

Ri ~ x 

NHi 

XIDa R' 

R2 

R7 

R' 
I ~ 

N N- / :;...- I( <CHJ, 
~ x 

XIIIb 

in which R1
"
3

, R6
, R7

, X, m, n and pare as defined above, with a compound of formula 

XIV, 

A' XIV 
R",.. ... Lg 

in which R4 is as defmed above, A' represents CO or 802 and Lg represents a leaving 

10 group; 

(c) reacting a compound of formula XVIII, 

a'~yL'a• 
:t x 

R 

XVDI 

I Nlli 

in which R1
, R2

, R4
, X and Lare as defined above, with a compound of formUla XIX, 

o~ -
It 

15 in which R3 is as defined above; or 

(d) when X represents N, reacting a compound of fonnula XXII, 
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xxn 

in which R1
"
3 are as defined above, with a compound of formula XXIIIa or XXIIlb, as 

appropriate, 

A (°f•-z/ 'R" 
RN- I 

<CBJ. 

xxma 
XXID.b 

S in which R4
, R6

, R7
, A, A', Z, Z', m, n and pare as defined above; 

(e) when A or A' represents CO, reacting a compound of formula XXVIIIa or 

XXVIIlb, as appropriate, 

R' 

R' f' 
I Z''-/Lg 

N N... / \\ ::;...- tt CCHJ, o 
~ x 

XXVllla XXVWb 

in which R1
-3, R6

, R7
, X, z. Z\ m, n and pare as defmed above, and Lg is a leaving group, 

10 with a compound of formula XXIX, 

HR.4a XXIX 

in which R4
a represents the groups defmed by R4 above which contain a nucleophilic 

15 nitrogen atom in the ring, this nucleophilic nitrogen atom being attached to H; 

(f) conversion of a compound of fonnula I in which L represents a cyclic group of 

fonnula Ia, to a corresponding compound of formula I in which L represents a chain of 

fonnula lb in which R6 and R7 each represent H, by the action of a strong base;. 
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(g) when A or A' is absent and Z or Z' represents N, reacting a compound of fonnula 

XIIIa or Xlllb, as defined above, with a compound of formula XXX, 

xxx 
s 

in which R4 is as defined above and Hal represents a halogen atom attached to the ring; or 

(b) when R2 and one R3 group together represent -OCH2-, cyclization of a compound of 

formula XXXI, 

10 in which R1
, R4, X and Lare as defined above, and R38 has the same meaning as R3 above 

except that R2 and an R31 group do not together represent -OCH2-; 

and where desired or necessary converting the resulting compound of the invention into a 

pharmaceutically acceptable salt or vice versa. 

15 In process (a), the cycli7.ation may be carried out in the presence of a strong base (for 

example lithiwn diisopropylamide) in a solvent which does not adversely affect the 

reaction (for example tetrahydrofuran) around room temperature and quenched with water. 

In process (b ), suitable leaving groups are OH and Cl. When the compound of formula 

20 XIV is a carboxylic aci~ the reaction may be carried out in the presence of conventional 

coupling agents [for example 1-hydroxybenzotriazole monohydrate, 1-(3-

dimethylamin~propyl)-3-ethylcarbodiimide hydrochloride and 4-metbylmorpholine] in a 

solvent which does not adversely affect the reaction (for example CH2Cl2) at or around 

room temperature. When the leaving group is Cl, the reaction may be carried out in a 

25 solvent which does not adversely affect the reaction (for example. CH2Cl2) around 0°C. 

In process (c}, the reaction may be carried out in the presence of a palladium catalyst [for 

example tetrakis(triphenylphosphine)palladium] in a solvent which does not adversely 
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affect the reaction (for example a mixture of toluene, ethanol and lN aqueous sodium 

carbonate) at an elevated temperature (for example the reflux temperature of the solvent). 

In process (d), the reaction may be carried out in a solvent which does not adversely affect 

S the reaction (for example n-butanol) in the presence of a base (for example triethylamine) 

at an elevated temperature (for example l 00°C). 

In process { e ), suitable leaving groups include Cl. The reaction may be carried out in a 

solvent which does not adversely affect the reaction (for example THF) in the presence of a 

10 base (for example triethylamine) at room temperature. 

The reaction may also be carried out without isolating the compound of fonnula XXVIlia 

or XXVIllb, by reacting a compound of fonnula XIIIa or XIIIb with triphosgene and a 

compound of formula XXIX. In this case the leaving group is -Cl. The reaction may be 

15 carried out in a solvent which does not adversely affect the reaction (for example CH2Cl2) 

in the presence of a base (for example triethylamine) at or around room temperature. 

20 

In process (t), suitable strong bases include lithium diisopropylamide. The reaction may be 

carried out in a solvent which does not adversely affect the reaction (for example THF). 

In process (g), the reaction may be carried out in a solvent which does not adversely affect 

the reaction (for example a mixture or n-BuOH and dimethylacetamide) in the presence of 

a base (for example trlethylamine) at an elevated temperature (for example 80°C). 

25 In process (h), suitable reagents are sodium carbonate with palladium acetate. The reaction 

may be carried out in a solvent which does not adversely affect the reaction (for example 

dimethylacetamide) at an elevated temperature (for example 130°C). 

It will be apparent to those skilled in the art that in the processes described above [for 

30 example process (c)], and in the methods given below for preparation of the starting 

materials used in the above processes, when R2 and R3 are present in different molecules, 

they cannot together .represent -OCH2•. 
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Compowids of formula X [see process (a)J may be prepared by reaction of a compound of 

fonnulaXI, 

XI 

5 in which R 1•
3 are as defined above, with a combination of a compound of formula XII, 

OYL'R' 
XII 

~ 

in which R4 and L are as defined above, and phosphorous oxychloride in dichloromethane 

at the reflux temperature of the solvent. 

10 Compounds of fommla Xllla or XIIIb [see process (b)] in which X represents CH may be 

prepared from compounds of formula XVa or XVb, as appropriate, 

15 

R' R1 

I ~ o 
N- / ~ 

(C'Hi), \I 
OBu 

XVb 

in which R1
"
3

, R6
, R7

, m, n and pare as defined above, by bubbling HCl gas through a 

solution of the compound in dichloromethane. 

Compowids of formula XVa or XVb may be prepared from compounds of fonnula XVla 

or XVlb, as appropriate, 
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R' R1 

I k 0 

NYN ... (CHJP "-( 
CH t>'Bu 

3 

CN 
XV lb 

in which R1
A

3
, R6

, R7
, m, n and p are as defined above, by cyclization using potassiwn 

hydroxide or lithium diisopropylamide at an elevated temperature (such as 90°C) in 

DMSO, quenching with water. 

Compounds of formula XVIa or XVIb may be prepared by reacting a compound of 

formula XI, as defined above, with a compound of formula XVIIa or XVIIb, as 

appropriate, 

XVII a 

XVllb 

10 in which R6
, R7

, m, n and p are as defined above, by the method described above for 

producing compounds of fonnula X. 

15 

Compounds of fonnula Xllla or Xlllb in which X represents N may be prepared by 

reacting a compound of formula XXII, 

XXIJ 

in which R 1'
3 are as defined above, with a compound of fonnula XXIIa or XXIIb, as 

appropriate, 
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R' 
(Ct)·' I XXIIa r ~ 
HN - <CBJ. HN - (CHJ, 

XXllb 

in which R6
, R7

, .m, n and p are as defined above, using the conditions mentioned for 

process {d) above. 

5 Compounds of fonnula XVIll [see process (c)] in which X represents CH may be prepared 

by cyclization of a compound of formula XX, 

10 

15 

R
1

¥NYL'R~ 
~ I CH R2 CN , 

xx 

I 

in which R1
, R2

, R4 and Lare as defined above, using the reaction conditions mentioned in 

process (a) above. 

Compounds of formula XX may be prepared by reacting a compound of fonnula XX.I, 

R
1YYNH2 

R2~CN 
I 

XXI 

in which R1 and R2 are as defined above, with a compound of formula XII as defined 

above, using the method described above for the preparation of compounds of formula X. 

Compounds of fonn.ula XVID in which X represents N may be prepared by reacting a 

compound of formula xxvn. 

R
1x;c;7 NYCI 

~ ~ N 
R2 

I NHi 

XXVII 

in which R1 and R2 are as defined above, with a compound of formula XXIIIa or XXIIIb, 

20 as appropriate, as defined above, using the reaction conditions mentioned above for process 

(d). 
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Compounds of formula XXII [see process (d)] may be prepared from a compound of 

formulaXXIV, 

XX.IV 

in which R1
"
3 are as defined above, by reaction with a saturated solution of ammonia in 

5 methanol. 

Compounds of fonnula XXIV may be prepared from a compound of fonnula :XXV, 

R
1

~7NYOH 
a ~ ~ N 

R 

xxv 

J OH 

in which R1 and R2 are as defined above, by reaction with a compound of formula XIX as 

10 defined above using the reaction conditions described above for process (c), followed by 

reaction with POC13 and N,N-dimethylaniline. 

Compomids of formula XXV may be prepared from a compound of fonnula XXVI, 

R

1n;:=""NYc1 
:a ~ ~ N 

R 

XX.VI 

Cl 

t 5 in which R 1 and R2 are as defined above, using conventional techniques. 

Compounds of formula XXVIIla and XXVIIIb [see process (e)] in-which Lg represents Cl 

may be prepared from compounds of formula XIIIa or Xlllb, as appropriate, by reaction 

with triphosgene. The reaction may be carried out in a solvent which does not adversely 

20 affect the reaction (for example CH2Cl2) in the presence of a base {for example 

triethylamine) at around-lO°C. 
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Compounds of formula XXXI [see process (h)] may be prepared from compounds of 

formula XXXll, 

R\,~:~'tN YL'R' 

HO~X 
NHz 

XXXII 

in which R\ R4
, Land X are as defined above, by reaction with a compound of formula 

5 XXXIII, 

Br 

:q_ xxxm 

wherein R3
a is as defined above, in the presence of sodium hydride in DMF at room 

temperature. 

10 Compounds of formula XXXIl are analogous to compounds of formula I, and may be 

prepared using analogous methods. For example, when X represents CH, the compounds 

may be prepared by cyclizing a compound analogous to those of formula X using process 

(a). When X represents N, the compounds may be prepared from a compotmd analogous to 

those of formula XXII and a compound of formula XXIIIa or XXIIlb, as appropriate, using 

15 process ( d). 

20 

Compounds of formulae XI, XII, XIV, XVIl~ XV!lb, XIX, XXI, XXIIa, XXIlb, XXIII, 

XXVI, XXIX, XXX and XXXIII are either known or are available using known 

techniques. 

The intennediate compounds of fonnulae X, Xllla, Xlllb, XVIII, XXII, XXVIIIa, 

XXVIIIb and XXXI form a further aspect of the invention. 

It will be apparent to those skilled in the art that sensitive functional groups may need to be 

25 protected and deprotected during synthesis of a compound of the invention. This may be 
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achieved by conventional techniques, for example as described in 'Protective Groups in 

Organic Synthesis' by T W Greene and PG M Wuts, John Wiley and Sons Inc, 1991. 

The compolUlds of the invention are useful because they possess phannacological activity in 

5 a,nimals. In particular, the compounds are useful in the treatment of a number of conditions 

including hypertension, myocardial infarction, male erectile dysfunction, hyperlipidaemia, 

cardiac arrhytlunia and benign prostatic hyperplasia. The latter condition is of greatest 

interest. Thus, according to another aspect of the invention, there is provided a method of 

treatment of benign prostatic hyperplasia which comprises administering a therapeutically 

10 effective amomt of a compolUld of the invention to a patient suffering from such a disorder. 

The use of the compounds of the invention as phannaceuticals, and the use of the compounds 

of the invention in the manufacture of a medicament for the treatment of benign prostatic 

hypezplasia, are also provided. 

15 The compounds of the invention may be administered by any convenient route, for example 

orally, parenterally (e.g. intravenously, transdermally) or rectally. The daily dose required 

will of course vary with the particular compound used, the particular condition being treated 

and with the severity of that condition. However, in general a total daily dose of from about 

0.01 to IOmglkg of body weight, and preferably about 0.05 to lmglkg, is suitable, 

20 administered from 1 to 4 times a day. 

The compounds of the invention will generally be administered in the fonn of a suitable 

pharmaceutical formulation. Thus,· according to another aspect of the invention, there is. 

provided a pharmaceutical formulation including preferably less than 50% by weight of a 

25 compound of the invention in admixture with a pharmaceutically acceptable adjuvant, diluent 

or carrier. The pharmaceutical formulation -is preferably in unit dose form. Such forms 

include solid dosage forms, for example tablets, pills, capsules, powders, granules, and 

suppositories for oral, parenteral or rectal administration; and liquid dosage fonns, for 

example sterile parenteral solutions or suspensions, suitably flavoured syrup~ flavoured 

30 emulsions with edible oils such as cottonseed oil, sesame oil, coconut oil and peanut oil~ and 

elixirs and similar phannaceutical ve~cles. 
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Solid formulations may be prepared by mixing the active ingredient with phannaceutical 

carriers, for example conventional tabletting ingredients such as com starch, lactose, sucrose, 

sorbitol, talc, st.earic acid, magnesiwn stearate, dicalcium phosphate, gums and other diluents, 

for example water, to form a homogeneous preformulation fonnulation in which the active 

S ingredient is unifonnly dispersed so that it may be readily subdivided into equally effective 

unit dosage forms containing typically from 0.1 to about SOOmg of the active ingredient. The 

solid dosage fonns may be coated or otherwise compounded to prolong the action of the 

formulation. 

10 The formulations of the invention may also contain a human S·a. reductase inhibitory 

compound [see International Patent Application WO 95128397], or a compoWld of the 

invention could be presented in a pharmaceutical pack also containing a human S-a. 

reductase inhibitory compound as a combined preparation for simultaneous, separate or 

sequential use. 

15 

The compounds of the invention may be tested in the screens set out below. 

Contractile responses of human prostate 

20 Prostatic tissue was cut into longitudinal strips (approximately 3x2x10 mm) and 

suspended in organ baths under a resting tension of 1 g in Krebs Ringer bicarbonate 

of the following composition (mM): NaCl (119), KCl (4.7), CaC12 (2.5), KH2P04 

(1.2), MgS04 (1.2), NaHC03 (25), glucose (11), and gassed with 95% 0 2/5% C02• 

The solution also contained 10 mM cocaine and 10 mM corticosterone. Tissues were 

25 exposed to a sensitising dose of (-)-noradrenaline (100 mM) and washed over a 45 

minute period. Isometric contractions were obtained in response to cumulative 

additions of(· )-noradrenaline to obtain control curves in all tissues. A further curve 

was then generated in the presence or absence of antagonist (incubated for 2 hours). 

Antagonist affinity estimates (pA2) were detennined using a single concentration of 

30 competing antagonist, pA2 =·log [A]/(DR·l) where the dose ratio (DR), relative to 

corresponding controls, was produced by a single concentration of antagonist [A], 

assuming competitive antagonism and Schild regression close to unity. 
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Anaesthetised dog model of prostatic pressure and blood pressure 

Mature male beagles (12-15 kg body weight) were anaesthetised with sodium 

5 pentobarbitone (30-50 mg/kg i.v.) and a tracheal cannula was inserted. Subsequent 

anaesthesia was maintained using pentobarbitone infusion. The animals were 

respirated with air using a Bird Mk8 respirator (Bird Corp., Pahn Springs, CA, 

U.S.A.) adjusted to maintain blood gasses in the range p02 90-110 mm Hg, pC02 35-

45 mm Hg, pH 7.35-7.45. Body temperature was maintained at 36-37.5°C using a 

10 heated operating table. Catheters were placed into the left femoral artery for 

recording blood pressure and intO the left femoral vein for compound administration. 

Heart rate was recorded via the lead n E.C.G. A laparotomy was performed to 

cannulate both ureters to prevent change of fluid volume within the bladder. A 7F 

cardiac catheter (with a 1.5 ml capacity balloon tip) was inserted into the bladder via 

15 the urethra. The balloon was filled with air and the catheter withdrawn until the 

balloon became lodged in the prostate, which was confinned by digital pressure. 

Balloon pressure was recorded via a Druck transducer. Prostatic pressure and 

haemodynamic parameters were made on a Grass Polygraph (Grass Instruments, 

Quincy, Mass, U.S.A.) and the data measured on line using a Motorola 68000-based 

20 microcomputer system (Motorola Inc., Temple, AZ, U.S.A.). Compounds were 

made up in PEG 300 and administered i.v. through a catheter in the femoral vein. 

Responses to phenylephrine (1-16 µglkg i.v. in saline) were obtained to generate 

control dose-response curves (two controJ curves for each experiment). Compounds 

were administered (in tenns of compound base) at 10-300 µg/kg i.v. S min before 

25 construction of phenylephrine curves (constructed up to a maximum dose of 128 

µg/kg in the presence of test compound). 

Due to a.1-related dysrhythymic properties of phenylephrine, absolute maximal 

responses were not obtained but were taken as 10 % greater than the control response 

30 obtained with 16 µg/kg phenylephrine. Drug concentrations were calculated on the 

basis of molar weight of compound/kg body weight thus allowing a "pseudo pA2" 
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calculation by Schild analysis using dose ratios derived from shifts in the 

phenylephrine dose-response curves. 

The compounds of the invention may have the advantage that they are more potent, have a 

5 longer duration of action, have a broader range of activity, are more stable, have fewer side 

effects or are more selective (in particular they may have beneficial effects in benign prostatic 

hyperplasia without causing undesirable cardiovascular effects, for example because they are 

able to selectively antagonise prostatic subreceptors of the a 1-adrenoceptor), or have other 

more useful properties than the compowids of the prior art. 

10 

The invention is iilustrated by the following examples, in which the following 

abbreviations are used: 

DMA = dimethylacetamide 

DMF = dimethylformamide 

15 DMPU = 1~-dimethyl-3,4,5,6-tetrahydro·2(1H)-pyrimidone 

EtOAc == ethyl acetate 

EtOH = ethanol 

h=hour 

MeOH =methanol 

20 min== minute 

n-BuOH = n-butanol 

THF = tetrahydrofuran 

tlc = thin layer chromatography 

25 Intermediate 1 

l-(.t-Butylox;ycarbon.vl)-1.4-diazepane 

To a solution of homopiperazine (1 OOg, 1.0 mol) and triethylamine (21 Oml, 152g, 1.5mol) 

in CH2Cl2 (SOOml) at 0°C was added a solution of di-(t-butyl) dicarbonate (195g, 0.89mol) 

in CH2Cl2 (300ml). The mixture was allowed to warm to room temperature and stirred for 

30 l 8h after which time the CH2Ch was evaporated under reduced pressure. The resulting 

residue was partitioned between ether and 2N citric acid and the aqueous layer was 

extracted with ether (4x.200ml). The aqueous layer was basified with 2N aqueous NaOH 
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and then extracted with CH2CJ2 (4x400ml). The combined CH2CI2 extracts were washed 

with H20 (2x), saturated brine (lx) and dried over MgS04. Evaporation under reduced 

pressure followed by azeotroping with CH2Cl2 (4x) gave the title compound as a yellow 

waxy solid (94.Jg, 53%). Rr 0.25 (CH2Cl:z}Me0H/0.88NH3 90/10/1, v/v). MS m/z 201 

5 (Mlt'). Found: C,58.86; H,10.03; N,13.58; CsoH2oN202 0.05.CH2Cl2 requires C, 59.02; H, 

9.91; N,13.70%. 

10 

lnteanediate 2 

l ·(t-Butyloxycarbony0-4-(4-moxpholinccarhruiyD-1 A-djmpane 

A solution of Intermediate 1 (92.0g, 0.46mol) and triethylamine (96.0ml, 69.7g, 0.69mol) 

in CH2Cl2 (500.ml) at 0°C was treated dropwise with a solution of 4-morpholinecarbonyl 

chloride (64.0ml, 82.0g, O.SSmol) in CH2Cl2 (lOOml) and the reaction was stirred at room 

temperature under N2 for I Sh. The reaction mixture was then diluted with CH2Cl2 ( 400ml) 

15 and washed with 2N citric acid (3x400ml), saturated brine (lxSOOml), dried over MgS04 

and evaporated to give the title compound as an off-white solid (141.7g, 98%). Rr 0.80 

(CH2ClfMeOH/0.88NH3 90110/1, v/v). MS miz 314 (MH+). Found: C,57.SO; H,8.69; 

N,13.41; C15H27N30 4 requires C, 57.50; H, 8.69; N,13.41%. 

