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[57] ABSTRACT 

This invention relates to his mono- and/or bicyclic aryl 
and/or heteroaryl compounds exhibiting protein tyrosine 
kinase inhibition activity. More speci?cally, it relates to the 
method of inhibiting abnormal cell proliferation in a patient 
su?ering from a disorder characterized by such proliferation 
comprising the administration thereto of an EGF and/or 
PDGF receptor inhibiting elfective amount of said bis mono 
and/or bicyclic aryl and/or heteroaryl compound and to the 
preparation of said compounds and their use in pharmaceu 
tical compositions used in this method. 

20 Claims, No Drawings 
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BIS MON O- AND BICYCLIC ARYL AND 
HETEROARYL COMPOUNDS WHICH 

INHIBIT EGF AND/OR PDGF RECEPTOR 
TYROSINE KINASE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

[This application is a continuation-in-part application of 
US. Ser. No. 07/988,515 ?led Dec. 10, 1992, now aban 
doned which is a continuation-in-part application of US. 
Ser. No. 07/698,420, ?led May 10, 1991 now abandoned and 
a continuation-in-part application of PCT International 
Application Ser. No. PCT/US92/03736 ?led May 6, 1992.] 

This application is a reissue of 08/1 66,199, ?led Dec. 10, 
1993, now US. Pat. No. 5,480,883, which, in turn, is a 
continuation-in-part application of US. patent application 
Ser. No. 07/988,515, ?led Dec. 10, 1992, now abandoned, 
which, in turn, is a continuation-in-part application of 
International Patent Application No. PCT/US92/03736, 
?led May 6, 1992, now abandoned, which, in turn, is a 
continuation-in-part application of US. patent application 
Ser: No. 07/698,420, ?led May 10, 1991, now abandoned. 
This application is also a reissue of 08/166,199, ?led Dec. 
10, 1993, now US. Pat. No. 5,480,883, which, in turn, is a 
continuation-in-part of US. patent application Ser. No. 
08/146,072, ?led Nov. 8, 1993, now US. Pat. No. 5,409,930, 
which is the National Stage of International Patent Appli 
cation No. PCT /US92/03736, ?led May 6, 1992, now 
abandoned, which, in turn, is a continuation-in-part appli 
cation of US. patent application Ser. No. 07/698,420, ?led 
May 10, 1991, now abandoned. ‘ 

FIELD OF THE INVENTION 

This invention relates to the modulation and/or inhibition 
of cell signaling, cell proliferation, cell in?ammatory 
response, the control of abnormal cell growth and cell 
reproduction. More speci?cally, this invention relates to the 
use of bis mono- and/or bicyclic aryl and/or heteroaryl 
compounds in inhibiting cell proliferation, including com 
pounds which are useful protein tyrosine kinase (PTK) 
inhibitors. 

Normal cellular reproduction is believed to be triggered 
by the exposure of the cellular substrate to one or more 
growth factors, examples of which are insulin, epidermal 
growth factor (EGF) and platelet-derived growth factor 
(PDGF). Such growth factor receptors are imbedded in and 
penetrate through the cellular membrane. The inhibition of 
cellular reproduction is believed to occur when a growth 
factor binds to the corresponding receptor on the external 
surface of the cellular membrane. This growth factor 
receptor binding alters the chemical characteristics of that 
portion of the receptor which exists within the cell and 
which functions as an enzyme to catalyze phosphorylation 
of either an intracellular substrate or the receptor itself, the 
latter being referred to as autophosphorylation. Examples of 
such phosphorylation enzymes include tyrosine kinases, 
which catalyze phosphorylation of tyrosine amino acid 
residues of substrate proteins. 
Many disease states that characterized by the uncontrolled 

reproduction of cells. These disease states involve a variety 
of cell types and include disorders such as leukemia, cancer, 
psoriasis, in?ammatory disease, bone diseases, atheroscle 
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2 
rosis and restenosis occuring subsequent to angioplastic 
procedures. This inhibition of tyrosine kinase is believed to 
have utility in the control of uncontrolled cellular 
reproduction, i.e., cellular proliferative disorders. 