20 Inteanediate 3 

l -(4-MotPbolinecarbQDYJ)-1.4-diazepane hydrochloride 

A solution of Intermediate 2 (140.0g, 0.44mol) in CH2Cli/Me0H (III, v/v, 600ml) at 0°C 

was saturated with HCI gas and the reaction mixture was stirred at room temperature under 

25 N2 for l 8h after which time the reaction mixture was evaporated under reduced pressure 

and slurried in EtOAc to give, after filtration, a white hygroscopic soJid. This was further 

purified by slurrying in acetone, filtering. washing with ether and drying in vacuo at 60°C 

to give the title compound as a colourless solid (99.0g, 90%). Rr 0.41 

(CH2Cl2/MeOH/0.88NH3 84/14/2, v/v). MS m/z 214 (MH\ Found: C,47.50; H,8.10; 

30 N,16.55; CtoH19N30 2 HCI 0.2.H20 requires C, 47.41; H, 8.12; N,16.~9%. 

Intermediate 4 
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l-Acetyt:4-(4-mm:pholinecarbonyl)-1.4;tiaz;pane 

To a solution of Intermediate 3 (SOg, 0.2mol) and triethylamine (42ml, 30.Sg, 0.3mol) in 

CH2Cl2 ( 400ml) at 5°C was added acetic anhydride (23ml, 24.9g, 0.24mol) dropwise over 

5 lSmin and the reaction was then stitTed for a further 2h at room temperature under N2• 

Dilution with CH2Cl2 (600ml) was followed by washing with saturated aqueous sodium 

bicarbonate (2x200ml) and the combined aqueous layers extracted with CH2Cl2 (lxlOOml}. 

The CH2Cl2 layers were combined and washed with saturated brine, dried over MgS04 and 

evaporated to give a light brown oil. This was dissolved in CH2Cl2 (300ml) and treated 

10 with triethylamine (8ml, 5.Sg, 0.06mol) and EtOH (Sml), stirred for lh at room 

temperature then washed with saturated sodium bicarbonate and the aqueous layer 

extracted with CH2Cl2 (Sx). The combined CH2Cl2 layers were dried over MgS04 and 

evaporated under reduced pressure to give a yellow oil which was then azeotroped with 

CH2Cl2 (4x) to give the title compound as a yellow oil (47.lg, 92%). Rr 0.45 

15 (CH2Cl~e0H/0.88NH3 90/10/lt v/v). MS mlz 256 (MW). Found: C,52.62; H,8.18; 

N,1 S.02; C12H21N30 3 0.3.CH2Cl2 requires C, 52.61; H, 7 .75; N,14.96%. 

Example 1 

4-Amjno-5-(.2-chlompbenyl)-7-methoxy-2-[4-(4-moxphoJinecarbonyJ)-1,4-diazt;?an-1-

20 yl]quinoline 

(a) 5=(2-Chlomphenyl)-4-cyano-3-nitroanisole 

S-Bromo-4-cyano-3-nitroanisole [prepared by the method of Harrison et al, J.Chem.Soc.C. 

1769 (1966)] (250mg, 0.86mmol) and 2-chlorophenylboronic acid (lSOmg, 0.96mmol) 

25 were dissolved in a mixture of toluene (lOml), EtOH (5.6ml). and lN aqueous sodium 

carbonate (1. 7ml). The solution was placed mder a nitrogen atmosphere and 

te1rakis(triphenylphosphine)palladium (30mg, 0.03mmol) added. After refluxing for 3h, 

the solvent was removed from the reaction mixture under reduced pressure. The residue 

was partitioned between H20 (SOml) and EtOAc (50ml) and the EtOAc layer washed with 

30 H20 (2xSOml), and dried over MgS04• Following removal of the solvent, the crude 

material was purified on silica gel, eluting with hexane/ether (1/1, v/v). This gave the 
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subtitle compound as a colourless gum (252mg, 1000/0). Rr 0.38 (hexane/ether 1:1, v/v). 

MS mlz 306 and 308 (MNH/). 

(b) 3-Ainjno-5-(2-chlompbeeyl)=4-cyanoanisole 

5 The product of step (a) (300mg, l .OmmoJ) was dissolved in DMF (3ml) and a solution of 

sodium dithionite hydrate added (500m& 2.9mmol in 6ml of H20). The solution became 

warm and some solid precipitated out of solution. After stirring for 30 min at room 

temperature, 15ml of H20 and 2N HCI were added. This mixture was extracted with 

EtOAc (2x30ml), neutralised using 2N NaOH and re-extracted with EtOAc (2x30ml). The 

10 combined EtOAc extracts were dried over MgS04 and the solvent removed to give the 

crude product. This was purified on silica gel, eluting with CH2Cl2/MeOH (98/2, v/v) to 

give the subtitle compound as colourless gum (190mg, 74%). Rr 0.29 (hexane/ether 111, 

v/v). MS m/e 276 and 278 (MNH,/). 

IS ( c) 6-(2-Chlompbenyl)+methaxy-2-{ 1-[+C 4-morpbolinecarbonyl)-1 A-diazcpan-1-

yl]eth,ylideneamino}benzonitrile 

The product of step (b) (190mg, 0.74mmol) was dissolved in CH2Cl2 (Sml) and 

phosphorous oxychloride (0.082ml, 0.86mmol) added in one portion to the stirred solution, 

at room temperature. After 20 min, a solution of Intermediate 4 (380mg, l.5mmol) in 

20 CH2Cl2 (5ml) was added to the reaction mixture, and the mixture heated to reflux for 14h. 

25 

After cooling to room temperature, a further 30ml of CH2Cl1 was added, and this solution 

washed with 2N aqueous NaOH (2x20m1), dried over MgS04, and the solvent removed to 

give the subtitle compound as a colourless gum (155mg, 43%). Rr 0.26 (CH2C12/MeOH 

95/5, v/v). MS m/z 496 (MR). 

(d) 4-A.mino-5-Q.-chlomphenyl)-7-tn¢thoxy-2-[4:(4-mox:pbolinecarbonyl)-1,4-

diazcpan-1-;xl]Q.Uino1jne 

The product of step (c) (155mg, 0.3lmmol) was dissolved in dry THF (5ml), under a dry 

nitrogen atmosphere, and the solution cooled to -78°C. A I .SM solution of lithium 

30 diisopropylamide in THF (0.2Sml, 0.38mmol) was added to the reaction which was 

allowed to warm to room temperature. Analysis by tlc indicated that starting material 

remained, hence the solution was re-cooled to -78°C and a further 0.25ml of the lithium 



W097/23462 PCT/EP96l05609 

20 

diisopropylamide solution added. After wanning to room temperature, the mixture was 

again analysed by tic and then quenched with H20 (0.5_ml). EtOAc was added (30ml) and 

the solution washed with H20 (2x20ml}, dried over MgS04, and the solvent removed under 

reduced pressure. The crude material was purified on silica gel, eluting with 

S CH2Cl:zfMeOH/0.88NH3 (92/7/l, v/v) to give the title compound as a white foam (50mg, 

31%). Rc0.25 (CH2Cli/Me0H 9/1, v/v). MS m/z496 (M+). 1HNMR (CDCI3) 8: 2.05 (2H, 

m), 3.14 (2H, m), 3.45 (2H, t), 3.60 {6H, m), 3.70 (2H, t), 3.82 (2H bs), 3.86 .. J.99 (SH, m), 

5.75 (lH, s), 6.47 (lH, s), 7.0 (IH, s), 7.28-7.45 (3H, m), 7.45 .. 7.51 (lH. m). Found C, 

60.75; H, 6.02; N, 13.13; C26H30CIN503.0.25CH2Cl2 requires C,60.96; H, 5.94; N, 13.54%. 

10 

Example2 

4-Amjno-7-metltosy-2-[4-(4-mcu:pholioecarbonyU-1.4-diuepan· l-yl]-5-pbenylquinoline 

(a) 4-C,yano-3-nitr0=S .. pbenylanisole 

IS The subtitle compound was prepared by the method of Example l(a), but using 

phenylboronic acid The crude material was triturated with 20ml of ether, and 

recrystallised from EtOAc to give a white crystalline solid (83%). m.p. 175-I 76°C. Rf 0.44 

(hexane/ether 1 :1, vlv). MS m/z 169 (no~ observed). 

20 (b) 3-Amino-4-cyano-S-phenylanisole 

Reduction of the product of step (a) using the procedure of Example l (b) gave the subtitle 

compound (41%) yellow gwn. R, 0.30 {hexane/ether 1:1, v/v). MS mlz 242 (no ~ 

observed). 

25 (c) 4-Methoxy-2-{ l-[4-(motpholine-4-carbonyl)-1.4-djv.epan-1-yl]cthylideneamino}-

30 

6-phenylbenzonitrile 

The subtitle compound was obtained as a white foam from the product of step (b) in 87% 

yield using the procedure described in Example l(c). Rr 0.66 (CH2Cl2/MeOH 9/1, v/v). 

MS m/z462 (MH). 
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(d) 4-Amino-7-meth<>X.,V-2-[4-(4-moxphoJinecarbonyl)-t ,4-diazepan-1-ylJ-5-

pbenylqyinoline 

The title compound (87%) was obtained as an off-white powder from the product of step 

(c) using the procedure described in Example l(d). Rr 0.16 (CH2Cl2/Me0H 9/1, v/v). MS 

s m/z 462 (MW). 1H NMR (CDCl3) a: 2.05 (2H, m), 3.16 (4H, m), 3.48 (2H, t), 3.56-3.68 

(6H, m), 3.71 (2H, t), 3.87-3.99 (7H, m), 5.73 (IH, s), 6.54 (lH, s), 7.01 (lH, bs), 7.41 

(SH, s). Found C, 66.89; H, 6.78; N, 14.42; C2~31Ns03 O.l.CH2Cl2 requires C, 66.69; H, 

6.69; N, 14.90% 

10 Example 3 

4-Amino-6,7-dimetboxy-2-[4-(4-morpholinecarbonyl)-1A·diaz.epan-1 -yl]-5-

phenylqyinoline 

(a) 2-(3.4-Dimet1Jouphenyl)-4.+dimetb,yl-A2-oxazoline 

15 The subtitle compound was prepared from 3,4-dimethoxybenzoic acid according to the 

method of Meyers et al., J.Org.Chem., l2, 2787, (1974). 

(b) 2-(3.4-DimethoXY-2-iodQphenyl)-4.4-dimethyl-A1-oxazoline 

nButyllithium (2.SM in hexane, 8.9ml, 22.3mmol) was added dropwise to a solution of the 

20 product of step (a) (4.2g, 17.Smmol) in dry ether (200ml) at 0°C and the reaction was 

stirred under N2 for 2h. This was followed by the dropwise addition of iodine (5.4"6g, 

21.Smmol) in ether (lOOml) and the reaction was allowed to warm to room temperature 

over lh. The reaction mixture was poured onto H20. the ether layer was separated. washed 

with saturated aqueous sodium thiosulphate solution (lx) followed by saturated brine (lx) 

25 then dried over MgS04 and evaporated under reduced pressure to give the subtitle 

compound as a yellow oil (5.2g, 80%). Rr0.60 (CH2C12/MeOH/0.88NH3 90/10/1, v/v); MS 

mlz 362 {MW). 

{c) 3.4-Dimetbaxy-2-iodobepzonitrile 

30 To a solution of the product of step (b) (S.2g, 14.4mmol) in pyridine (30ml) was added 

POCI3 (2. 7ml, 4.4g, 28.8mmol) and the reaction was heated to 85°C for l 8h. The reaction 

mixture was cooled, partitioned between saturated aqueous sodium carbonate solution 
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(300ml) and then extracted with ether (2xl OOml). The ether layer was washed with 2N HCI 

(2x75ml) followed by H20 ( lx) and then dried over MgS04 and evaporated under reduced 

pressure to afford a yeUow oil. This was purified by slurrying with hexane and filtering to 

give the subtitle compound as an off-white solid (2.82g, 68%). Rr 0.80 (CH2Cl2/MeOH 

5 9515, v/v). MS m/z 307 (MH). Found: C,38.03; H,2.88; N,4.64; C9HsN02I 0.05.hexane 

requires C,38.05; H,2.97; N,4.77%. 

( d) 3,4-Dimetboxy-2-iodo-6-nitrobenzonitrile 

Nitronium tetrafluoroborate {l.73g, 13.0mmol) was added portionwise to a solution of the 

10 product of step (c) (2.67g, 9.2mmol) in acetonitrile (40ml) at 0°C. The reaction was stirred 

for O.Sh under N2 and then poured into saturated aqueous sodium bicarbonate solution and 

extracted with EtOAc ~lx). The organic layer was washed with saturated brine (Ix), dried 

over MgS04 and evaporated. under reduced pressure to give a residue which was slunied in 

hexane and filtered to give the subtitle compound as an off-white solid (2.Slg, 82%). Rr 
IS 0.46(EtOAc/hexane1/1, v/v). MS m/z 352 (MNH./). 

( e) 3,4-Djmethozy-6-niU'Q-2-pbenylbeozonitrile 

The subtitle compound was prepared from the product of step ( d) by the method of 

Example l(a) using phenylboronic acid. The subtitle compound (81%) was obtained as a 

20 light yellow solid. Rr 0.46 {EtOAc/hexane 1/1, v/v). MS mlz 302 (MNH/). Found: 

C,63.23; H,4.23; N,9.86; C15H12N204 requires C,63.38; H,4.23; N,9.86%. 

(f) 6-Amino-3,4-dimetltou-2-phenylbenzanitrile 
The subtitle compound was prepared from the product of step ( e} by the method of 

25 Example l(b). The crude product was purified on silica gel, eluting with EtOAc/hexane 

(111, v/v) to give the subtitle compound (600A>) as a light yellow solid. Re 0.40 

(EtOAc/hexane 1/1, v/v). MS mlz 272 (MNH/). Fo1.llld: C,70.30; H,S.50; N,10.80; 

C1sH14N20 2 0.1.H20 requires C,70.37; H,5.55; N,10.95%. 

30 (g) j.4 .. Djmethoxy-6-{ J-[+(mm:pholine-4-carbonyl)-1,4-diampan-1-

yl]etbylidenegmino}-2-pbenylbenzonitrile 



WO 97t:Z3462 PCTIEP96/05609 

23 

The subtitle compound was prepared from the product of step (f) and Intermediate 4 by the 

method of Example l(c). The crude product was purified on silica gel, eluting with 

CH2CliJMeOH (95/S, v/v) to give the subtitle compound (87%) as a colourless foam. MS 

m/z 492 (Mlf). Found: C,64.75; H,6.74; N,13.67; C21H33N504 0.15.CH2Cl2 requires 

S C,60.64; H,6.61; N,13.89%. 

(h) ~-Amjn0:6.7-djmethoxy-2-[4-(4-morphoJinecarbonyl)- l .4=dia.,an-1-y].]-5-

phenylq.uinpline 

The title compound was prepared from the product of step (g) using the method of 

10 Example 1 ( d). The crude product was purified on silica gel, eluting with 

CH2Cl21MeOH/0.88NH3 (90/10/1, v/v) to give the subtitle compound (46%) as a 

colourless foam. Rr 0.30 (CH2Cl2'Me0H/0.88NH3 90/10/1, v/v). MS m/z 492 (MH}. 1H 

NMR. (CDC13) 8: 2.05 (2H, m), 3.16 (4H, m), 3.35 (2H, m}, 3.48 (3H, s), 3.63 (6H, m), 

3.74 (2H, m), 3.87 (2H, bs), 3.97 (2H, m), 4.00 (3H, s), 5.68 (lH, s), 7.13 (lH, bs), 7.39 

15 (2H, m), 7.45 (3H, m). Found: C,63.02; H,6.62; N,13.35; C27H33N50 4 0.35.CH2Cl2 

requires C,63.02; H,6.47; N,13.44%. 

Examp1e4 

+Amino-6J-dimethmcy-5-(4-tbu>mpheny1)=2-[4-(4-morpholin~arbonyl)-l ,4-diazepan-1-

20 y(Jqyinoline 

(a) 3A-Pimetbox;y-2-(4-tluompbenyl)-6-njtrobenzoni1rile 

The subtitle compound was prepared by the method of Example l(a) from the compound 

of Example 3(d) and 4-tluorophenylboronic acid. The subtitle compound (83%) was 

25 obtained as a light yellow solid. Rr 0.17 (toluene). MS mlz 303 {MW). Fowid: C,59.19; 

H,3:63; N,8.84; C15H12N20 4 0.1S.H20 requires C,59.04; H,3.71; N,9.18%. 

(b) 6-Amino-3.+dimetboxY-2-(4-fluorophenyUbenzonitrile 

The subtitle compound was prepared by the method of Example l(b) from the product of 

30 step (a). The subtitle compound (85%) was obtained as a white solid. Rr 0.73 

(CH2Cl2/MeO:W0.88NH3 9011011, v/v). MS m/z 273 (MH\ Found: C,66.09; H,4.79; 

N,10.28; C15H13N20~ requires C,66.16; H,4.81; N,10.28%. 
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( c) 3.+DUnetboxY-2-(4-fluomphenyl)-6-{ 1-[4-(mw:pho1ine-4-carbonyD-1.+diazepan-

1-yijethylideneamino}benzonjtrile 

The subtitle compound was prepared by the method of Example l(c) from the product of 

S step (b) and Intermediate 4. The subtitle compound (83%) was obtained as a colourless 

solid. mp 174-176°C. Rr 0.12 (EtOAc). MS m/z 510 (MH). Found: C,63.61; H,6.35; 

N,13.68; C,,1H32N504F requiresC,63.67; H,6.33; N,13.74%. 

( d) 4-A,mjn0=6,7-dimethoxx-S-£+fluoropheqyl)-2-[4=(4-moq>bolinecarbonyl)-t .4-

10 divcpan-1-yllquinpline 

The title compound was prepared by the method of Example l(d) from the product of step 

(c). The crude product was purified on silica gel, elUting with CH2Cl:z1MeOH/0.88NH3 

(951510.5, v/v) and then triturated with EtOAc and filtered to give the subtitle compound 

(41%) as a colourless solid. mp 189-192°C. Rr 0.15 (CH2Cl2/Me0HJ0.88NH3 951510.S, 

15 v/v). MS m/z 510 {Mlt). 1H NMR (CDC13) a: 2.05 (2H, m), 3.13 (4H, m), 3.32 (2H, m), 

3.48 (3H, s), 3.63 (6H, m), 3.74 (2H, m), 3.77-4.23 (4H, bm), 4.00 (3H. s), 5.71 (lH, s), 

7.15 (2H, m), 7.23 (1H, bs), 7.32 (2H, m). Found: C,63.07; H,6.41; N,13.17; C27H~2N504F 

0.25.H20 O.lSEtOAc requires C,62.82; H,6.39; N,13.28%. 

20 Examples 

(R!Sl+Alninp-2-[4-(l .4-benzodioxan-2-carbon.vl)-1.4-piperazin-l-ylJ-6.7-dimethoxy-5-

phenylguinoline 

(a) 1-Acetyl-4-(t-butyloxycarboxl)'l)piperazjne 

25 The subtitle compound was prepared by the methods of Intenned.iates 1 and 2 but using 

piperazine in place of homopiperazine and acetyl chloride in place of 4-

morpholinecarbonyl chloride. 

(b) 6={ 1-[4-(t-Butyloxycarbonyl)-1.4-piperazjn-1-yl]ethylideneaminol-3.4-djmethoxy-

30 2-phenylh:mmni1rile 

The subtitle compound was prepared by the method of Example l(c) from the compound 

of Example 3(f) and the product of step (a}. The crude product was purified on silica gel, 
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eluting with CH2CI2/MeOH (9713, v/v). The subtitle compound {96%) was obtained as a 

foam. Rr0.35 (CH2Cl2/MeOH 9515, v/v). MS m/z 465 (MH). 

( c) 4-Amino-2-[4-(t-butyloX)'carbODYl)- J ,4-piperazin- l-ylJ-6.7-dimetboXJl-5-

5 pbenylqpinoline 

To a solution of the product of step (b) (270mg, 0.58nunol) in DMSO (3ml) was added 

KOH flake (33mg,0.S8mmol) and the reaction mixture heated to 90°C for 4h after which 

time the reaction was cooled, pomed onto H20 and extracted with EtOAc (3x). The 

combined organic layers were dried over MgS04 and evaporated under reduced pressure to 

10 give the subtitle compound as a foam (65mg, 24%). Rr 0.15 (CH2Cl2/MeOH 9515, v/v). MS 

m/z 465 (MH}. 

(d) 4-Aniino-6.7-dimethoxy -5-phenyl-2-(1.4-piperazin-1-yl)Qllinoline 

HCI was bubbled through a solution of the product of step (c) (580mg, l.25mmol) in 

15 CH2C12 at 0°C. After 15 min the reaction mixture was evaporated under reduced pressure 

and the residue was purified on silica gel, eluting initially with CH2Cl2/MeOH/0.88Nl-I3 

(92nll, v/v) followed by CH2ClfMeOH/0.88NH3 (90/10/1) to give the subtitle compound 

as a light brown foam (380mg, 84%). Rr 0.16 (CH2Cl:z!MeOH/0.88NH3 9217/1, v/v). MS 

m/z 365 (MH.j. 
20 

( e) (R/S)-4-Amjno-2-[4-(1,4-benmdiaxan-2-carbonyD-1,4-piperazin-l-ylJ:6,7-

djmetboxY-5-phenylquinoline 

(RJS)-1,4-Benzodioxan-2-carboxylic acid (SOmg, 0.28mmol) was added to a solution of 1-

hydroxybenzotriazole monohydrate ( 40mg, 0.30mmol) and l-(3-dimethylaminopropyl)-3-

25 ethylcarbodiimide hydrochloride (70mg, 0.38mmol) in CH2Cl2• This was followed by the 

sequential addition of 4-methylmorpholine (0.6nil, 0.55mmol) and the product of step (d) 

(1 OOmg, 0.28mmol) and the reaction mixture was stirred at room temperature under N2 for 

20h after which time it was washed with H20, saturated aqueous sodium bicarbonate and 

then saturated brine. The organic layer was separated, dried over MgS04 and evaporated 

30 under reduced pressure. The crude product was purified on silica gel, eluting initially with 

EtOAc/hexane (1/1, v/v) followed by EtOAc to give the title compound as a foam (120mg, 

79%). Rr 0.30 (EtOAc/hexane 111, v/v). MS m/z 527 (MW}. 1H NMR (CDCl3) 6: 3.41-
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4.05 (2H, b) 3.52 (3H, s). 3.73 (4H, m) 3.90 (4H, m}, 4.00 (3H, s}, 4.35 {IH, dd), 4.50 (lH, 

dd), 4.87 (lH, dd), 5.80 (JH, s), 6.89 (4H, m), 7.16 (lH, m), 7.42 (5H, m). Found: C,66.08; 

H,5.94; N,9.64; C3oH3oN40 5 0.5.EtOAc 0.5.H20 requires C,66.25; H,6.04; N,9.66%. 

5 Example6 · 

4-Amino-2-[4-CJuran-2-cll'honyl)-1.4-piperazin-1-yl]-6,7-dimetbox,y-5-phenylqyjnoline 

The title compound was prepared by the method of Example S(e) from the compound of 

Example S{d) and 2-furancarboxylic acid. The title compound (74%) was obtained as a 

foam. Rt0.30 (EtOAclhexane 1/1, v/v). MS mlz 459 {MI-f). 1HNMR (CDCI,) 8: 3.41-4.05 

10 (2H, b), 3.52 (3H, s), 3.73 (4H, m), 3.90 (4H, m), 4.00 (3H, s}, 4.35 (lH, dd), 4.50 (lH, 

dd), 4.87 (lH, dd), S.80 (lH, s), 6.89 (4H, m), 7.16 (lH, m), 7.42 (SH, m). Found: C,65.03; 

H,S.92; N,11.03; C~3oN405 0.4.EtOAc H20 requires C,64.73; H,6.10; N,10.94%. 

Example7 

15 (R/S)-4-Amin0=6.7-dimethoxy-5-pbeny1-2-[4-(tetrabydrofuran-2-carbonyl)-1,4-piperazin- .. 

1-yl]winoline 

The title compound was prepared by the method of Example S(e) from the compound of 

Example S(d) and (R/S)-tetrahydrofuran-2-carboxylic acid. The crude product was purified 

on silica gel eluting with CH2ClfMeOH/0.88NH3 (95/4.510.5, v/v) to give the title 

20 compound (53%) as a white foam. R1 0.45 (CH2Cl2/MeOHI0.88NH3 92n/1, v/v). MS m/z 

463 (MH+). 1H NMR (CDC13) &: l.82-2.05 (3H, m), 2.35 (lH, m), 3.204.00 (12H, m), 

3.48 (3H, s), 4.00 (3H, s), 4.63 (lH, m), 5.78 (lH, s), 7.10 (lH, s), 7.35-7.48 (SH, m). 

Found: C,65.57; H,6.Sl; N,11.60; C2~3oN404 0.2.CH2Cl2 requires C,65.62; H,6.39; 

N,11.68%. 

25 

Example 8 

4-Amjno-6,7-climetho-xy-2-[4-(fimm-2-carbonyl)-l ,4-djazepan-1-vl]-5-pbenylqujnoline 

(a) 1-Acetyl+(t-butyloxycarbonyl)-1.4-diazepane 

30 The subtitle compound was prepared by the methods of Intennediates 1 and 2 but using 

acetyl chloride in place of 4-morpholinecarbonyl chloride. The subtitle compound (82%) 

was obtained as a yellow oil. Rr 0.28 (CH2Cl2/MeOH 95/S, v/v). MS mlz 243 (MR}. 
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(b} 6-{ l-[4-(1-Butyloxycarbon.vl)-l ,4-diazepan-1-yl]ethylideneamino}-3.4-dimethoxy-

2-pben.vlbenzgnjtrlJe 

The subtitle compolllld was prepared by the method of Example l(c) from the compound 

5 of Example 3(f) and the product of step (a). The subtitle compound (41 %) was obtained as 

a pale yellow foam. Rr0.21 (CH2Cl2/Me0H 91.512.S, v/v). MS m/z 479 (ME-i+). 

(c) 4-Amjno-2-[4-(t-butyloxycarbonyl)-1.4-diazepao-t-:yl]-6,7-dimetboxy-5-

pheu.ylQYinoline 

I 0 The subtitle compound was prepared by the method of Example l (d) from the product of 

step (b). The subtitle compound (63%) was obtained as a pale orange foam. Rr 0.51 

(CH2C12/Me0H/0.88NH3 92'1/l, v/v). MS m/z479 (Ml(). 

(d) +Amino-6,7-dimetboXY-2-(1,4-di81.CJJan· 1-yl)-5-pbenylqyinoline 

15 The subtitle compound was prepared by the method of Example 5(d) from the product of 

step (c). The subtitle compound was obtained in quantitative yield as a pale orange solid. 

Rr 0.07 (CH2Cl2/MeOH/0.88NH3 92/711~ v/v). MS m/z 379 (MHJ. 

( e) 4-Amino-6,7-dimetbox:y-2-[4-Cfuran-2-carbonyl)-1,4-diazepao-1-yl]-5-

20 phenyJquinoJine 

The title compound was prepared by the method of Example 5(e) from the product of step 

(d) and 2-furancarboxylic acid. The product was purified by sllJ1lYing in EtOAc to give the 

title compound (72%) as a white solid. Rr0.58 (CH2CI2/Me0H/0.88NH3 9217/1, v/v). MS 

m/z 473 {MW). 1HNMR (CDCI3) a: 2.10 (2H. m), 3.50 (3H, s), 3.74 (4H, m), 3.81 (2H, 

25 m), 4~00 (SH, m), 5.71 (lH, s), 6.45 (lH, s), 7.01 (lH, bs), 7.65 (lH, bs), 7.44 (SH, m). 

Found: C,67.57;· H,5.90; N,ll.63; C27H28N40 4 0.5 H20 requires C,67.34; H,6.07; 

N,11.63%. 

Example9 

30 4-Amino-Ci.7-dimetJtoxy-5-phenyl-2-[4-(tetrahydrop,yran-4-carbonyl)-J .4:(fiazepan-I­

yl]qujnoline 
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The title compound was prepared by the method of Example S(e) from the compound of 

Example S(d) and tetrahydropyran-4--carboxylic acid. The crude product was purified on 

silica gel. eluting with CH2Cl2/Me0H (90/10, vlv) to give the title compound (44%) as a 

white solid. R,0.41(CH2C}i/MeOH/0.88NH3 90/10/1, v/v). MS m/z 491 (Mlt). 1HNMR. 

5 (CDC13) a: 1.74 {lH, m) 1.84-2.lS (3H, m), 2.68 (lH, m), 3.21 (lH, m), 3.50 (SH, m), 3.80 

(7H, m), 4.01 (SH, m), 5.68 (lH, s), 7.65 (lH, bs), 7.21-7.55 (6H, m). Found: C,66.97; 

H,7.09; N~l0.77; ~gH34N404 0.75 H20 requires C,66.71; H,7.10; N,11.11%. 

Example to 

10 4-Amino-5-(4-cblorophenyl)-6,7-dimethoxy-2-[4-(4·mocphoJinecarbonyl)-l .4-diazepan- l­

y1Jqyinoline 

(a) 6-Amino-3,4-dimetbou-2-iodobepzonitrjle 

The subtitle compound was prepared by the method of Example 2(b) from the compound 

15 ofExam.ple 3(d). The subtitle compound (81%) was obtained as a colourless solid. Rr0.55 

(EtOAc/hexane Ill, v/v). MS mlz 322 CMNHt). 

(b) 3,4-Dimethoxy-2-iodo-6-{ l-[4-{4-morpholinecarbonyl)-1.4-dia.zepan-1-

yJ].ethyljcleneamino}benzonittile 

20 The subtitle compound was prepared by the method of Example l(c) from the product of 

step (a) and Intermediate 4. The crude product was purified on silica gel, eluting with 

CH2Cl2/Me0H (9713, v/v) to give the subtitle compound (87%) as a colourless solid. Rr 

0.15 (CH2Cli). MS m/z 542 (MHJ. Found: C,46.00; H,5.17; N,12.44; C21H28N50 4I 

0.1.CH2C12 requires C,46.08; H,S.17; N,12.74%. 

25 

( c) 4-Amino-6.7-djmetho:gy-5-igdo-2-[4-{4-mgIJ>boljuecarbonyl)-1.4-diazepan-1-

yl]gpinoline 

The subtitle compound was prepared by the method of Example 1( d) from the product of 

step (b) except that the reaction was carried out in THFIDMPU (Sil, v/v). The crude 

30 product was ptnified on silica gel, eluting with CH2Cl2/Me0H (9812, v/v). The subtitle 

compound (65%) was obtained as a light brown solid. Rr 0.50 (CH2ClzlMeOH/0.88NH3 
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90/10/1, v/v). MS m/z 542 (MW). Found: C,45.71; H,5.26; N,12.44; C21H28N50 4I 

0.25.CH2Cl2 requires C,45.37; H,5.07; N,12.46%. 

( d) ~-Amino-5-(4-cblompbenyl)..fiZ-dimetboxy-2-(4-( 4-motpbolinecarbonyl)-1,4.. 

5 Qiazc;pan-1-yl]quinoline 

The title compound was prepared by the method of Example l{a) from the product of step 

(c) 

and 4-chlorophenylboronic acid. The crude product was purified on silica gel, eluting with 

CH2Cl2'Me0H/0.88NH3 (90/1011, v/v). The title compound (400-4) was obtained as a pale 

10 yellow foam. R, 0.45 (CH2Cl2'MeOHI0.88NH3 90/10/1, v/v). MS m/z 526, 528 (Mlf). 1H 

NMR (CDC13) a: 2.06 (2H, m), 3.15 (4H, m), 3.35 (2H, m), 3.SO (3H, s), 3.53-3.68 (6H, 

m), 3.74 (2H, m), 3.97 (SH, m), 4.32 (2H, bs), 5.71 (lH, s), 7.29 (2H, d), 7.45 (2H, d), 7.69 

(lH, bs). Found: C,57.34; H,S.71; N,10.97; C27H32N50 4Cl 0.67.CH2C12 requires C,57.02; 

H,5.76; N,12.02%. 

15 

Example 11 

4-A.mino-5-Q.S;tichloropheuyl)-6.7-dimetboXY-2-[4-(4-moi:pholinecarbon,.vl)-lA­

diw.epan-1-yl]quinoline 

The title compound was prepared by the method of Example l(a) from the compound of 

20 Example lO(c) and 3,5-dichlorophenylboronic acid. The crude product was purified on 

silica gel, eluting with CH2ClifMeOH/0.88NH3 (90110/1, v/v). The title compound (24%) 

was obtained as a pale yellow foam. Rr 0.50 (CH2Cl2/Me0H/0.88NH3 90/10/l, v/v). MS 

m/z 560, 562, 564 (Ml{'). 1HNMR (CDC13) 8: 2.06 (2H, m), 3.15 (4H, m), 3.35 (2H, m), 

3.55 (3H, s), 3.65 (6H, m), 3.74 (2H, m), 3.99 (7H, m), 5.76 (lH, s), 7.10-7.55 (3H, m), 

25 7.45 (lH, s). Found: C,54.04; H,S.31; N,10.70; C27H32N50 4Cl2 0.6.CH2Cl2 0.6.MeOH 

requires C,53.64; H,5.49; N,11.100/o. 

Example12 

:4-Amino-6.7-dimetbmc;y-5-( 4-methoxypbenyl)-2·[4-(4-mm:pbolinecarbonyl)- J .4-diazcpan-

30 1-yl]quinoline 

The title compound was prepared by the method of Example 1 (a) from the compound of 

Example lO(c) and 4-methoxyphenylboronic acid. The crude product was purified on silica 
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gel, eluting with CH2Ch/MeOH (95/5, v/v). The title compound (300.lci) was obtained as a 

pale yellow foam. R1 0.20 (CH2Cl2/MeOH 9/1, v/v}. MS m/z 522 (MHJ. 1H NMR (CDC13) 

a: 2.06 (2H, m), 3.16 (4H, m), 3.35 (2H, m), 3.50 (3H, s), 3.53-3.80 (SH, m), 3.80-4.13 

(4H, m}, 3.90 (6H, s), 5.71 {lH, bs), 7.00 (2H, d), 7.06 (lH, bs), 7.31 (2H, d). Found: 

S C,61.75; H,6.63; N,12.34; Ci1H3sNsOs 0.2.CH2Cl2 0.7.H20 requires C,61.45; ~6.73; 

N,12.71%. 

Example 13 

4:A1Dino-5-[3,5-his(.tritluorometbyl)pheny)J-6.7-dimethoxy-2-[4{4-mm:pbolinecarbonyl)-

l 0 1.4-djm;pan-l-yl]quinoline 

The title compound was prepared by the method of Example l(a) from the compound of 

Example lO(c) and 3,5-bis(trifluorometh.yl)phenylboronic acid. The crude product was 

purified on silica gel, eluting with CH2CJ2/MeOH/0.88NH3 (90/10/1, v/v). The title 

compowid (24%) was obtained as a pale yellow foam. R1 0.50 (CH2Cl2'Me0.W0.88NH3 

15 90/10/1, v/v). MS m/z 628 (MH). 1HNMR. (CDC13) &: 2.06 (2H, m), 3.16 (4H, m), 3.35 

{2H, m), 3.48 (3H, s), 3.61 (6H, m), 3.77 (2H, m), 4.00 (7H, m), 5.80 (lH, s), 7.10 (lH, 

bs), 7.84 (2H, s), 7.95 {lH, s). Found: C,53.51; H,S.06; N,10.03; ~9H31N50~6 0.4.CH2Cl2 

0.3.MeOH requires C,53.10; H,4.92; N,10.43%. 

20 Example 14 

4-Amino·6,7-dimetboxy-2-[4-(4-mor,pboliuecarbonyl)-1,4-diazepan=l-ylJ-5-[.(4-

trifluorometbyl)phenyl].quinoline 

The title compound was prepared by the method of Example l(a) from the compound of 

Example lO(c) and 4-(trifluoromethyl)phenylboronic acid. The crude product was purified 

25 on silica gel, eluting with CH2Cl2/Me0H/0.88NH3 (90/1011, v/v). The title compound 

( 10%) was obtained as a pale yellow foam. Rr 0.45 (CH2C12/MeOH/0.88NH3 90/1 Oil, v/v). 

MS mlz 560 (Mlf). 1HNMR. (CDCI3) 8: 2.06 (2H, m), 3.03-4.13 (2H, b), 3.13 (4H, m), 

3.34 (2H, m), 3.48 (3H, s), 3.65 (6H, m), 3.76 {2H, m), 4.03 (SH, m), 5.74 (lH, s), 7.16 

(lH, bs), 7.50 {2H, d» 7.71 (2H, d). Found: C,56.46; H,5.78; N,11.43; C28H32N50 4Fl 

30 0.5.CH2Cli requires C.56.85; H,5.52; N,11.63%. 

Example 15 
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4-Amino-5·(3-chlomphenyl)-6.7-dimetboxy-2-[+(4-morpholinecarbonyl)-l ,4..diazepan-1-

ylJQllinoline 

The title compound was prepared by the method of Example l(a) from the compolllld of 

Example to(c) and 3-chlorophenylboronic acid. The crude product was purified on silica 

5 gel, eluting with CH2Cl~e0H/0.88 NH3 (90/10/1, v/v) followed by trituration with ether. 

The title compound (43%) was obtained as a colourless foam. Rr 0.34 (CH2Cl2'Me0H/0.88 

NH3 90/10/1, v/v); MS m/z 526, 528 (MH'). 1HNMR (CDC13) 8 2.06 (2H, m), 3.15 (4H, 

m), 3.3S (2H, m), 3.52 (3H, s), 3.40-3.80 (SH, m), 3.99 (7H, m), S.77 {IH, s), 7.10-7.50 

(4H, m), 7.23 (lH, s). Found: C,59.82; H,6.58; N,ll.96. C27H32N50 4Cl 0.25.CH2Cl2 

10 0.5.etherrequires C,60.11; H,6.47; N,11.990-4>. 

15 

Exam.pie 16 

4-Amino-6,7-dimethaxy-2-[4-(4-mm:pholinecarbonyl)-l A-diaz.epan-l-yll-5-

phenylquinaz.oline 

(a) 2.4-Dicbloro-6. 7-dimetboXf ·5-nitroquinamline 

To a suspension of2,4-dichloro-6,7-dimethoxyquinazoline (30.0g, 0.12 mol) in acetonitrile 

(SSOml) at 0°C was added nitronium tetrafluoroborate (25.9g, 0.19mol) portionwise over 

lSmin. The reaction was stirred for 0.75h and then evaporated under reduced pressure. The 

20 resulting solid was suspended in a mixture of saturated aqueous sodium bicarbonate and 

EtOAc and the solid filtered, dissolved in CH2C12, dried over MgS04 and evaporated to 

give the subtitle compound as a pale yellow solid (27g). Further material was obtained by 

separating the organic layer of the filtrate, washing with H20 (Ix), saturated brine (Ix), 

drying over MgS04 and filtering through a pad of silica Subsequent evaporation under 

25 reduced pressure, trituration with EtOAc and filtration gave the subtitle compound as a 

pale yellow solid (3.9g, overall yield 88%). Rr0.24 (ether/hexane 1/1, v/v). 

(b) 2,4-DiitvdroxY-6.7-dimethoxY-5-nitroQ.Uinazoline 

The product of step (a) (27.3g, 90mmol) was suspended in a mixture of glacial acetic acid 

30 (150ml) and H20 (Sml) and the reaction mixture was heated to 150°C for O.Sh after which 

time a :further portion ofH20 (Sml) was added and heating continued. After a total of 1.Sh 

heating, a third portion ofH20 (Sml) was added and heating maintained for a further O.Sh. 
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The reaction mixture was then cooled and the solid was filtered, washed with ether and 

dried in vacuo at 80°C to give the subtitle compotind as a pale yellow solid (22.2g, 93%). 

Rt-0.38 (EtOAc/MeOH 9515, v/v). MS mJz 285 (MNH4 +). 

5 ( c) 5-Amino-2,4:dihydroX)l-6.7-dimetboxyquinamline 

A mixture of the product of step (b) (35.0g, 0.13mol) and 10% palladium on carbon (4.0g) 

was suspended in glacial acetic acid (200ml) and hydrogenated at SOpsi (3.4 atm) and 50°C 

for 2.5 days. The reaction was_ then cooled, suspended in Me0H/CH2Cl2 (111,v/v, lL) and 

filtered. The residue was transferred to a soxhlet apparatus and continually extracted with 

10 MeOH for 3 days. Evaporation afforded a grey_ solid which was dissolved in 2N NaOH, 

filtered through a pad of silica, washing with H20. The filtrate was then acidified with 

concentrated HCl. The resulting precipitate was isolated by filtration, washing sequentially 

with H20 and acetone, then dried in vacuo at 60°C to give the subtitle compound as a 

white solid {22. 7g, 73%). Rr 0.42 (EtOAc/MeOH 9515, v/v). MS m/z 238 (MH). 

15 

( d) 2,4-Dihydrou-6.7:{iimethogy-5-iodoqyjnazo1ine 

To a suspension of the product of step (c) (5.Sg, 23.2 mmol) in concentrated HCl (IOml) at 

-10°C was added H20 (lOml), followed by an aqueous solution of sodium nitrite (2.4g, 

34.8mmol in 1 Oml), the temperature being maintained below 0°C. The resultant yellow 

20 diazoniwn salt was cautiously added to a solution of potassium iodide (40.0g, 0.23mol), 

copper (I) iodide ( 4.4g, 23mmol) in H20 (1 OOml) heated to 90°C and heating was 

maintained after the addition was complete until gas evolution ceased. The mixture was 

then cooled, filtered and the solid residue washed sequentially with H20 and aqueous 

sodium thiosulpbate. The crude product was purified on silica gel, eluting initially with 

25 EtOAc/MeOH (9515, v/v) followed by EtOAcJMeOH/AcOH (951511, v/v) affording a solid 

which was suspended in MeOH and filtered to give the subtitle compound as a 

yellow/orange solid (2.2g, 27%) which was contaminated with the compound of step (b) 

(0.4g). Rr0.16 {CH2CI21MeOH 95/5, v/v). MS mlz 366 (MNH/). 

30 ( e) 2.4-Djbydroxy-6.7-dimetbo:u-5-phenylquinazoline 

The subtitle compound was prepared by the method of Example l(a) from the product of 

step (d) (5.711 mixture of compounds, w/w) and phenylboronic acid. The crude product 
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was purified on silica gel eluting with CH2Cl:zlMeOH (95/S, v/v) to give the subtitle 

compound (95%) as an orange powder which was contaminated (5% w/w) with the 

compound of step (b}. Rr0.16 (CH2Cl:ifMeOH 9515, v/v). MS m/z 299 (MHJ. 

5 (f) 2.+Dicltloro-6,7-dimethox.v-5-phenylquinazoline 

The mixture produced in step (e) (9515, w/w, 1.75g~ 5.6mmol of the subtitle compound of 

step (e)) was suspended in POCh (lOml, 16.Sg, 109mmol) and the mixture treated with 

N,N-dimethylaniline (1.86ml, 1.79g, 14.7mmol) and heated at reflux for I.Sh. After 

cooling, excess POCl3 was evaporated under reduced pressure and the residue azeotroped 

10 with toluene (2x) then partitioned between EtOAc and H20. The organic layer was 

separated and washed sequentially with H20 (3x), saturated brine (lx), dried over MgS04 
t 

and filtered through a pad of silica, washing with EtOAc to give, on evaporation, the 

subtitle compound as a yellow gum. Rr 0.83 (EtOAc ). 

15 (g) 4-Amino-2-chloro-6,7-cUmethoxy-S .. phenylquiMr.oline 

The product of step (f) was suspended in a saturated solution of ammonia in MeOH and the 

reaction was stirred under N2 for 3h after which time CH2Cl2 was added until all the solid 

present dissolved. The reaction mixture was then stirred for a further 2.5 days at room 

temperature, the solvent removed under reduced pressure and the resulting solid suspended 

20 in MeOH and isolated by filtration, washing with ether and then drying in vacuo at 60°C. 

This gave the subtitle compound as a white solid (l.12g, 65% from the product of step (e)). 

R.r0.39 (EtOAc). MS m/z316, 318 (Mlt}. 

(h) 4-AIDino-Ji,7-dimethoxy-2-[+£4-morpholinecarbonyl)-l A-dimpan-1-yl]-5-

25 phenylqµinaznline 

To a solution of the product of step (g) (200mg, 0.63rnmol) in n-BuOH (lOml) was added 

Intennediate 3 (250mg, 1.0mmol) and triethylamine (0.22ml, 160mg, 1.58 mmol) and the 

reaction heated to 100°C under N2 for l 8h. After cooling, the reaction mixture was 

partitioned between EtOAc and 2N NaOH, the organic layer separated, washed with 

30 saturated brine, dried over MgS04 and evaporated under reduced pressure. The crude 

product was purified on silica gel, eluting with EtOAc and the resulting solid was then 

suspended in a minimal volume of EtOAc, filtered and dried in vacuo at 60°C to give the 
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title compound as a white solid (180mg, 58%). Rr0.40 (EtOAc/MeOH 9515, v/v). MS rn/z 

493 (MH). 1HNMR (CDC13} o: 2.00 (2H, m), 3.16 (4H, m), 3.35 (2H, m), 3.48 (3H, s), 

3.52 (2H, m), 3.65 (4H, m), 3.84 (2H, m), 3.94 (2H, m), 3.97 (3H, s), 4.52 (2H, bs), 6.92 

(IH, s), 7.35 (2H, m), 7.40-7.52 (3H, m). Found: C,62.82; H,6.52; N,16.70; C26H32N60 4 

5 0.25.H20 requires C,62.85; H,6.59; N,16.91%. 

Alternative route to 4-Amino-2-chloro-6, 7-dimethoxy-5-phenylquinazoline [the 

compound of step (g)) 

I 0 (Aa) 4-Amino-6,7-djmetboxy-2-hydroxy-5-pheny1quin87.Qline 

Trifluoroacetic acid (8.lml, O.IOmol) was added dropwise to a stirred solution of the 

compound of Example 3(t) (12.9g, 0.051mol) and sodium cyanate (6.6g, O.lOmol) in 

CH2C12 (200ml) and the reaction was left to stir at room temperature tmder N2 for l 8h, after 

which time an orange precipitate was formed. The solid was isolated by filtration, washing 

15 with hexane, dried by suction and then combined with a mixture of 2N aqueous NaOH 

(250ml) and MeOH (250ml). The mixture was heated on a steam bath until the solid had 

dissolved and after cooling, the solution was acidified with concentrated HCI and warmed 

on a steam bath until dissolution was complete. The solution was cooled and neutralised 

with K2C03 and the precipitated solid was isolated by filtration, washing with H20, 

20 MeOH, CH2CI2 and finally ether to give the subtitle compound as a colourless solid (12.4g, 

82%). MS m/z 298 (MH+). 

(Ab) 4-AIDhlo-2-chlom-6,7-dimetbox;;y-2-bydmxy-j-phenylquina7.0line 

DMF (6.4ml, 0.083mol) was added dropwise to POC13 {19.3ml, 0.2lmol). Once the 

25 mixture had cooled, the product of step (Aa) (12.34g, 0.042mol) was added and the 

temperature was maintained at 90°C for 3h aiid then stirred at room temperature for 18h 

after which time, the reaction was cautiously quenched with ice. The reaction was then 

basified with excess 2N NaOH, the temperature was allowed to reach 600C and this was 

maintained for lh. The reaction mixture was then cooled and the precipitate was isolated 

30 by filtration and dried in vacuo at 600C to afford the subtitle compolllld as an off-white 

solid (10.2g, 78%). 
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Exl1Jlple 17 

4-Amino-6.7-dimetbaxy-2-{+[1-(JS,4S-dihydrox;mmoJidine)carbon_vl]-1,+dimpan· l­

yl }-5-phenyJQJJinazoline hydrochloride 

5 (a) N-Beney)-3S,4S-bis{t-bmyldimetbylsilyloxy)pyrroljdine 

The subtitle compound was prepared by the method of Arakawa et al 

Chem.Pharm.Bull . .l2~ 2219 (1991 ). 

(b) 1-{ l-QS,4S-Bis(t-bub'Jdimetbylsilyloxy)R}'D"Olidioe)carbo0)!1 }-1,4-dia.zepane 

To a stirred solution of the product of step (a) (12.0g, 28mmol) in toluene (lSOml) was 

10 added a solution ofphosgene in toluene (l.93M, 18ml, 34mmol). The resulting suspension 

was heated at reflux for 6h after which time the solvent was removed under reduced 

pressure and the residue redissolved in TIIF- (200ml). The solution was cooled to 0°C and 

then added to a solution of homopiperazine (15.0g, lSOmmol) in THF (lOOml). The 

resultant solution was heated to 600C for lh and stirred at room temperature for 18h. The 

15 solvent was removed under reduced pressure and the residue partitioned between CH2Cl2 

(200ml) and H20 (lOOml). The organic layer was washed with saturated brine {SOml) and 

dried over MgS04• The solvent was evaporated under reduced pressure and the crude 

product was purified on silica ,gel, eluting initially with CH2C12/MeOH/0.88NH3 

(9613.510.5, v/v) followed by CH2Cl2'Me0H/0.88NH3 (92/7/l, v/v) to give the subtitle 

20 compound as an oil which slowly crystallised on standing {7.64g, 60%). Rr 0.2 

(CH2Cl:z!MeOH/0.88NH3 9217/1, v/v). MS mlz 459 (MH). 

( c) 4-Amjno-6,7-dimethou-2-{4·[1-(3SAS:(iibydmXYJiyrmlidine)carbonylJ-1,.4-

diaz.cpan-t-yl}-S-;phenylquinazoline h,,vdrocbloride 

25 To a solution .of the compound of Example 16(g) {200mg, 0.63mmol) and triethylamine 

{0.22ml, 1.7mmol) in n-BuOH (IOml) was added the product of step (b) {350mg, 

0.76mmol) and the reaction mixture was heated to 100°C under N2 for 18h. The reaction 

was then cooled and evaporated under reduced pressure and HCl was bubbled through a 

solution of the residue in CH2CI2 for 20min. The reaction mixture was then evaporated 

30 under reduced pressure, partitioned between EtOAc and H20 and the aqueous layer 

extracted repeatedly with EtOAc. The aqueous layer was then basified with 2N NaOH. 
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extracted with CH2C~ and the organic layer dried over MgS04 and evaporated to give a 

gum which was treated with ethereal HCJ. The resulting precipitate was filtered, washing 

with ether, to give the title compound as a white foam, (210mg, 61%). Rr 0.1 

(CH2Cl21MeOH 9515, v/v). MS mlz 509 (MH). 1H NMR (CDC13) 8: 1.58-2.23 (2H, bm), 

5 3.03-4.35 (2H, bm), 3.23 (4H, m), 3.48 {3H, s), 3.52 (3H, m), 3.71 (4H, m), 4.02 (3H, s), 

4.11 (4H, m), 5.16 (lH, bs), 7.32 (2H, m), 7.52 (3H, m), 8.45 (lH, s), 12.59 (lH, bs). 

Found: C,55.42; H,6.32; N,13.90; C26H32N60s HCl H20 0.5Et0Ac requires C,55.40; 

H,6.48; N,13.84%. 

l 0 Exmnple I 8 

4-Amjno-6.HimetboXY-2-[4-Q-hydmuazetidine-1-carbonyl)-1 A-diazcpan-l-yJJ-5-

phenylqyjpazoline h.v<irocbloride 

A suspension of the compound of Example 16(g) (205 mg, 0.6Smmol) in n-BuOH was 

treated with homopiperazine (l.3g, 13.0mmol) and the reaction heated to reflux under N2 

15 for 18h. After cooling, the reaction mixture was partitioned between EtOAc and 2N NaOH, 

the organic layer separated, washed with H20 (Sx) then evaporated under reduced pressure 

azeotroping with toluene (3x) to give a foam (280mg). This was dissolved in CH2CI2 

(SOml), triethylamine (O.llm4 0.78mmol) was added and the solution stirred with 4A 

molecular sieves for 2h before adding dropwise over lh to a solution of triphosgene 

20 (68.0mg, 0.23mmo1) in CH2C12 (IOml) at -5°C. This was then treated with a fine 

suspension of 2-azetidinol [prepared according to method of Chatterjee et al, 

J.Chem.Soc.Chem.Commwi., 93 (1968)] (142mg, l.3mmol) and hiethylamine (0.32ml, 

2.3mmol) in THF, pre-stirred with 4A molecular sieves for 2h. The reaction mixture was 

subsequently stirred for 3 days at room temperature under N2 after which time it was 

25 partitioned between CH2Cl2 and 1 N NaOH, the organic layer washed with saturated brine, 

dried over MgS04. and evaporated. Purification of the crude product on silica gel, eluting 

initially with EtOAc/MeOH (9515, v/v) then CH2Cl2/Me0H/0.88NH3 (9011011) followed 

by treatment with ethereal HCI gave the title compound as a white foam (153mg, 46%). 

MS m/z 479 (Ml(). 1HNMR (CDC13) o: 1.61, 1.84 (2H, two m), 3.10 (IH, m), 3.18-3.40 

30 (3H, m), 3.40-3.73 (4H, m), 3.SS (3H, s), 3.90 (3H, bm), 4.10 (3H, s), 4.35 (2H, bm), S.03 

(O.SH, bm), 5.21 (lH, bs), 5.26 (0.5H, bm), 5.66 (O.SH, bm), 6.58 (0.SH, bm), 7.40 (2H, 
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m), 7.55 (3H, m), 8.50 (lH, bs), 12.97 (IH, bs). Found: C,53.94; H,6.40; N,14.06; 

~3oN604 HCl 0.4.ether 2.5H20 requires C,54.14; H,6.78; N,14.25%. 

Example 19 

5 +Amino-2-[4-(J .+benzodiaxan-2-carbonyl)-1 ,4-piperazjn-l ·y!J-6.7-dimetbo:u-5-

pbenylqyinazoline 

(a) 4-Amino-6.7-dimethoxy-5-pbeoyl-2-(1,4-piperaziu-1-yl)quinazoline 

To a stirred suspension of the compound of Example 16(g) (420mg, l.3mmol) in n-BuOH 

1 O (1 Oml} was added piperazine (2.29g, 27mmol) and the reaction heated to 80°C for Jh. 

After cooling, the reaction mixture was partitioned between EtOAc and 2N NaOH, the 

organic layer was washed sequentially with H20 {2x} and saturated brine (Ix), then dried 

over MgS04 and evaporated under reduced pressure. The residue was azeotroped with 

toluene (lx) then CH2Cl2 (2x) to give the subtitle compound as a foam (455mg, 94%). Rr 
15 0.4 (CH2ClzfMeOH/0.88NH3 90/10/1, vlv). MS m/z 366 (M.H\ 

(b) (ll/S)-4-Amino-2-{+(l .4-benzodioxan-2-carbonyl)-1 A-piperazjn-1-yl}-6.7-

di1netb.oxy-S-phenylqµinazo)jne 

The title c9mpound was prepared by the method of Example 5(e) from the product of step 

20 (a) and (R/S)-1,4-benzodioxan-2-carboxylic acid. The title compowid (61%) was obtained 

as a foam. Re 0.69 (CH2Cl2'Me0H/0.88NH3 90/l Oil, v/v). MS mlz 528 (MW). 1H NMR 

(CDCl3) a: 3.42-4.16 (SH, b) 3.48 {3H, s), 4.00 (3H, s), 4.35 (IH, dd), 4.48 (IH, dd), 4.87 

(lH, dd), 5.80 (lH, s), 6.89 (4H, m), 6.97 (lH, s), 7.16 (lH, m), 7.39 {2H, m), 7.50 {3H, 

m). Found: C,64.31; H,S.58; N,12.61; C2,H2~s0s 0.2.EtOAc 0.5.H20 requites C,64.54; 

2s as.10; N,12.63%. 

30 

Example20 

4-Amino-6.7-dimethQKY-5-(4-fluoro.phenyQ-2-[+.(4-mor:gholinecarhonyl)-J ,4-djaz_epan-l­

ylJqµinaznline 

(a) 2,4-Dicblom-6,7-djmethou-5-iod.oquinazgline 
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The subtitle compound was prepared by the method of Example 16(£) from the compound 

of Example 16(d). The subtitle compound was obtained as a solid (contaminated with 

2t4,5-trichloroquinazoline). Re 0.16 (hexane/EtOAc 411, vlv). 

5 (b) 4-AIDjno-2-chlom-6.7-djmetbov-5-jodoquinamJine 

10 

This was prepared by the method of Example 16(g) from the contaminated product of step 

(a). The subtitle compound (61% from the compound of Example 16(d)) was obtained as a 

yellow solid (contaminated with the 5-chloro analogue). Rr 0.11 (hexane/BtOAc 4/1, v/v). 

MS m/z 366 (MR}. 

( c) 4-Amino-6J=dimetbov-S-iodo-2-[4-(4-moIPholinecarbonyl)-1,4-dimpan-1-

yUQujnamline 

This was prepared by the method of Example 16(h) :from the product of step (b) (312 

:mixtme, w/w) and Intennediate 3. The crude product was purified on silica gel, eluting 

15 initially with hexane followed by EtOArJhexane (1/1, v/v). The subtitle compound (28% 

based on the compound of step (b)) was obtained as an orange foam (contaminated with the 

S-chloro analogue). Rr 0.41 (EtOAc). MS m/z 543 (Ml(). 

{d) 4-Amjnn-6.7-dimetb.oxy-5-(4-flnol'Ql2henyl)-2-(+(4-motpholinprbonyU-1.4-

20 digepan-1-yl]qui087.Qline 

This was prepared by the method of Example l(a} from the product of step (c) (1.211 

mixture, wlw) and 4-tluorophenylboronic acid. The erode product was purified on silica 

gel, eluting initially with hexane/EtOAc (4/1, v/v) followed by EtOAc. The title compound 

(63% based on the compound of step (c)) was obtained as a white foam. Rr 0.18 (EtOAc). 

25 MS m/z 511 (MH}. 1HNMR. (CDC13) 5: 2.00 (2H, m}, 3.14 (4H, m), 3.35 (2H, m), 3.48 

(3~ s), 3.55 (2H, m}, 3.66 (4H, m), 3.84 (2H, m), 3.94 (2a m), 3.97 (3H, s), 4.52 (2H, 

bs), 6.90 (lH, bs), 7.16 (2H, m), 7.32 (2H, m). Found: C,60.91; H,6.32; N,15.73; 

Cuff31N604F 0.2.EtOAcrequires C,60.90; H,6.17; N,15.91%. 

30 Example 21 

4-Amino-6.7-djmethaxy-2-{ 1-[4-(+morpholinecarbooyl)piperidine]}-5-phenylquinazoline 
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The title compound was prepared by the method of Example 16(h) from the compound of 
Example 16(g) and 4-(4-morpholinecarbonyl)piperidine (see US patent 4,022,791). The 
crude product was purified by column chromatography on silica gel, eluting with 
CH2Cl2/EtO:W0.88 NH3 (9613.S/0.5, v/v). Recrystallisation from EtOAc gave the title 

5 compound (25%) as a colourless solid. R.r0.10 {CH2ClfMeOH/0.88 NH3 9613.S/O.S v/v). 

10 

MS m/z478 (Mlf). 1HNMR(CDC13)~: 1.75-1.95 

(4H, m), 2.70 (lH, m), 2.90 (2H, m), 3.SO (3H, s), 3.SS-3.75 (8H, m), 4.00 (3H, s), 4.60 
(2H, m), 6.95 (IH, bs), 7.40 (2H, m), 7.50 (3H, m). Found: C,65.34; H,6.56; N,14.55. 
~&ff31Ns04 requires C,65.39; H,6.54; N,14.66%. 

Example22 

4-Amino-2-{4-[1=(3S.4S-dibydmUP)'U'Olidine)carbony1)J-1.4-dim;pan-1-yl}-6.7-
dimetho;gy-5-pheny1qyinoline 

15 (a) 6-{l·[(+Beneyl)-lA-diazc;pan-1-yl]etbylideneamino}-3,4-djmethoxx-2-
phcnylhenzonitriJe 

The subtitle compound was prepared by the method of Example I (c) from the compound 
of Example 3(t) and l-acetyl-4-benzyl-1,4-diazepane [Sutton, J. Med. Chem., ll, 1026 
(1970)] to give the subtitle compound (83%) as an orange glass. Rr 0.36 (CH2Cl2/Me0H 

20 95/S, v/v). MS mlz 469 (MH'). 

(b) 4-Aminn-2-(4-benzyl-J ,+ruarqmn-1-yl)=6,7-djmethoxY-5-pbenylqµinoline 
A solution of the prodUct of step (a) (440mg, 0.94mmol) in dimethoxyethane (lOml) was 
treated with potassium t-butoxide (316mg, 2.82mmol) and reaction mixture heated at 

25 reflux for Sh. When cool, the mixture was partitioned between EtOAc and H20. The 
organic layer was dried over MgS04 and evaporated at reduced pressured to an oil. 
Trituration with MeOH and filtration gave the subtitle compound as a pale pink solid, 
(300mg, 68%). Rr 0.39 (CH2Cl:z/Me0W0.88 NH3 92r//l v/v). 1H NMR (CDC13) 5: 
1.9S(2H, m), 2.6S(2H, m), 2.8(2H, m), 3.S(3H, s), 3.65(3H, s), 3.7-3.9(6H, m), 4.00(3H, s), 

30 S.7(1H,s), 7.l(lH, bs), 7.2-7.JS(SH, m), 7.4(SH, m). 

( c) 4-Amino-2-(1.4-diazepan-1-yl)-6,7-dimethoxy-5-phenylquinoline 
... 
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A mixture of the product of step (b) (700mg, l.Smmol), palladium hydroxide (20%w/w, 

140mg) and acetic acid (0.17ml, 3.0mmol) in EtOH (30ml) was hydrogenated at 345 .kPa 

(SOpsi) and room temperature for 18h. The reaction was filtered through Arbocel® and the 

filtrate evaporated under reduced pressure to yield the subtitle compound as a buff solid 

S (487mg, 86%). Rr 0.10 (CH2Cl2/MeOH/0.88 NH3 90110/l, v/v). 1H NMR(CDC13) c5: 

1.95(2H, m), 2.85(2H, m), 3.0S(2H, m), 3.S0(3H, s), 3.75-3.85(6H, m}, 4.0(3H, s), 5.7(1H, 

s), 7.15(1H, s), 7.45(5H,m). 

( d) 4-Amino-2-(4-cblorocarbonyl-1 ,4:diaz.epan-1-yl)-6,7:dhnetb0xy-5-phenylqµinoline 

10 To a solution of triphosgene (128mg, 0.43mmol) in CH2CI2 (1 Oml) at -10°C was added 

dropwise a solution of the product of step (c) (442mg, l.17mmol) and triethylamine 

(0.195ml, 142mg, 1.4mmol) in CH2Cl2 (20ml) over lb. The mixture was stirrecfat -10°C 

for a further lh and then evaporated under reduced pressure to yield the subtitle compound 

as a brown foam (S14mg, 100%) which was used without further treatment 

15 

(e) 4-Amino-2-{+[1-(.3SAS-djhydroXXPyrmlidine)carbonyl)]-l .4-diazeJ>an-1-yl}-6,7-

dimethg:gy-5-phenylquinoljne 

A mixture of the product of step (d) (2S7mg,O.S8mmol), 3S,4S-bis (t-butyldimethylsilyl­

oxy)pyrrolidine [Nagel, Angew. Chem. Int. Ed. Engl., 23., 435 (1984)] (213mg, 0.64mmol) 

20 and triethylamine (0.098ml, 71mg, 0.7mmol) in THF (20ml) was refluxed for 18h. When 

cool, the mixture was partitioned between EtOAc and aqueous saturated sodium hydrogen 

carbonate solution. The aqueous layer was washed again with EtOAc and finally CH2Cl2• 

The combined organics were dried over MgS04 and evaporated at reduced pressure. The 

crude material was purified on silica gel eluting with a gradient eluent of 3-7% MeOH in 

25 CH2Cl2• The pmified material was treated with a methanolic solution of HCl [prepared by 

adding acetyl chloride (0.07ml) cautiously to MeOH (3ml)] and stirred at room 

temperature for 2.Sh. The mixture was basified with aqueous saturated NaHC03 and 

evaporated \Dlder reduced preJ;sure. The residue was extracted with CH2Cl2, the extract 

evaporated under reduced pressure and the crude product purified on silica gel eluting with 

30 CH2ClfMeOH/ 0.88 NH3 (9217/1, v/v) to yield the title compound (30mg, 10%) as a 

colourless solid. Rr 0.25 (CH2Cl2/MeOW0.88NH3 84/1412, v/v). MS mlz 508 Mlt. 1H 
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NMR(d6-DMSO) a: 1.87(2H, m), 3.12(2H, m), 3.34(3H, s), 3.4(2H,m), 3.S2(3H,m),. 3.68-

3.9(8H,m), 4.6(211,bs), 4.87(2H,m), S.85(1H,s), 6.93(1H,s), 7.3(2a m), 7.45(3H,m). 

Example23 

5 4-Amino-6.7-dimetboxY-2-(4-(4-fluompipcridinecarbonyU-l .4-dimpan-1-yl]-5-

phenylqninoline 

A mixture of the compound of Example 22(d) (257mg, O.S8mmol), 4-fluoropiperidine 

hydrochloride, [J.Org. Chem. ~ 771 (1979)] (90mg, 0.64mmol) and triethylamine 

10 (0.18ml, 1.29mmol) in mF (20ml) was heated at reflux for 18h. When cool the reaction 

was evaporated under reduced pressure and then partitioned between BtOAc and saturated 

aqueous sodium bicarbonate. The organic layer was dried over MgS04 and evaporated 

under reduced pressure. Purification on silica gel eluting with a gradient eluent of 3-7% 

MeOH in CH2Cl2 afforded the title compound as a foam (102mg, 35%). Rr 0.31 

15 (CH2Cl2/MeOH/0.88NH3 'Pfl/1, v/v). MS mlz 508 (Ml(). NMR (CDC13) 6: l.75-

1.95(4H, m), 2.05(2H, m), 3.1(2H, m), 3.35(4H, m), 3.4S-4.0S(l2H, m), 4.70 and 4.85(1H, 

m), 5.70(1H, s), 7.l(lH, bs) 7.4S(SH, m). Found: C,64.54; H,6.76; N,12.59. C28H34N50~ 

O.SEtOAc 0.5.H20 requires C,64.27; H,7.01; N,12.49% . 

20 Example 24 

4-Amino-6.7-dimethox.,.v-2-[4-(4-mowholinesulpbon.vl)=l .4-diazepan-J-ylJ-S­

phenylqyinazolioG 

(a) 1-(t-Butyloxycatbonyl)-4-{4-moa>holinesulphonyl}-l ,4-diazqme 

25 The subtitle compound was prepared by the method of Intermediate 2 from Intennediate 1 

and 4-morpholinesulphoilyl chloride {Repine et al 1. Med. Chem., Jj, 1935 (1991)]. The 

Ieaetion mixture was partitioned between CH2Cl2 and IN NaOH . The organic phase was 

washed again with IN HCl, then H20 and dried over MgS04 and evaporated under reduced 

pressure. Purification on silica gel eluting with CH2Cl:i/Me0H/0.88 NH3 (98/1.25/0.25, 

30 v/v) initially and then (9613.S.O.S, v/v) gave the subtitle compound as a gum (53%). Re 
0.44 (CH2Cl2/MeOH/0.88 NH3 96/3.5/0.5, vlv). MS mlz 350 (MH). 1H NMR(CDCI3) 6: 

l .4(9H, s), l .9(2H, m), 3.17( 4H, m), 3.22(2H, i;n), 3.4(2H, m), 3.5(2H, m), 3. 73(6H, m). 
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(b) 1 =(4-Mmpholjneaglphonyl)-1.4-dil7&1Ume bydmcbloride 

The subtitle compound was prepared by the method of Intermediate 3 from the product of 

step (a). The subtitle compound (97%) was obtained as a white solid. Rr 0.09 

S (CH2Cl:/MeOHI0.88 NH3 9217/1, v/v). MS m/z 250 (Ml(). NMR(~-DMSO) 8: 2.1(2H 

,m), 3.1(4H, m), 3.4(4H, m), 3.62(8H, m), 9.2(2H, b). 

( c) 4-Amino-6.7-djmethox,v-2-[4-(mm:pholinesulgbonyl)-J ,4-dimpan-1-yl}}-5-

phenyl<IJ1inazoUne 

10 The title compound was prepared by the method of Example 16(h) from the product of step 

(b) and the compound of Example 16(g). The mixture was purified on silica gel eluting 

with 3% MeOH in CH2Cl2• Evaporation under reduced pressure and recrystallisation from 

EtOAcJhexane gave the title compound (33%) as a colourless solid. Rr 0.27 

(CH2Cli/MeOH 9515 v/v). MS mlz 529 (M}t). tH NMR (CDC13) S: 2.03(2H, m), 

15 3.08(4H, m), 3.37(2H, m), 3.47(3H, s), 3.53(2H, m), 3.63(4H, m), 3.9(2H, m), 3.95(2H, 

m), 3.98(3H, s), 4.56(2H, s), 6.9(1H, s), 7.37(2H, m), 7.44(3H, m). Found C,56.23; 

H,6.06; N,1S.S6. ~H32N605S 0.5.H20 requires C,56.42; H,6.14; N,1S.79DA.. 

ExampJe2S 

20 4-Amino-2-(7-aminosulfonyl-l .2.3,4-tetrahydmisoqujnolin-2-yU-6.7-dimethOX)'-S­

phenylquinamline 

To a solution of the compound of Example 16(g) (500mg~l.6mmol) and trlethylamine 

(0.66ml, 4.Smmol) in a mixture of n-BuOH (lOml) and DMA (3ml) was added 1,2,3,4-

25 tetrahydroisoquinoline-7-sulfonamide hydrochloride (R.G. Pendleton et al, The Journal of 

Pharmacology and Experimental Therapeutics, 2Jll, 24, 1979) (S97mg, 2.4mmol) and the 

reaction mixture was heated to 100°C under N2 for l 8h. The reaction was then cooled, 

partitioned between 2N aqueous NaOH and EtOAc, the organic layer was washed with 

H20, dried over MgS04 and evaporated under reduced pressure. The residue was triturated 

30 with ether/hexane and the resulting solid isolated by filtration to give the title compound as 

a light yellow solid, (360mg, 46%). Rr 0.62 (CH2Cl:z/MeOH/0.88NH3 90/10/1, v/v). MS 

mlz 492 (Ml{). lH NMR (D6-DMSO) 5: 2.87 (2H, dd), 3.37 (3H, s), 3.90 (3H, s), 4.00 
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(2H, dd), 4.94 (2H, s), 6.90 (lH, s), 7.20· 7 .40 (6H, m), 7.45-7.65 (6H, m). Found: C,60.47; 

H,S.39, N,13.72; C2SH25N50 4S 0.3.H20 requires C,60.42; H,5.19, N,14.09%. 

Example26 

S +Amino-6.7-dimetJtox.v-5-phenyJ-2-(3-pyridinemethylamjno)quinamline 

To a solution of the compound of Example 16(g) (300mg, 0.9Smmol) and triethylamine 

(0.60ml, 5.7mmol) in a mixture of n-BuOH (lOml) and DMA (2ml) was added 3-

(aminomethyl)pyridine and the reaction mixture was heated to 100°C under N2 for 24h 

I 0 after which time, a further portion of DMA (2ml) was added and heating continued for a 

·subsequent day. The reaction was then cooled, partitioned between H20 and CH2C12, the 

organic layer was washed with H20, dried over MgS04 and evaporated under reduced 

pressure. The residue was chromatographed on silica, eluting with CH2Cl2/MeOH/0.88NH3 

(90/10/1, v/v) to give the tide compound as a colourless foam, (65mg, 18%). R, 0.52 

15 (CH2Cl:ifMeOH/0.88NH3 8411412, v/v). MS m/z 388 (MW). 1H NMR (CDC13) 8: 3.45 

(2H, dd), 3.97 (3H, s), 4.65 (2H, bs), 4.71 (2H, bs), 5.40 (ll{, bs), 6.94 (lH, s), 7.15-7.30 

(2H, m), 7.39 (2H, m), 7.50 (3H, m), 1.11 ·(tH, d), 8.50 (tH, d), 8.61 (IH, s). Found: 

20 

C,6S.48; H,S.Sl, N,16.68; ~21NA 0.1.MeOH 0.2S.CH2Cl2 requires C,65.lS; H,S.36, 

N,17.00olO. 

ExampJe27 

4-Amino-6,'Z;limethoxy-S-(+tluoropben,,vl)-2-[+(morpholinecarbonylamino)-1 • 

pmpaneamjnolquinoline 

25 To a solution of the compound of Example 4 (150mg, 0.29mmol) in THF (Sml} at 0°C 

under N2 was added a 1.SM solution of lithium diisopropylamide in cyclohexaile (0.2ml, 

0.3mmol) and the reaction was allowed to reach room temperature and stirred for 1 h. This 

was followed by the addition of further portions of lithium diisopropylamide (0.4ml, 

0.6mmol) and a final portion of lithium diisopropylamide (0.2ml, 0.3mmol) after a further 

30 · 2h. The reaction was then stirred at room temperature for a further 3h, after which time it 

was quenched with H20, the product extracted into 2N aqueous HCI, the aqueous layer 

separated, neutralised with sodium bicarbonate, extracted with CH2Cl2 (3x) dried over 
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MgS04 and evaporated under reduced pressure. The resulting residue was purified by 

chromatography on silica, eluting with CH2Cl:z/Me0H/0.88NH3 (90/10/1, v/v) to give the 

title compound as an off-white solid (82mg, 58%). Rr 0.17 (CH2Cl2/MeOH/0.88NH3 

90/10/1, vlv). MS m/z 484 (MH). 1H NMR (CDC13) ~: 1.95 (2H, m). 3.27 (2H, m), 3.37 

S (2H, m}, 3.48 (3H, s), 3.SS (2H, m), 3.65 {4H, m), 3.90 (SH, bm}, 3.99 (3H, s), 5.08 (lH, 

m), 5.70 (lH, s), 7.03-7.23 (3H, m), 7.31-7.44 (2H, m). Found: C,60.72; H,6.37, N,13.38; 

Ci5H3oN50 4F 0.35.ether 0.7.H20 requires C,60.73; H,6.74, N,13.41%. 

Example28 

10 4-Amino-6.7-dimethoxy-5-(J-fluorophenyl)-2-[4-(4-morpholinecarbonyl)-l .4-diazcpan-1-

yl]guinoJine 

To a solution of the compound of Example lO(b) (200mg, 0.37mmol) and 3-

tluorophenylboronic acid (62mg, 0.44mmol) in a mixture of toluene (9ml), lM aqueous 

15 N82C03 (l.5ml) and EtOH (Sml) was added tetrakis(triphenylphosphine)palladium (13mg, 

0.44mmol) and the reaction was heated to reflux for lh. The reaction was then cooled, 

partitioned between EtOAc and H20, the organic layer dried over MgS04 and evaporated 

to afford a brown residue. This was dissolved in 1,2-dimethoxyetbane, the solution purged 

with N2 and then potassium t-butoxide (124mg, l.lmmol) was added and the reaction 

20 heated to reflux for th. After cooling, the reaction mixture was partitioned between EtOAc 

and H20, the organic layer was dried over MgS04 and evaporated in vacuo. The product 

was purified by chromatography on silica gel, eluting with CH2Cl2/MeOH/0.88 NH3 

(9613.5/0.5, v/v) to afford the title compound as a brown foam (136mg, 72%). Rt 0.39 

(CH2Cl2/MeOW0.88 NH3 921711, vlv). MS mlz 510 {Ml-t). 1HNMR (CDC13) 8: 2.03 (2H, 

25 m), 3.16 (4a m), 3.34 (2H, m), 3.50 (3H, s), 3.59 (2H, m), 3.65 (4H, m), 3.71 (2H, m), 

3.80 (2H, bs), 3.94 (2H, m), 3.99 (3H, s), 5.74 (lH, s), 7.06 (lH, bs), 7.10-7.20 (3H, m), 

7.41 (lH, s). Found: C,62.70; H,6.22; N,13.18. Ci7H32N50 4F 0.5.H20 requires C,62.53; 

H,6.41; N,13.500/D. 

30 Example 29 

4-Amjno-6.7-dimetbnu-2-(1-metbylpjperidjn-4-yl)-5-phenylqujnoline 
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The title compound was prepared by the method of Example S(e) from the compound of 

Example 8(d) and 1-methylpiperidine-4-carboxylic acid [Rogers et al Molecular 

Pharmacology .3..6, 333 (1989)]. The product was purified by chromatography on silica gel, 

eluting with EtOAc/diethylamine (90/10, v/v) to afford the title compound (63%) as an 

5 orange solid. Rr 0.1 S (CH2Cl2/Me0H/0.88 NH3 9217/1, v/v). MS m/z 504 (MW). 1H NMR 

(CDC13) B: 1.35 (4H, m), 2.06 (2H, m), 2.23 (3H, s), 2.30 (2H, m), 2.42 (lH, m), 2.80-2.95 

(2H, m), 3.50 (3H, s), 3.59 (2H, m), 3.78 (6H, m), 3.95-4.13 (2H, bs), 4.00 (3H, s), 5.68 

(lH, s), 7.13 (lH, bs), 7.38 (2H, m), 7.45 (3H, m). Found: C,67.03; H,7.37; N,12.87. 

Ci,H37N50 3 O.S.H20 0.5.EtOAc requires C,66.88; H,7.60; N,12.58%. 

10 

Examp!e30 

+Amino-6.7-dimethmcy-2-U-(mor,pholinecarbonylamino.)ethaneam,ino)-5-

pbenylquin!l7.0line 

15 (a) 4-Amino-2-(3-anrinoetbanearniDQ)-6.7-dimetho:gy-5-phenyl-qujnamline 

20 

This was prepared by the method of Example 16(h) from the compound of Example 16(g) 

and 10 mole equivalents of 1,2-ethanediamine, in the presence of catalytic potassium 

iodide. The subtitle compound (66%) was obtained as a colourless foam. Re 0.42 

(CH2C12/Me0H/0.88NH3 84/1412, vlv). MS m/z 340 (Ml(). 

(b) 4-Amino-6.7-dimethoxy-2-[3-(mm.pholioecarbonylamino)ethaneamino]-5-

pbenylqujnamline 

A solution of the product of step (a) (343mg, 1.0mmol) in CH2Cl2 (Jml) at 0°C under N2 

was treated with N-methylmorpholine (0.14ml, l.3mmol) followed by the dropwise 

25 addition of a solution of 4-morpholinecarbonyl chloride (0.1 lml, l.lmmol) in CH2Cl2 

(lml). The reaction was allowed to reach room temperature and stirred for 18h. The 

reaction was then quenched with H20, extracted with CH2Cl2, the organic layer separated, 

washed with saturated brine, dried over MgS04 and evaporated. Purification on silica gel, 

eluting with (CH2Cl2/Me0H/0.88NH3 90/10/1, v/v) followed by trituration with ether 

30 afforded the title compound as a colourless foam (185mg, 34%). Rt 0.45 

(CH2CliMeOH/0.88NH3 90/10/1, v/v). MS m/z 453 (Ml(). 1H NMR (CDC13) a: 3.32-

3.80 (13H, mm), 4.00 (SH, s), 5.34 (3H, b), S.94 (lH, bs), 7.03 (l~ bs), 7.32 (2H, m), 7.55 
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(3H, m). Found: C,53.68; H,6.16; N,16.45; C:z3H28N60 4 0.1.ether CH2Cl2 requires C,53.77; 

H,5.73, N,16.43o/o. 

Example31 

S · 4-Amjno-6j;limethoxy-2-[4-(morpboljnc;carbonylamino)-J-N-metbyJpmpaneamino]-5-

phenylq,uinamline 

(a) 4-Amino-2-(4-mnino-1-N-methylpro,paneamjnq)-6J;iimetbaxy-5-

pbenylquinazoline 

10 This was prepared by the method of Example 16(h) from the compound of Example 16(g) 

and 10 mole equivalents of N-methyl-1,3-propanediamine, in the presence of catalytic 

potassiwn iodide. The subtitle compound (17%) was obtained as a colourless foam. Rr 0.45 

(CH2Cl;IMeOH/0.88NH3 84/1412, v/v). MS m/z 368 (MB). 

15 (b) +Amino-6,7-dimetbgxy-2-[4-(moxpholinecarbonylamina,)-t-N-

metbylpmpaneaminoJ-5-phenylquinamline 

The tide compound was prepared by the method of Example 30(b) from the product of step 

(a) and 4-morpholinecarbonyl chloride. The crude product was purified on silica gel, 

eluting with (CH2Cl:zfMeOH/0.88NH3 90110/1, v/v) followed by trituration with ether to 

20 afford the title compound (49%) as a colourless foam. Rr 0.56 {CH2CI2'MeOH/0.88NH3, 

90/10/1, v/v). MS m/z 481 (Mlt). 1H NMR (CDCl3) 8: 1.81 (2H, m), 3.13 (3H, s), 3.32 

(6H, m), 3.50 (3H, s), 3.65 (4H, m), 3.84 (2H, m), 4.00 (3H, s), 4.71 (2H, bs), 5.65 (lH, 

bs), 7.00 (lH, bs), 7.35 (2H, m). 7.48 (3M. m). Found: C,58.84; H,6.68; N,15.69; 

CisH32N60 4 0.2.ether 0.5.CH2Cli requires C,58.72; H,6.S6; N,15.63%. 

25 

Example32 

<.R/S)-4-Amino-6,7-djmetboxy-5-phemd-2-[4-(letrahydroforan-2-carbonylamino)-t-N­

metbylprqpaneamino}qujnamline 

30 The title compound was prepared by the method of Example S(e) from the product of 

Example 31(a) and (R,S)-tetrahydrofuran-2-carboxylic acid. The crude product was 

purified on silica gel, eluting with (CH2C121MeOHI0.88NH3 90110/1, v/v) followed by 

-··· 
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trituration with ether to afford the title compound (S7%) as a colourless foam. Rr 0.51 

(CH2Cl2'Me0H/0.88NH3 90/10/l, v/v). MS m/z 466 (MF(). 1H NMR (CDCI3) 8: 1.58 

(lH, m), 1.71-1.97 (3H, m), 2.23 (2H, m), 2.94 {IH, m), 3.16 (3H, s), 3.39 (lH, m), 3.SO 

(3H, s), 3.71 (lH, m), 3.84 (IH, m), 3.89-4.05 (2H, m), 4.00 (3H, s), 4.40 (lH, t), 5.15 (2H, 

S b), 7.05 (lH, bs), 7.40 (2H, m), 1.SO (3H, m), 8.39 (lH, bs). Found: C,63.71; H,6.85; 

N,14.64; C2sff31N50 4 0.1.CH2Cl2 requires C,63.S9; H,6.63; N,14.77%. 

Bxample33 

4:AIDino-6,7-dimetboxy-2-[4-(morpholinecarbonylamino)-1-pmpaneamino]-5-

10 phenylq.uinazoline 

(a) 4-Amino-2-(4-amjno-J-pmpaneamino)-6,7-dimethou-5-phenylquinazoline 

The subtitle compound was prepared by the method of Example 16(h) from the compound 

of Example 16(g) and 10 mole equivalents of 1,3-propanediamine, in the presence of 

15 catalytic potassium iodide. The subtitle compound (72°Ar) was obtained as a colourless 

foam. Jtr0.11 (CH2Cl:z/Me0H/0.88NH3 84/1412, v/v). MS m/z 354 (MH'). 

(b) 4-Amino-6.7-dimethoxy-2-(4-(mm:pbolinecarbonylamino)-l-prapauempiM)-5-

:pbeuylqujpamline 

20 The title compound was prepared by the method of Example 30(b) from the product of step 

(a) and 4-morpholinecarbonyl chloride. The crude product was purified on silica gel, 

eluting with (CH2Cl2/MeOH/0.88NH3 90/1 Oil, v/v) folJowed by trituration with ether to 

afford the title compound (71%) as a colourless solid. Rr 0.40 (CH2Cl21Me0H/0.88NH3 

9011011, v/v). MS mlz 467 (Ml(). 1H NMR. (CDC13) S: 1.80 (2H, m), 3.39 (6H, m), 3.50 

25 (3H, s), 3.58 (2H, m}, 3.68 (4H, m), 4.00 (3H, s), 4.90 (2H, bs), 5.50 (lH, bs), S.80 (ta 

bs), 6.90 (lH; s), 7.37 (2H, m), 7.52 (3H, m). Found: C,58.69; H,6.49; N,16.SJ; 

C24H~604 0.4.CH2Cl2 requires C,58.54; H,6.20; N,16.79%. 

Example34 

30 (R/S.)-4-Amjno-6.7-dimetho-xy-S-phenyl-2-[4-(tetrabydrofuran-2=Carbonylamino)-1-

propaneaminoJqpinaznline 
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The title compound was prepared by the method of Example S(e) ftom the product of 

Example 33(a) and (RJS)-tetrabydrofuran-~-carboxylic acid. The crude product was 

purified on silica gel, eluting with (CH2Cl:z/MeOH 90/10, v/v) followed by trituration with 

toluene to afford the title compound (52%) as a colourless foam. Rr 0.70 

5 (CH2Cl2/Me0H/0.88NH3 84/1412, v/v). MS m/z 452 (MH). 1H NMR (CDCl3) 8: 1.67 

(2H, m), 1.90 (2H, m), 2.23 (2H, m), 3.06 (lH, m), 3.35 (2H, m), 3.SO {3H, s), 3.61 (2H, 

m), 3.87 (IH, m), 3.99 (3H, s), 4.01 (lH, bs), 4.40 (lH, t), S.35 (2H, b), 7.03 (lH, bs), 7.39 

(2H, m), 7.52 (3H, m), 8.20 (lH, bs). Found: C,63.18; H,6.50; N,14.66; C24H2~504• 

0.1.toluene 0.5.H20 requires C,63.16; H,6.61; N,14.91%. 

10 

Example35 

4-Amino-6.7-dimetbaxy-5-phenyl-2-[4-(.2-pyrimidineamino)-1-propaneamjnQ)QJJinazoline 

The product of Example 33(a) (230mg, 0.65mmol) was added to a solution of 2-

15 chloropyrimidine (82mg, 0.72mmol) and triethylamine {0.1 lml, 0.78mmol) in a mixture of 

n-BuOH (3ml) and DMA (lml). The reaction was heated to 80°C under N2 for 18h, after 

which the reaction was cooled, washed with H20, extracted with CH2CJ2, then washed with 

saturated brine. The organic layer was separated and dried over MgS04 and the product 

purified by silica gel chromatography, eluting with (CH2Cl:z1MeOHI0.88NH3 90110/1, vlv) 

20 followed by trituration with ether. The title compound was obtained as a colourless foam 

(llOmg, 34%). Rr 0.57 (CH2Cl2/MeOHI0.88NH3 84/1412, v/v). MS m/z 432 (MR). 1H 

NMR {CDC13) 5: 1.84 (2H, m), 3.41 (2H, m), 3.48 (3H, s), 3.55 (2H, m), 3.99 (3H, s), 6.4-

8.4 (2H, b), 6.42 (lH, t), 6.90 (lH, bm), 7.05 (lH, s), 7.35 (2H, m), 7.52 (3H, m), 8.16 (2H, 

bs). Found: C,57.75; H,5.70; N,20.04; Ci3H25N70i 0.75.CH2Cl2 requires C,57.59; H,5.39; 

25 N,19.80%. 

Example36 

4-Amino-6.7-di:metboxy-5-phenyl-2-[3-(.2-pyridy))ethaneaminoJquinaz.nline 

30 The title compound was prepared by the method of Example 16(h) from the compound of 

Example l 6(g) and S mole equivalents of 2-(2-aminoethyl)pyridine in the presence of 

catalytic potassium iodide. The product was purified by silica gel chromatography, eluting 
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with (CH2Cl2/MeOH/0.88NH3 90/10/1, v/v) followed by trituration with ether to afford the 

title compound (31%) as a colourless foam. Rr 0.27 (CH2Cl2/Me0H/0.88NH3 90/10/l, 

v/v). MS m/z 402 (MHJ. 1H NMR (CDC13) 8: 3.09 (2H, t), 3.45 (3H, s), 3.84 (2H, q), 4.00 

(3H, s), 5.00 (2H, bs), 6.00-6.60 (lH, b), 6.99 (lH, s), 7.05 (lH, dd), 7.40 (lH, d), 7.35 

S (2H, m), 7.50 (3H, m), 7.59 (lH, t), 8.55 (lH, d). Found: C,63.48; H,5.84; N,15.77; 

C:uH23N50 2• 0.5.CH2Cl2 requires C,63.57; H,5.45; N,15.78%. 

10 

Example37 

4-Amino-2-[4-(furan-2-carbonyU-t .4-piperazjn-l-yl]-6.7-dimetho:gy-5-phenvlqµinaznUne 

The title compound was prepared by the method of Example S(e} from the compound of 

Example 19(a) and furan-2-carboxylic acid. The product was purified by chromatography 

on silica gel, eluting with (CH2Cl2/Me0H/0.88NH3 90/1011, v/v) followed by trituration 

with ether to give the title compound (66%) as a foam. Rr 0.67 (CH2Cl2'Me0HJ0.88NH3 

15 90/10/1, v/v}. MS m/z 460 (Mlf). 1H NMR (CDC13) S: 3.50 (3H, s), 3.74 (2H, m}, 3.80-

4.0S (6H, m), 3.97 (3H, s), 4.66 (2H, bs), 6.48 (lH, bs), 7.00 (2H, m), 7.39 (2H, m). 7.50 

(4H, m). Found: C,65.71; H,6.42; N,14.80; C25H25N50 4 0.5.ether requires C,65.30; H,6.09; 

N,14.11%. 

20 Example 38 

(RISH-Amino-6.7-dimetboxY·5·pbenyl-2-[4-(.tetrabydrofimm-2-carbon.vD-1,4-piperazin­

l ·yUQUinajoline 

The title compound was prepared by the method of Example S(e) from the compound of 

25 Example 19(a) and (R/S)-tetrahydrofuran-2-carboxylic acid. The product was purified by 

chromatography on silica gel, eluting with (CH2Cl2'Me0HI0.88NH3 90/10/l, v/v) followed 

by trituration with ether to give the title compound (52%) as a foam. Rr 0.58 

(CH2Cl:ifMeOH/0.88NH3 90/10/1, v/v). MS m/z 464 (MK). 1H NMR. (CDC13) o: 1.81-

2.16 (4H, m), 3.09-4.08 (lOH, m), 3.50 (3H, s), 4.00 (3H, s), 4.61 (3H, bm), 6.97 (lH, s), 

30 7.37 (2H, m), 7.50 (3H, m). Found: C,63.14; H,6.52; N,14.00; Ci,H29N50 4 0.2.CH2CI2 

0.3.ether requires C,63.07; H,6.53; N,13.88%. 
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Example39 

OVSl+Amino-6.7-dimethoXY-5-phenyl-2-[4-(tetrahydropyran-2-carbonyD:J A-pipera.zin-

1-yl]QYjnamline 

5 The title compound was prepared by the method of Example S(e) from the compound of 

Example 19(a) and (R/S)-tettahydropyran-2-carboxylic acid [Nelson et al J. Org. Chem. 

2.1, 798 (1956)). The product was purified by chromatography on silica gel, eluting with 

(CH2Cl2/MeOH/0.88NH3 90/10/1, v/v) followed by trituration with ether to give the title 

compound (59%) as a solid. R,0.48 (CH2Cl:z/MeOH/0.88NH3 90/10/1, v/v). MS m/z 478 

10 (MH). 1H NMR. (CDC13) 8: 1.44-2.02 (6H, m), 3.40-4.16 (lOH, m), 3.50 (31I. s), 3.98 

(3H, s), 4.11 (lH, dd), 4.60 (2H, bm), 6.94 (lH, s), 7.38 (2H, m1 7.50 (3H, m). Fotind: 

C,64.43; H,6.45; N,13.85; Ci6H31N50 4 O.l.CH2Cl2 0.3.ether requires C,64.51; H,6.82; 

N,13.71%. 

IS Example 40 

4..Amino-6,'Z-dimetbox.,v-2-[+(momholinecarbC>nyD-1 ,+piperazin-J-ylJ-5-

pbenylquinamline 

Morpholinecarbonyl chloride (0.07ml, 0.66mmol) was added to a stirred solution of the 

20 compound of Example 19(a) (220mg, 0.60mmol) and 4-methylmorpholine (0.08ml, 

0.72mmol) in CH2Cl2 (5ml) at OOC underN2• The reaction was stirred for 18h, after which 

it was washed with H20, extracted with CH2C12, washed with saturated brine and the 

organic layer dried over MgS04 and evaporated. The product was purified on silica gel, 

eluting with (CH2Cl:z/MeOH/0.88NH3 90110/1, v/v) followed by trituration with ether to 

25 afford the title compound as a solid (230mg, 70%). Rr 0.45 (CH2Cl2'Me0H/0.88NH3 

90/10/l, v/v). MS m/z 479 (MHJ. 1H NMR (CDC13) 8: 3.30 (12H, m), 3.50 (3H, s), 3.84 . 

(4H, m), 3.98 {3H, s), 4.60 (2H, bm), 6.97 (lH, s), 7.38 (2H, m), 7.48 (3H, m). Found: 

30 

C,60.33; H,6.24; N,15.43; C25H30N60 4 0.3.CH2Cl2 0.5.ether requires C,60.35; H,6.61; 

N,15.46%. 

Example41 
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4-Amjno-607-dimetbox,y-5-pbenyl-2-[4-(thiomotpholine-l. 1-dioxjde-4-carbonyD-l .4-

d~an-1-yl]quinazoline 

(a) Thiomor.pboline-J, I-dioxide hydrocbloride 

5 2-Chloroethyl chloroformate (0.72ml, 6.7mmol) was added dropwise to a solution of 4-

methylthiomorpholine-1,1-dioxide (1.0g, 6.7mmol) in toluene (lOml) at OOC under N2• 

After 1 Omin, the reaction was wanned and maintained at reflux for 2h. On cooling, the 

reaction mixture was evaporated, partitioned between EtOAc and H20, the organic layer 

separated and washed sequentially with dilute HCl and ~d brine, the organic layer 

10 dried over Na2S04 and evaporated. The residue was taken up in MeOH (lOml) and heated 

at reflux for 2h, after which time the reaction mixture was evaporated and triturated with 

EtOAc to afford the subtitle compoood (415mg, 36%) as a solid. Rr 0.34 

(CH2Cl2/MeOH/0.88NH3 90110/l, v/v). MS mlz 136 (Ml(). 

15 (b) +Amino-6.7-dimetb02Q'-5-phenyl-2-(4-Uhiomorpholine-1. l-dioxide+carbooyD- . 

l ,+di•:zcpan-1-yIJqujnazoline 

The tide compound was prepared by the method of Example 18 using the product of step 

(a) in place of azetidinol. The product was purified by chromatography on silica gel, 

eluting with (CH2Cl2/Me0H/0.8~3 90/10/1, v/v) followed by trituration with ether to 

20 give the title compowid (25%) as a foam. Rr 0.58 (CH2Cl2/Me0H/0.88NH3 90/10/l, v/v). 

25 

MS. m/z 541 (MH\ 1H NMR (CDC13) S: 1.97 (2H, m}, 3.00 (4H, m), 3.40 (2H, m), 3.50 

(3H, s), 3.SS-3.73 (6H, m), 3.84 (2H, m), 3.90-4.06 (2H, m), 3.98 (3H, s), 4.59 (2H, bm), 

6.90 (lH, s), 7.38 (2H, m), 7.50 (3H, m). Found: C,55.90; H;S.82; N,14.35; Ci6H32N60 5S 

0.3.CH2Cl1 0.2.etherrequires C,55.82; H,5.98; N,14.40%. 

Example42 

CMU-4-Amino-6.7-dimetbou-5-phenyl-2-[4-(tetrahydmpyran-2-carbonyl)-l .4-diazepan­

l-Yllquinazaline 

30 (a) QUS)-1-(t-Bncylox,ycarbonyD-4-{tetrabydmpyran-2-carbonyl)-1.+dimpane 
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The subtitle compound was prepared by the method of Example S(e) with Intermediate 1 

and (R/S)-tetrahydropyran-2-carboxylic acid. The subtitle compound (73%) was obtained 

as a solid. Rr 0.67 (CH2CI2). MS m/z 312 (MH}. 

5 (b) (R/S,)=l-(Ietrah.vdmpyran-2-carbonyl)-1.4-cfiazcpane hydrochloride 

The subtitle compound was prepared by the method of Intermediate 3 from the product of 

step (a). The subtitle compound was obtained in quantitative yield as a hygroscopic solid. 

MSm/z213 (MH}. 

10 (c) (R/$.)-4:Amino-6,7-dimetboxy-5-phenyl·2-[4-(.tetrahydropyran-2-carbonyl}J A-

diazepan· 1-yQqumamline 

The title compound was prepared by the method of 16(h) from the product of step (b) and 

the compound of Example 16(g). The product was purified by chromatography on silica 

gel, eluting with (CH2Cl2'Me0H/0.88NH3 90/1011, v/v) followed by trituration with ether 

15 to afford the title compound (43%) as a foam. R.r0.61 (CH2Cl2'Me0HI0.88NH3 90/10/1, 

v/v). MS m/z 492 (Mlt). 1H NMR (CDCl3) 8: 1.06-2.16 (SH, m), 3.16-4.40 (llH, m), 

3.47 (3H, s), 3.98 (JH, s), 4.59 (2H. bm), 6.95 (lH, bs), 7.38 (2H, m);o 7.50 (JH, m). 

Found: C,65.60; H,7.20; N,12.32; C27H33N504 0.8.ether requires C,65.84; H,7.50; 

N~l2.71 o/o. 

20 

Example43 

(S)+Amjno-6.7-djmethou-2-[2-(mm:pholinccvbonyl)pyrmlidjn-l-yl]-5-

phenyJqujnamline 

25 The title compound was prepared by the method of 16(h) from (S)-proline morpholine 

amide [prepared according to the method of Asami, Bull Chem. Soc .. Jpn., 6,1, 721 (1990), 

replacing Cbz-(S)-proline with tBoc-(S)-proline] and the compound of Example 16(g). The 

product was purified by chromatography on silica gel, eluting with 

(CH2Cl2/MeOH/0.88NH3 90/10/1, v/v) followed by trituration with ether to afford the title 

30 compound (53%) as a foam. Rc0.39 (CH2Cl2/MeOHI0.88NH3 90110/1, v/v). MS m/z 464 

(MH~. 1H NMR (CDC13) a: 1.99 (2H, m), 2.02 (2H, m), 3.48 (3H, s), 3.60 (6H, m), 3.84 

(4H, m), 3.97 (3H, s), 4.58 (2H, bm), 5.02 (lH, bs), 6.95 (lH, bs), 7.35 (2H, m}, 7.47 (3H, 
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m). Found: C,63.68; H;6.54; N,13.92; C25H2~s04 0.5.ether 0.1. CH2C12 requires C,63.72; 

H,6.75; N,13.700.Ai. 

Example# 

5 4-Amino-6,7-djmethgxy-5-phenyJ-2-(S.6,7,8-tetrahydro-l ,6-naphthyrid-6-yl)quinazoline 

The title compound was prepared by the method of 16(h) from 5,6,7,8-tetrahydro-1,6-

naphthyridine [Shiozawa et al. Chem. Pharm. Bull., .32, 2522 (1984)] and the compound of 

Example l 6(g). The product was purified by chromatography on silica gel, eluting with 

10 (CH2Cl2'Me0H/0.88NH3 93nll, v/v) followed by trituration with ether to afford the title 

compound (33%) as a foam. Rr0.50 (CH2CltMeOH/0.88NH3 90/10/l, v/v). MS mlz 492 

(Mlt). 1H NMR. (CDC13) 8: 3.10 (2H, t). 3.48 (3H, s), 3.98 (3H, s), 4.18 (2H, t), 4.66 (2H, 

bs), S.00 (2H, s), 7.01 (IH, s), 7.13 (la dd), 7.39 (2H, m), 7.50 (4H, m), 8.42 (lH, d). 

Found: C,68.05; H;5.80; N,15.89; C2sH23N50 2 0.1.CH2Cl2 0.4.ether requires C,68.35; 

15 H,6.07; N,15.51%. 

20 

Example45 

4-Amino-6.7-dimethaxy-5-pbenyl-2-(5,6.7,8-tetrabydro-1,3,6-trianmaphth-6-

yl)qujnazoline 

(a) 1-(t-BntvJovcarbonyD-3-fN.N-dimetbylmetbylidene)+pjperidone 

Dimethylfonnamide dimethyl acetal (S.82ml, 0.044mol) was added to a stirred solution of 

1-Boc-4-piperidone [Ashwood et al J. Chem. Soc., Perkin l, 641 (1995)] (8.73g, 

0.044mol) in DMF (80ml) and the reaction mixture was heated to 80°C under N2 for 18h. 

25 After cooling, the DMF was removed under reduced pressure and the residue was 

partitioned between EtOAc and H20, the organic layer washed with H20 and saturated 

brine, then dried over MgS04 and evaporated to afford the subtitle compound as a solid 

(8.44g, 76%). Rr 0.33 (CH2Cl2/Me0H/0.88NH3 90/10/1, v/v). MS m/z 255 {M}f). 

30 (b) 6-(t-ButyloX)'Whonyl)-(.'i.6,7.8-tetrahydro-1,3.6-triazanaphthalene) 

Sodium (762mg, 0.033mol) was added to EtOH (150ml) followed by fonnamidine acetate 

(3.4Sg, 0.033mol) and the reaction was stirred at room temperature under N2 for 30min. A 
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solution of the product of step (a) (8.43g, 0.033M) in EtOH (SOml) was then added and the 

reaction heated to reflux for 1 Sh after which time the mixture was cooled and concentrated 

under reduced pressure. The residue was partitioned between EtOAc and H20, the organic 

layer washed with saturated brine and dried over MgS04. Purification on silica gel, eluting 

S with CH2Cl2'Me0H (96/4, v/v) afforded the subtitle compound as an oil (5.09g, 65%). Rr 

0.57 (CH2Cl2'Me0H/0.88NH3 90/1011, v/v). MS m/z236 (MH}. 

( c) 5.6,7.8-Ietrabydro-1 ,3,6-trimupbthalene 

HCl was bubbled through a solution of the product of step (b) (4.80g, 0.020mol) in a 

10 mixture ofMeOH and ether (SOml, 111, v/v) at 0°C until saturated. The mixture was then 

allowed to reach room temperature over 2h, after which time a precipitate formed. 1bis 

was isolated by decanting off the supernatant solution, washing with ether (2x) and drying 

in vacuo to afford the subtitle compound as a colomless solid (2.85g, 81%). Rr 0.13 

(CH2Cl2/MeOHI0.88NH3 90/10/1, v/v). MS m/z 136 (Ml(). 

15 

(d) +Amino-6,7;limethox,y-5-pbenyl-2-(S.6.7.8-tetrahydm-1 ,3,6-triazanaphtb-6-

yQquinazoline 

The title compound was prepared by the method of 16(h) from the product of step (c) and 

the compound of Example 16(g). The product was purified by chromatography on silica 

20 gel, eluting with (BtOAclhexane 7/1, v/v) followed by tritmation with ether to afford the 

title compound (42%) as a light yellow foam.~ 0.48 (CH2Cli/Me0H/0.88NH3 90/10/1, 

v/v). MS mlz415 (MHJ. 1H NMR (CDC13) 6: 3.03 (2H, t), 3.SO (3H, s), 4.00 (3H, s), 4.21 

(2H, t), 4.68 (2H, bs), 5.00 (2H, s), 7.00 (lH, s), 7.37 (2H, m), 7.50 (3H, m), 8.55 (lH, s), 

8.99 (lH, s). Fomid: C,65.77; H,5.48; N,19.31; ~3H22N602 0.2.ether 0.25.H20 requires 

25 C,65.90; H,5.69; N,19.31°.4. 

Example46 

4-Amino-6,7-dimetboxY-2-[(+metbanesu)fonamido)isoindolin-2-yJJ-S-phenyJqµinazoJine 

30 (a) 4-Methanesulfonamjdaphtbalimide 

Metbanesulfonylchloride (2.6ml, 0.034mol) was added dropwise to a stirred suspension of 

4-aminophthalimide (5.0g, 0.031mol) in pyridine (50ml). The mixture was stirred for 48h 
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under N2 at room tem~ after which time the solid formed was isolated by :filtration, 

washing well with H20 and CH;iC12 and then dried in vacuo to afford the subtitle 

compound as a colourless solid (5.67g, 76%). Rr 0.52 (CH2Cl2/MeOH/0.88NH3 90/10/l, 

v/v). MS m/z 241 (MH+). 

(b) 4-(Methanesulfonamidg)isoindoline bydrocbloricie 

Borane.THF complex (lM solution in THF, 106ml, O.llmol) was added dropwise to a 

stirred suspension of the product of step (a) in 1lIF (lOOml) and the reaction heated to 

reflux for 18h. The reaction mixture was then cooled to 0°C and MeOH (SOml) was added 

10 cautiously, followed by 6N HCl (70ml). The mixture was then extracted with CH2Cl2 (3x) 

and the aqueous layer evaporated to dryness. The residue was taken up into CH2C12/MeOH 

(95/5, v/v) and the inorganic solid filtered off. The filtrate was concentrated to give a solid 

which was triturated with CH2Cl2 and dried in vacuo to afford the subtitle compo\Uld as a 

colourless solid (2.67g, 46%). Rr0.09 (CH2Cl2/Me0W0.88NH3 90/10/1, v/v). MS mlz213 

IS (Mlf). 

(c) +Aniino-6J-dimethou-2-[(4-methanesutfonamido)isoindolin-2-yl]-5-

pbenylqyjnamline 

The title compound was prepared by the method of 16(h) from the product of step (b) and 

20 the compound of Example l 6(g). The product was purified by chromatography on silica 

gel, eluting with (EtOAclhexane 7/1, v/v) followed by trituration with ether to afford the 

title compound (~1%) as a solid. Rr 0.52 (CH2ClifMeOH/0.88NH3 90/10/1, v/v). MS m/z 

492 (MHJ. 1H NMR (CDC13) 6: 3.03 (3H, s), 3.SO (3H, s), 4.00 (3H, s), 4.71 (2H, bs), 

4.90 (4H, bs), 7.03 (lH, s), 7.13 (lH, d), 7.21 (lH, s), 7.30 (lH, d), 7.40 {2H, m), 7.52 (4H, 

25 m). Found: C,59.87; H,5.51; N,12.72; ~5H:zsN504S 0.8.EtOAc requires C,60.26; H,S.63; 

N.12.46%. 

Example47 

(S)-4-Amino-6J-dimethoxy-2-[l-(mmpholinecamonyl)pyrrolidin-1-yl]-5-

30 pbenylquinazoline 

(a) (R/S)-l-{t-ButyloxycarbonyU-3-(motPholinecarbonyUP,yrroljdine 
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The subtitle compound was prepared by the method of Example S{e) with (R/S)-1-Boc­

pyrrolidine-3-carboxylic acid (MacLeod et al J. Med. Chem., ll, 2052 (1990)] and 

morpholine. The subtitle compound (62%) was obtained as an oil. Rr 0.69 (CH2C12/MeOH 

9515, v/v). MS m/z 285 (MH'). 

(b) ()YS)=J-(MmphoJjnecarixm)i)pyrmlidine hydrochloride 

The subtitle compound was prepared by the method of Example 4S(c). The subtitle 

compowid (64%) was obtained as a colourless solid. Rr 0.07 (CH2Cl2'Me0HI0.88NH3 

90/10/1, v/v). MS m/z 185 (MH}. 

(c) (S)-4-Antjno-6.7-dimetho:xy-2-[3-(mmpholines;arbonyl)pyrmlidin-l-ylJ-5-

pbenylquinH?nline 

The title compound was prepared by the method of l 6(h) from the product of step (b) and 

the compound of Example 16(g). The product was purified by chromatography on silica 

15 gel, eluting wi~ (CH2Cl:z!MeOHINH3 90/10/1, v/v) followed by trituration with ether to 

afford the title compound (41%) as a solid. Rr 0.52 (CH2Cl2/MeOH/0.88NH3 90/10/1, v/v). 

MS m/z 464 (MHJ. 1H NMR. (CDC13) B: 2.13 (lH, m), 2.35 (IH, m), 3.26(1H, m), 3.47 

(3H, s), 3.52-3.76 (lOH, m), 3.84 (lH, m), 3.98 (3H, s), 4.00 (lH, m), 4.70 {2H, bs), 7.05 

(Ill, s), 7.38 (2H, m), 7.45 (3H, m). Found: C,62.SS; H,6.28; N,14.27; C25H29N50 4 0.25. 

20 CH2Cl2 requires C,62.SS; H,6.13; N,14.45%. 

25 

Example48 

4-Amino=6,7-dimethoXY-5·(2·metbo:xyphenyl)-2-(S.6,Z8-tetrahydro-l..6-napbthyrid·6-

yl)quinazoljne 

(a) 4-Amino-6.7-dimetboxy-5-io4o-2-(S,6,Z8-tetrabydm-1.6-naphthyrid-6-

yl)Q.Uinazoline 

The subtitle compound was prepared by the method of 16(h) from 1,2,3,4-tetrahydro-1,6-

naphthyrldine and the compound of Example 20(b).The subtitle compound was obtained 

30 in quantitative yield as a brown foam. Rr 0.35 (CH1Cl2'Me0H/0.88NH3 90/10/1, v/v). MS 

m/z 464 (Ml(). 
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(b) 4-Amino-6.Uimethoxy-5-(2-metboXJ!Pbenyl)-2:<,S,6.7,8-tetrabydro-1,6-

nnphtbyrid-6-yl)quimtmline 

The title compound was prepared by the method of Example l(a) with 2-

methoxyphenylboronic acid and the product of step (a). The product was purified by 

S trituration with EtOAclhexane to afford the title compound (18%) as an off-white solid. Rr 
0.33 (CH2Cl2'Me0HI0.88NH3 90/10/1, vlv). MS m/z 444 {Mlf). 1H NMR. (D6-DMSO) S: 

3.06 (2H, m), 3.50 (3H, s), 3.74 (3H, s), 4.00 (3H, s), 4.21 (2H, m), 4.74 (2H, s), 4.99 (2H, 

s), 6.90-7.16 (4H, m), 7.22 (lH, d), 7.39-7.55 (2H, m), 8.40 (lH, d). Found: C,66.52; 

H,S.84; N,14.83; C:zs}I25N50 3 0.5.H20 0.1.hexane requires C,66.67; H,5.73; N,15.20%. 

10 

Example49 

:4-Amjno-11-metbo:xy-2-[4-(4-moxpbolinerarbonyl)-J ,4-dimpan-1-yJ]-9H­

[2]benmpyrano-[3,+s;]qyinamline 

lS (a) 3-BenzyloxY-4-methaxybenzonitrile 

3-Benzyloxy-4-methoxybenzaldehyde (SOg, 0.2lmol) was added to a solution of sodium 

acetate (33.9g, 0.4lmol) and hydroxylamine hydrochloride (28.73g, 0.4lmol) in acetic acid 

(200ml) and the resulting suspension was heated to reflux for l 8h. After cooling, the 

reaction mixture was partitioned between. CH2Cl2 and H20 and the aqueous phase was 

20 further extracted with CH2CI2• The combined organic layers were dried over MgS04 and 

evaporated to afford the subtitle compound as a buff-coloured solid (43.9g, 89%). Re 0.70 

(toluene/EtOAc 411, v/v). 

(b) 5-Benzylox_v+metbogy-2-nitro-benzonitrile 

25 A solution of the product of step (a) (43.8g, 0.18mol) in glacial acetic acid (87ml) was 

added dropwise to concentrated nitric acid (700/0 wlw, 244ml) with ·periodic cooling to 

maintain the reaction temperature below 30°C. Once the addition was complete, the 

reaction was stirred for a further 30min, after which time the mixture was poured into H10 

(IL) and stirred for 30min. The resulting precipitate was isolated by filtration, washing 

30 with H20 followed by drying in vacuo at 50°C to afford the subtitle compound as a white · 

solid (35.lg, 68%). R,0.70 (EtOAc/hexane 111, v/v). 
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(c) 2-Amino-S-beneyloxx+methoX.Ybenzonitrile 

To a solution of the product of step (b) (35.0g, 0.12mol) in CH2Cl2 (500ml) was added 

tetra-n-hutylammonium chloride (20.3g, 0.074mol) followed by a solution of sodium 

dithionite hydrate (118.0g, 0.61mol) in H20 (400ml) and the mixture was stirred 

S vigorously for 2h at room temperature. A further quantity of sodium dithionite hydrate 

(47.2g) was then added and stining continued for lb. The reaction mixtW'e was then 

basified with 2N aqueous NaOH and the phases separated. The aqueous layer was extracted 

twice more with CH2Cl2 and the combined organic layers dried over MgS04 and 

concentrated in vacuo to a volume of 60ml. Treatment with excess ethereal HCl led to the 

10 precipitation of an orange solid which was washed with ether and then dissolved in a 

mixture of CH2Cl2 and 2N aqueous NaOH. The phases were separated and the organic 

layer concentrated' an vacuo and then dissolved in EtOAc and passed through a Scm plug of 

silica gel, eluting with EtOAc. On evaporation and drying in vacuo, the subtitle compound 

was obtained as a yellow solid (26.7g, 85%). Rr 0.76 (CH2Cl2'Me01Y0.88NH3 90/10/1, 

15 v/v). MS m/z 255 (Mlf). 

(d) +Amino-6-benzylaxy-2-bydroX)'-7-metboxyqp.inazolinc 

A solution of the product of step (c) (26.7g, O.lOmol) in CH2Cl2 was treated with sodium 

cyanate (17.lg, 0.26mol) and trifluoroacetic acid (20.9ml, 0.26mol) was added dropwise to 

20 the resulting mixture at room temperature. After 4Smin, the mixture was diluted with 

CH2Cl2 (IL) and stirred for a further 18h. The mixture was then concentrated in vacuo and 

partitioned between MeOH and 2N aqueous NaOH and stirred for 2h. The MeOH was then 

removed in vacuo and the yellow solid isolated by filtration, washing sequentially with 

H20, acetone and ether to afford the subtitle compound as a yellow solid (18.0g, 54%). A 

25 further quantity of product was obtained by concentration of the filtrate, acidification with 

concentrated HCl (9Sml), warming on a steam bath for Srilin, cooling and neutralisation 

with solid potassium carbonate. The solid obtained was isolated by ftltration, washing 

sequentially with H20, EtOH and ether to afford the subtitle compound as a yellow solid 

(12.1 lg, 93% combined yield}. Rr 0.23 {CH2Cl2/MeOH/0.88NH3 84/1412, v/v). MS m/z 

30 298 (Mlt). 

( e) 4-Aroino-6-benzyloxy-2-chloro-7-methoxYQllinazoline 
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DMF (7 .9ml, 0.1 Omol) was added dropwise to POC13 with stirring. After 1 Omin, the 

product of step (d) was added portionwise and the resulting mixture heated at 90°C for 

I .Sh, then cooled and poured into EtOAc (750ml). The mixture was neutralised by the 

portionwise addition of aqueous sodium carbonate and the phases were separated. The 

5 organic layer was evaporated to dryness and the residue combined with the organic phase 

which was then treated with aqueous NaOH to basify (pHl 0) and the mixture was heated at 

9G°C for 2h. After cooling, the mixture was partitioned between CH2Cl2 (lL) and H20 

(IL), the organic phase washed with H20, dried over MgS04 and evaporated to give a pale 

yellow solid. Trituration with isopropanol afforded the subtitle compound as a colourless 

10 solid (4.64g, 29%). R,0.64 (EtOAc/MeOH 95/5, v/v). MS mlz 316, 318 (Ml(). 

(f) 2-Amino-6-benzyloxY-7-metbaxy-2-(4-(4-moxpbolinecmhony0-1.4-dip;pan-l-yl] 

The subtitle compound was prepared by the method of 16(h) from the product of step (e) 

and the compound of Example 16(g). The product was purified on silica gel eluting with 

15 EtOAcJMeOH (911, vlv) to afford the subtitle compound (46%) as a foam. Rr 0.67 

(CH2CltMeOH/0.88NH3 84/1412, v/v). MS m/z 493 (Ml(). 

(g) 2-Amino-6-bydroxy-7-methoxy-2-£4-(4-morpbolinecarbonyl)-1.4:(1jazepau-t-yl] 

The product of step (f) (360mg, 0.73mmol) was dissolved in EtOH (60ml), 10% palladium 

20 on charcoal (1 OOmg, 0.09mmol) was added and the reaction mixture hydrogenated at room 

temperature at a pressure of 414 kPa (60psi). for 18h. The reaction mixture was filtered and 

concentrated in vacuo and the residue purified on silica gel, eluting with 

CH1Cl2'Me0H/0.88NH3 (9217/1, v/v) to afford the subtitle compound as a foam (135mg, 

47%). Rr0.33 (CH2Cl,/Me0H/0.88NH3 8411412, v/v). MS m/z403 {MW). 

25 

(h) 2-AIDino-6-(o-bromobenzyloxyl-7-methoxy-2-[4-(+mo[pholinecarbonyJ)-1.4- · 

diazc:pan-1-yl] 

Sodium hydride (60% dispeision in mineral oil, lOOmg, 2.Smmol) was added to DMF 

(20ml) and this was followed by the addition of the product of step (g) (l.Og, 2.Smmol) and 

30 the reaction was stirred at room temperature for 20min. o-Bromobenzyl bromide (625mg,, 

2.Smmol) was then added to the reaction which was left to stir for 1 h, after which time it 

was quenched with H20, extracted with EtOAc (2x), the combined organic layers washed 
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with H20, dried over MgS04 and evaporated to afford the product as a foam (1.2g, 84%). 

Rc0.48 (CH2Cl2/MeOH/0.88NH3 84/14~ v/v). MS mlz 571, 573 {MFt). 

(i) 4-Amino-1 J-methoxy-2-(4-(4-morpholinecarbony))-1.4-diazcpao-I-yl]-9H-

S [2]beD7,0pyrano-[3,4-s;]qpinamline 

To a solution of the product of step (i) (l .2g, 2.0mm.ol) in DMA (I Oml) was added sodiwn 

carbonate (254mg, 2.4mmol) and palladium acetate (4Smg, 0.2mmol) and the reaction 

mixture was heated to 130°C for 48h under N2• The reaction mixture was then cooled 

partitioned between EtOAc and H20 and the organic layer dried over MgS04 and 

10 evapomted. The product was purified by chromatography on silica gel eluting with 

CH2Cl,/Me0H/0.88NH3 (951510.5, v/v) followed by trituration with hexane to afford the 

title compound as a light yellow solid (114mg, 12%). Rr 0.76 (CH2Cl:i/Me0W0.88NH3 

84/1412, v/v). MS mlz 491 (MH+). 1H NMR. (CDC13) 8: 2.06 (2H, m), 3.18 (4H, m}, 3.42 

(2H, m), 3.60 (2H, m), 3.68 (4H, m), 3.94 (2H, m), 4.00 (SH, m), 4.90 (2H, bs), S.09 (2H, 

15 s), 6.87 (lH, s), 7.21-7.52 (4H, m). Found: C,62.18; H,6.34; N,14.66; c;~30N604• 

0.6.hexane O.S. CH2Cl2 requires C,61.84; H,6.74; N,14.38%. 

Example SO 

4-Amjno-11-methaxy-2-[4-(4-mor.pbolinecarbo'l)'l)-J .4-dimpan-1-ylJ-9H-

20 [2}benzom'f&DO-Ll.4-c]quinoline 

(a) 3-(o-BmmobenzyloxJ)-4-methoxybenmnitrie 

To a solution of 2-bromobenzyl alcohol (16.SOg, 88.2mmol) in DMF (lOOml) was added 

sodium hydride (60% dispersion in mineral oil, 2.94g, 73.Smmol) and this was followed by 

25 3-fluoro-4-methoxybenzonitrile (8.88g, 58.8mmol) and the resulting mixture was heated to 

90°C for 2h under N2• After cooling, the mixture was partitioned between ether and H20, 

the organic layer washed sequentially with O.SN HCI and saturated brine and then dried 

over MgS04• Trituration with ether/pentane (1/3, vlv) afforded the subtitle compound as an 

off-white solid (13.35g, 71%). R,0.27 (hexane/EtOAc Sil, v/v). MS m/z 318, 320 (MHJ. 
30 

(b) 1-Cyano-6Ji-djbenzo[b,d]pyran 
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The subtitle compound was prepared by the method of Example 49(i) from the product of 

step (a). The product was purified by chromatography on silica gel, eluting with 

hexanelEtOAc (4/lt vlv) followed by trituration with hexane/BtOAc (4/1, v/v) to afford the 

subtitle compound (41%) as a colourless solid. Rr 0.16 (hexan.e/EtOAc, 411, v/v). MS mlz 

s 238 (Mlf). 

(c) 1-Cyaoo-2-nitro-6H-dibenzo[b.d]p_yran 

The subtitle compound was prepared by the method of Example l 6(a) from the product of 

step (b). The product was purified by chromatography on silica gel, eluting with CH2Cl2 to 

10 afford the subtitle compound (42%) as a pale yellow solid. Rr 0.26 (hexane/ CH2Cl2 1/2, 

v/v). MS mlz 283 Qvnf). 

(d) 2-Amjno..1-cyano-6H-dibenzo[b.d]IJ)'l'Bll 

The subtitle compound was prepared by the method of Example 49(c) from the product of 

15 step ( c). The ~roduct was pmified by chromatography on silica gel, eluting with 

CH2Cl2/MeOH (9812, v/v) to afford the subtitle compound (85%) as a yellow solid. Rr0.81 

(CH2Cl2/MeOH/0.88NH3 93n/l, v/v). MS mlz 253 (MH+). 

( e) 1-Cyano-2-{ J-[+(mmpholine-4-carbon.vl)-1.4-diazepan-I-yJ]ethylideneamjno}-

20 6H-dibenio[b.d]pynm 

25 

The subtitle compound was prepared by the method of Example l(c) :from the product of 

step (d) and Intermediate 4. The product was purified by chromatography on silica gel, 

eluting with CH2ClifMeOH (9713, v/v) to afford the subtitle compound (97%) as a yellow 

foam. Rr0.56 (CH2Cl2'Me0H/0.88NH3 93n/1, v/v). MS mlz 490 (MH). 

(f) 4-An1ioo-t t-metbou-2-[4-(4-m<>tpholinecarbomrJ.)-t .4-djazepan-l-yl]-9H-

[2]benz:apyrano-[3A-c]qPinoline 

The title compound was prepared by the method of Example l(d) from the product of step 

(e). The product was purified by chromatography on silica gel, eluting with CH2Cl2/MeOH 

30 (9/1, v/v) followed by dissolution in CH2Cl2 and precipitation with toluene to afford the 

subtitle compound (400.4) as a yellow solid. Rr 0.35 (CH1ClzfMeOH/0.88NH3 93n/1, v/v). 

MS mlz 490 (MEf). 1H NMR (CDCl3) 8: 2.10 (2H, m), 3.16 (4H, m}, 3.40 (2H, m}, 3.65 
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(6H, m), 3.n (2H, m), 3.98 (2H, m), 4.01 (3H, s), 4.35 (2H, s), 4.90 (lH, d), S.30 (lH, d), 

5.94 (IH, s), 7.05 (lH, s}, 7.21-7.52 (4H, m). Found: C,65.86; H,6.33, N,13.30; 

~7H31N504• 0.2.toluene O.S.H20 requires C,65.98; H,6.55, N,13.55%. 

5 Example 51 

4-Amino-7-methoxy-2-[4-£4-mon>holinecarbonyl)-l ,4-diazepan-l-ylJ-5-pbenyl-6=(2,2.2-

tritluoroethoxx)quinoline 

(a) +Metbogy-3-(2.2.2-triflugmethoX}!)henmic acid, methyl ester 

10 To a mixture of isovanillic acid methyl ester (33.0g, 0.18mol) and potassium carbonate 

(41.4g, 0.30mol) in DMF (lOOml) was added a solution oftritluoroethyl tritlate [Burdon et 

al Tetrahedron2.L 1 (1965)) (65.0g, 0.28mol) in CH2C12• The mixture was stirred at room 

temperature for l 8h then evaporated to SOml, the mixture partitioned between ether and 

H20, the organic layer washed with H20 and saturated brine, then dried over MgS04 and 

1 S evaporated. The resulting solid was triturated with hexane to give the subtitle compound as 

an off-white solid (42.SSg, 900At). R,0.47 (CH2Cl:z). MS m/z 265 (MH}. 

(b) 4-Methoxy-3-(2,2.2-tritluoroethmcy:)benzoic acid 

The product of step (a) (42.3g, 0.16mol) was dissolved in MeOH (SOOml) and 2N aqueous 

20 NaOH (160ml, 0.32mol) was added and the mixture stiITed at room temperature for Jh and 

then at S0°C for lh. After cooling, the solution was concentrated in vacuo, treated with 2N 

HCl and extracted with EtOAc (3x). The combined organic extracts were dried over 

MgS04, filtered and evaporated to give the subtitle compound as a colourless solid ( 40.4g, 

quantitative). R,0.13 (hexane/EtOAc 111, v/v). MS m/z 251 (MH). 

25 

30 

(c) 2-[4'-MethOxy-3'-(2.2,2-tritluoroetltoXJa?ltenyl)]-4.4-<iimetl)yl-A2-oxamUne 

The subtitle compound was prepared by the method of Example 3(a) from the product of 

step (b). The product was purified on silica gel, eluting with CH2Clz1Me0H (95/5) to give 

the subtitle compound (80%) as a colourless solid. Rr0.54 (EtOAc). MS m/z 304 (MH\ 

(d) 2-[2'-Iodo-4'-metboxy-3'-(2,2,2,-trifluoroetbomhenyl)]:4.4-dimetbyl-A2-oxgzoline 
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The subtitle compound was prepared by the method of Example 3{b) from the product of 

step (c). The product was purified on silica gel, eluting with EtOAc/hexane (3/2, v/v) 

followed by trituration with ether/hexane (113, v/v) to give the subtitle compound (26%) as 

a colourless solid. Rr 0.27 (EtOAc/hexane 1/1, v/v). MS m/z 430 (MH). 

( e) 2-Iodo-4-methou-3-(2.2.2-tritluometbou)benmnjtrile 

The subtitle compound was prepared by the method of Example 3(c) from the product of 

step {d). The product was triturated with ether/hexane (1/3, vlv) to give the subtitle 

compound (97%) as a coloW'less solid. Rr 0.50 (EtOAc/hexane 1/1, v/v). MS m/z 358 

10 (Ml(). 

(f) 2-Iodo-4-methoxy-6-nitro-3-(2,2.2-trifluomethox,y)benmnitrile .. 

The subtitle compound was prepared by the method of Example 3(d) from the product of 

step (e). The product was triturated with ether to give the subtitle compowd (61%) as a 

1 S colourless solid. Re 0.25 (EtOAc/hexane 112, v/v). MS m/z 403 (MH'). 

(g) 2-Amino-6-iodo-4-metho:gy-5-(.2,2,2-trifluoroet~)benmnitrile 

The subtitle compound was prepared by the method of Example 49(c) from the product of 

step (f). The subtitle compound (700,b) was obtained as a colourless solid. Rr 0.74 

20 (CH2Ch/Me0I:U0.88NH3 93n/1, v/v). MS m/z 373 (Mlt). 

(h) 2-Iodo-4-metboxy-6-{ t-[4(mmpholine-4-carhcmyl)-1,4-diuepan-l-

yl]ethylideneamjno}-3-(2.2,2-trifluoroetbou)ben~mitrile 

The subtitle compound was prepared by the method of Example l(c) from the product of 

25 step (g) and Intermediate 4. The product was purified by chromatography on silica gel 

eluting with CH2Cl2/MeOH (911, v/v) followed by crystallisation from EtOAc to give the 

subtitle compound (64%) as a colourless solid. R.r0.12 (EtOAc). MS m/z 610 (Mlt). 

(i) 4-Amjno-5-iodo-7-mcthaxy-2-[+c+mor,pbolinecarbonyl)-1,4-diaz.epan-1-yJ]-6-

30 (2.2.2-trifluoroethmcy)Quinoline 

The subtitle compound was prepared by the method of Example l(d) from the product of 

step (h). The product was purified by chromatography on silica gel eluting with 
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CH2CI2/MeOH {9/1, v/v) to give the subtitle compound (20%) as a colourless solid. R,0.15 

{CH2Cl2/MeOH 9/1, v/v). 1H NMR (CDC13) 8: 2.06 (2H, m» 3.16 (4H, m), 3.32 (2H, m), 

3.58 (2H, m), 3.65 (4H, m), 3.70 (2H, m). 3.90 (2H, m). 3.97 (3H, s), 4.37 (2H, t), 5.55 

(2H, bs), 5.90 (IH, s), 1.0S (lH, bs). 

G) 4-Amjno-7-metbou-2-[4-(4-moxpholinecarbonyl)-1,4-div.epan-1-yij-S-Jlbenyl-6-

(2,2.2-triftuoroethoxy)qninoline 

The subtide compound was prepared by the method of Example l(a) from the product of 

step (i) and phenylboronic acid. The product was purified by chromatography on silica gel 

10 eluting with CH2Cl2/MeOH (9/1, v/v) to give the subtide compound (55%) as a foam. Rr 
0.12 (CH2Clz.IMeOH 911, v/v). MS m/z 560 (MH). 1H NMR (CDC13) 5: 2.06 (2H, m), 

3.16 (4H, m), 3.35 (2H, m), 3.55-3.80 (SH, m), 3.82-4.13 (9H, m), S.70 {lH, s), 7.65 (lH. 

bs), 7.37 (2H. m), 7.45 (3H, m). 

15 Example 52 

2-Amino-6.7-dimethou-5-phen.yl-2-(S.6,7.8-tetrahydm-1,3,7-tria'Y'naphth-7-

yl)quinazoJine 

(a) l-Irityl-3-pipetidone 

20 Trityl chloride (13.lg, 47.0mmol) was added to a stirred suspension of 3-piperidone 

hydrochloride (S.79g, 42.7mmol) and triethylamine {14.9ml, 107mmol) in CH2Cl2 (lOOml) 

and the reaction was stirred for 16h under N2 at room temperature. The resulting mixture 

was filtered and the filtrate washed sequentially with H20 and 5% aqueous citric acid, 

dried over MgS04 and evaporated under reduced pressure. Trituration with pentane 

25 afforded the subtitle compound as a colourless solid (4.8g, 33%). Rr0.23 (CH2Cl2/pentane 
I . 

'113, v/v). H NMR (CDC13) 5: 2.05 {2H, m), 2.35 (2H. m), 2.45 (2H, m), 2.85 (2H, s), 

7.06-1.SS (15H, m). 

(b) 4-(N,N-Dimetbylmethylidene)-1-trityl-3-piperidone 

30 The subtitle compound was prepared by the method of Example 45(a) from the product of 

step (a). Crystallisation from ether afforded the subtitle compound (52%) as a colourless 



WO 971.23462 PCT/EP96/05609 

65 

solid. Rr 0.23 (CH2Clfpentane 2/3, v/v). 1H NMR (CDCl3) a: 2.35 (2H, t), 2.87 (2H, t), 

2.97 (2H, s), 3.13 (6H, s), 7.13 (3H, m), 7.24 (7H, m}, 7.50 (6H, m). 

( c) 7-Irityl-(S,6,7,8-tetrabydro-1,3,7-triazanaphthaJeoe) 

5 The subtitle compound was prepared by the method of Example 45(b) from the product of 

step (b ). The product was purified by chromatography on silica gel, eluting with 

CH2Clfether (9/1, v/v) to afford the subtitle compound (51%). Rr 0.33 (CH2Clfether 

85/15, v/v). 1H NMR (CDC13) 6: 2.60 (2H, t), 2.97 (2H, t), 3.58 (2H, s), 7.06-7.37 (8H, m), 

7.52 (7H, m), 8.45 (Ill, s), 8.90 (lH, s) 

10 

(d) 5.6,7.8-IetrahYdm-1,3,7-triazanapbtha)ene hydrochloride 

The subtitle compound was prepared by the method of Example 45(c) from the product of 

step (c). The product crystallised from MeOH/ether to afford the subtitle compound (65%) 

as an orange hygroscopic solid. 1H NMR (d6-DMSO) a: 3.06 (2H, m), 3.40 (2H, m), 4.26 

15 (2H, s), 8.68 (IH, s), 9.00 (lH, s), 9.96 (2H, bs). 

(e) 2-Amjno-6,7-dimetboxY-5-pbenyl-2-(S.6,7.8-tetrabydro-1.3,7-triazanaJ2lrth-7-

yl)q.uinamline 

The title compound was prepared by the method of 16(h) from the product of step (d) and 

20 the compound of Example l 6(g). The product was purified by chromatography on silica 

gel, eluting with CH2ClfMeOH (9515, v/v) to afford the title compound (36%) as a foam. 

Rr 0.16 (CH2CliJMeOH 9515, v/v). MS m/z 415 (MH'). 1H NMR. (CDCI3) & 2.90 (2H, m}, 

3.50 (3H, s), 4.00 (3H, s), 4.16 (2H, m), 4.65 (2H, bs), 5.05 (2H, s), 7.00 (IH, s), 7.38 (2H, 

m}, 7.50 (3H, m), 8.SO (lH, s), 9.02 (lH, s). Found: C,63.56; H,S.20; N,18.97; C23H22N60i 
25 0.3.CH1Cl2 requires C,63.49; H,5.17; N,19.06%. 

Example53 

4-Amjno-6.7;limethoxx-2·(+metboxY-5.6.Z8-tetrabydro-1,3,7-tria71maphth-7-yl)-5-

30 pbcnylqninazoiine 

(a) 7-Benzyl+cbJoro-S,6,7.8-tetrah,ydro-l ,3.7-tria2;maphthaJene 
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7-Benzyl-4-hydroxy-5,6,7,8-tetrahydro-1,3,7-triazanaphthalene [Ozdowska et al Rocz. 

Chem. Ann. Soc. Chim. Pol. SQ,1771 (1976)) 95.0g, IS.9mmol) was added to POCl3 and 

the mixture heated to 100°C for lh. The reaction was cooled, concentrated under reduced 

pressure and the residue quenched with ice. After neutralising with K2C03 the product was 

S extracted with CH2Cl.2., the organic layer washed with H20, dried over MgS04 and 

evaporated to give the subtitle compound as a brown oil (3.33g, 81%). Rr 0.45 

(CH2ClifMeOH/0.88NH3 91.17/1, v/v). 

(b) 7-Benzyl+metboxy-5,6.7.8-tetrab.ydro-1,3,7-triamapbtbatene 

10 Sodimn (380mg, 16.Smmol) was added portionwise to MeOH (7ml) and the solution was 

added dropwise to a solution of the product of step (a) (3.3g, 12.7mmol) in THF (30ml). 

After stirring at room temperature for 18h, the reaction mixture was concentrated under 

reduced pressure, partitioned between H20 and CH2Cl2, the aqueous layer extracted with 

CH2Cl2 and the combined organic layers. dried over MgS04• Evaporation under reduced 

15 pressure afforded the subtitle compound as a brown oil (3.lg, 95%). Rr 0.64 

(CH2Cl2'Me0HI0.88NH3 9217/1, v/v). 

(c) 4-Metboxy-5,6,7,8-tetrahydro-l ,3,7-triazanaphthalene 

To a solution of the product of step (b) (3.lg, 12.0mmol) in EtOH (40ml) was added 

20 palladium hydroxide (200/0, w/w, 614mg) and the mixture was hydrogenated at 345kPa 

[50psi] pressure for 18h, after which time a further portion ofEtOH (40ml) and palladium 

hydroxide (614mg) was added and the hydrogenation continued for a further l8h. 

Filtration, evaporation under reduced pressure and chromatography on silica gel, eluting 

with CH2Cl:zfMeOH (90/10, v/v) afforded the subtitle compound as a pale orange oil 

25 {1.09g, 55%). R.r0.06 (CHiCI.JMeOH 9515, v/v). MS m/z 166 (Ml(). 

( d) +Amino-6,7-dimethoxY-2-(4-methaxy-5 .6.7.8-tetrahydm-1.3,7-triazanapbtb-7-yU-

5-phenylq,uinazoUne 

The title compound was prepared by the method of 16(h) from the product of step (c) and 

30 the compound of Example 16(g) in the presence of lmol equivalent of ammonium 

chloride. The product was purified by chromatography on silica gel, eluting with EtOAc to 

afford the title compound (10%) as a foam. Rr 0.42 (EtOAc/MeOH 95/5, v/v). MS mlz 445 
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(Mff). 1H NMR. (CDC13) & 2.74 (2H, t). 3.48 (3H, s), 3.98 (3H, s), 4.00 (3H, s}, 4.10 (2H, 

t), 4.61 (2H, bs), 4.95 (2H, s), 6.97 {lH, s), 7.38 (2H, m), 7.50 (3H, m), 8.57 (IH, s). 

Found: C,63.88; H,S.59; N,17.82; ~H24N603 0.2.EtOAc 0.3.H20 requires C,63.71; 

H,5.65; N,17.98%. 

Example 54 

4-Ainino-6,7-dimethoxy-2-[.6-(2-metbyl-4.S.6.7-tetrahydmtbiamlo-[5.4-t;J11yridyl)J-S­

phenylquinamline 

10 (a) 2-Metbyl-4.S.6.7-tetrabydrothiazolo-[5,4-c]p,yridine hydrochloride 

A mixture of 3-bromo-4-piperidone hydrobromide [Scarponi et al Fannaco, Ed. Sci. ~. 

175 (1988)] (2.58g, O.Olmol) and thioacetamide (940mg, 0.013mol) in EtOH (lOOml) was 

heated at reflux for 3h. After cooling, the reaction mixture was cooled and evaporated 

under reduced pressure and the resulting residue triturated with acetone to afford a solid. 

1 S This was dissolved in H20, washed with EtOAc (3x}, the aqueous phase was basitied with 

saturated aqueous N&.zC03 and extracted with EtOAc (Sx}, the combined organic extracts 

washed with saturated brine and dried over MgS04. The product was purified by 

chromatography on silica gel, eluting with CH2CliJMeOH/0.88NH3 (90/1011, v/v) followed 

by conversion to the hydrochloride salt with ethereal HCI to giv~ on filtration and drying 

20 in vacuo, the subtitle compound as a white solid (380mg, 20%). Rr 0.67 

(CH2Cl2/MeOH/0.88NH3 90/10/1, v/v). MS m/z ISS (M}t) 

(b) 4-Amino-6.7-dimethoxy-2-[6-(2-metbyl-4,S,6.7-tetrabydrothiazolo-[S.4-

c]pyridyl)]-5-phenylquinamlioe 

25 The title compound was prepared by the method of 16(h) from the product of step (a) and 

the compound of Example 16(g). The product was purified by chromatography on silica 

gel, eluting with EtOAc, followed by trituration with ether to afford the title compound 

(11 %) as a solid. Rr 0.24 (EtOAc}. MS m/z 434 (Ml-t). 1H NMR (CDCl3) 8: 2.66 (3H, s) 

2.90 (2H, t), 3.50 (3H, s), 3.97 (3H, s), 4.16 (2H, t), 4.61 (2H, bs), 4.97 (2H, s), 6.95 (lH, 

30 s), 7.38 (2H, m), 7.48 {3H, m). 

Example 55 



W097/23462 PCT/EP96/05609 

68 

The compound of Example 17 was tested in the :first screen descn'bed above r·contractile 

responses of human prostate") and found to have a pA2 value of 8.5. 
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Claims: 

111111111111111111111111111111 
* c 

I. A compound of formula I, L M s * 

R' ~NyLR' I 

RI ~ x 

NBz 

s 
wherein 

R 1 represents C14 alkoxy optionally substituted by one or more fluorine atoms; 

R2 represents Hor C1•6 alkoxy optionally substituted by one or more fluorine atoms; 

R3 represents one or more groups independently selected from H, halogen, C14 alkoxy and 

10 CF3; 

in addition, R2 and one R3 group may together represent -OCH2-, the methylene group 

being attached to the ortho-position of the pendant phenyl ring; 

R4 represents a 4-, 5- or 6-membered heterocyclic ring containing 1 or 2 heteroatoms 

selected :from N, 0 and S, the ring being optionally fused to a benzene ring or a 5- or 6-

15 membered heterocyclic ring containing 1 or 2 heteroatoms selected from N; 0 and S, the 

ring system as a whole being optionally substituted by one or more groups independently 

selected from OH, C1-4 alkyl, C1-4 alkoxy, halogen, S02NR8R.9 and NHS02(C14 alkyl), and 

when S is a member of the ring system, it may be substituted by one or two oxygen atoms; 

R8 and R.9 independently represent Hor C14 alkyl; 

20 X represents CH or N; and 

Lis absent, 

25 

or represents a cyclic group of formula Ia, 

~CHJ. 
N ' Ia 

/ '-.__'!""'z'A/ 
(Clli>. 

in which N is attached to the 2-position of the quinoline or quinazoline ring; 

A is absent or represents CO or 802; 

Z represents CH or N; 



5 

10 

W097.12346l PCT/EP96/0SCi09 

70 

m represents I or 2, and in addition, when Z represents CH, it may represent O; 

and 

n represents I, 2 or 3, provided that the sum of m and n is 2, 3, 4 or S; 

or represents a chain of fonnula I~ 

R' R" 
I I 

/N<a.tZ', / 
( A' 

' 

lb 111111111111111111111111111111 . 
* C L M S * 

in which N is attached to the 2-position of the quinoline or quinazoline ring; 

A' and Z' have the same significance as A and Z above, respectively; 

R6 and R7 independently represent Hor C1"" alkyl; and 

p represents 1, 2 or 3, and in addition, when Z' represents CH, it may represent 

O; 

or a pharmaceutically acceptable salt thereof. 

2. A compound as claimed in claim l, wherein R 1 represents methoxy. 

3. A compound as claimed in claim 1 or claim 2, wherein R2 represents methoxy. 

4. A compound as claimed in claim 1 or claim 2, wherein R2 and an R3 group together 

15 represent-OCH2-. 

20 

5. A compound as claimed in any one of the preceding claims, wherein R3 represents 

H or 4-tluoro. 

6. A compound as claimed in any one of the preceding claims, wherein R4 represents 

a group having the formula II, Ill, IV, V or VI, 

OH 

&OB f v II 

/N~ I 

~00 ))() v 

or 

wherein 

Y represents 0, CH2, 802, NR5 or CHF; and 

R
5 

represents H or C '"" alkyl 

OR 
III 0 IV 

/ 

VJ 

25 7. A compound as claimed in claim 6, wherein R4 represents a group of formula II. 

8. A compound as claimed in claim 7, wherein Y represents 0. 
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9. A compoood as claimed in any one of the preceding claims, wherein L is absent or 

represents a group of formula VII, 

VII 111111111111111111111111111111 
* C L M S * 

10. A pharmaceutical formulation including a compound of formula I, as defined in 

5 claim 1, or a phannaceutically acceptable salt thereof, in admixture with a 

pharmaceutically acceptable adjuvant, diluent or carrier. 

11. A compound of formula I, as defined in claim 1, or a pharmaceutically acceptable 

salt thereof, for use as a pharmaceutical. 

12. The use of a compound of formula I, as defmed in claim 1, or a pharmaceutically 

l 0 acceptable salt thereof, in the manufacture of a medicament for the treatment of benign 

prostatic hyperplasia. 

13. A method of treatment of benign prostatic hyperplasia, which comprises 

administration of a compound of formula I, as defined in claim 1, or a pharmaceutically 

acceptable salt thereof, to a patient in need of such treatment. 

1 S 14. A process for the production of a compound of formula I, as defined in claim 1, or a 

pharmaceutically acceptable salt thereof, which comprises: 

(a) when X represents CH, cyclizing a compound of formula X, 

N~L, 4 
~, R 

x 

CN 
CB, 

in which R 14 and L are as defined in claim 1; 

20 (b) when A or A' is present, and Z or Z' represents N, reacting a compound of formula 

Xllla or XIIIb, as appropriate, 
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R' 

R' 
I I NB 

N N- / ::;.." y (Cllz), XIDb 

(~) ... NH 

I I Xllla 
::;;-""Nl(N-..(CHJ. 

R' 

~ x ~ x 

I 111111111111111111 1111111 1111 
* C L M S * 

in which R1
•
3
, R6

, R7
, X, m, n and pare as defined in claim 1, with a compound of formula 

XIV, 

A' XIV 
R'" "'Lg 

5 in which R4 is as defined in claim l, A' represents CO or S~ and Lg represents a leaving 

group; 

(c) reacting a compound of formula xvm, 

R
1

~YL'a• 
:l x 

R 

xvm 

I Nff:a 

in which R1
, R2

, R4
, X and Lare as defined in claim 1, with a compound of fonnula XIX, 

XIX 

10 

in which R3 is as defined in claim 1; or 

(d) when X represents N, reacting a compound of formula XXII, 

XXII 

in which R1
"
3 are as defined in claim 1, with a compound of formula XXIIIa or XXIIIb, as 

15 appropriate, 
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A R7 

(CJ.Iii >. --z,,, ' R" :xxma j' z! ,....a" 
I / 'A' XXIDb 

RN- ,.N-(Cllz} 
<CHJ. H ' 

in which R4
, R6

, R7
, A, A', Z, Z', m., nandp areas defined in claim l; 

(e) when A or A' represents CO, rear.ting a compound of formula XXVIlla or 

XXVlllb, as appropriate, 

0 

<~> .... zJlLa 
I I 

~NyN-(C!li). 

~ x 
XXVDla 

R' f 
I Z'1Lg N N... / 

~ " (Clli), 
~ x 

XXVDlll 

in which R1
-
3
, R~, R7

, X, Z, Z', m, n and pare as defined in claim 1, and Lg is a leaving 

group, with a compound of formula XXIX, 

HR.4a XXIX 

in which R41 represents the groups defined by R4 in claim 1 which contain a nucleophilic 

nitrogen atom in the ring, this nucleophilic nitrogen atom being attached to H; 

(t) conversion of a compound of formula I in which L represents a cyclic group of 

formula Ia, to a corresponding compound of fonnula I in which L represents a chain of 

15 formula lb in which R6 and R7 each represent H, by the action of a strong base; 

(g) when A or A' is absent and Z or Z' represents N, reacting a compound of formula 

XIIIa or XIIIb, as defined above, with a compound of formula XXX, 

xxx 
20 

in which R4 is as defined in claim. 1 and Hal represents a halogen atom attached to the ring; 

or 

(h) when R2 and one R3 group together represent -OCHz-, cyclmtion of a compound of 

formula XXXI, 
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R
1

~7NyL•4 

~ ~ x 
0 

))~ 
• r 

PCTIEP96/05609 

:XXXI 111111~ 1111111111111111111111 · 
. L M s * 

in which R1
, R4

, X and Lare as defined in claim 1, and R38 has the same meaning as R3 in 

claim 1 except that R2 and an R31 group do not together represent -OCHr; 

and where desired or necessary converting the resulting compound of formula I into a 

S pharmaceutically acceptable salt or vice versa. 

IS. Compounds of formulae X, XIIla, XIIlb, XVIII, XXII, XXVIlla, XXVIllb and 

XXXI as defined in claim 12. 