Initiation of autophosphorylation, i.e., phosphorylation of 
the growth factor receptor itself, and of the phosphorylation 
of a host of intracellular substrates are some of the bio 
chemical events which are involved in mediator release 
mitogenesis and cell proliferation. Autophosphorylation of 
the insulin receptor and phosphorylation of substrate pro 
teins by other receptors are the earliest identi?able bio 
chemical hormonal responses. 

Elimination of the protein tyrosine kinase (PTK) activity 
of the insulin receptor and of the epidermal growth factor 
(EGF) receptor by site-directed mutagenesis of the cellular 
genetic material which is responsible for generation of 
insulin and EGF results in the complete elimination of the 
receptor’s biological activity. This is not particularly desir 
able because insulin is needed by the body to perform other 
biological functions which are not related to cell prolifera 
tion. Accordingly, compounds which inhibit the PTK portion 
of the EGF and/or PDGF receptor at concentrations less than 
the concentrations needed to inhibit the PTK portion of the 
insulin receptor could provide valuable agents for selective 
treatment of cell proliferation disorders. 

REPORTED DEVELOPMENTS 

It has been reported that the most potent inhibitors of EGF 
receptors Inhibit EGF-induced proliferation of A431/clone 
15 cells with little or no eifect on the proliferation of such 
cells when induced by other growth factors. It has been 
reported also that erbstatin inhibits the autophosphorylation 
of the EGF receptor in membranes of A431 cells. Higher 
concentrations of erbstatin are required to inhibit cyclic 
adenosine 3',5'-monophosphate (cAMP)-dependent protein 
kinase. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is pro— 
vided a method of inhibiting abnormal cell proliferation in 
a patient suffering from a disorder characterized by such 
proliferation comprising the administration to a patient of an 
EGF and/or PDGF receptor inhibiting effective amount of a 
his mono- and/or bicyclic aryl compound exhibiting protein 
tyrosine ldnase inhibition activity wherein each aryl group is 
a ring system containing 0-4 hetero atoms, said compound 
being optionally substituted or polysubstituted. 
Another aspect of the present invention relates to phar 

maceutical compositions comprising, in admixture with a 
pharmaceutically acceptable carrier, a pharmaceutically 
eifective amount of a compound of the aforementioned type. 
Another aspect of this invention comprises compounds 
useful in the practice of the present method. 
With respect to the method aspects of this invention, the 

compounds described by Formula I below constitute a class 
of the aforementioned bis mono- and/or bicyclic aryl, 
heteroaryl, carbocyclic or heterocarbocyclic compounds for 
use in the practice of the present invention: 

as 
Formula ‘I 

where: 
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Ar] and Ar 11 are independently a substituted or unsub 
stituted mono- or bicyclic ring, said rings optionally substi 
tuted with 0 to about 3 R groups; and 
X is (CHR,)O_4 or (CHR1 ,,,—Z—(CHR1),l where Z is 0, 

NR‘, S, S0 or S0,, in and n are 0-3 and m+n-0—3 and R1 
and R‘ are independently hydrogen or alkyl; or a pharma 
ceutically acceptable salt thereof. 

Preferably, AR I is a substituted or unsubstituted mono- or 
bicyclic aryl or heteroaryl ring system of about 5 to about 12 
atoms and where each monocyclic ring may contain 0 to 
about 3 hetero atoms, and each bicyclic ring may contain 0 
to about 4 hetero atoms selected from N, 0 and S provided 
said hetero atoms are not vicinal oxygen and/or sulfur atoms 
and where the substituents may be located at any appropriate 
position of the ring system and are described by R.; 
Ar II may be as described forAr I or at least one ring is 

a substituted or unsubstituted saturated carbocyclic of about 
3 to about 7 atoms where each monocyclic ring may contain 
0 to about 2 hetero atoms, and each bicyclic ring may 
contain 0 to about 4 hetero atoms selected from N, O and S 
provided said hetero atoms are not vicinal oxygen and/or 
sulfur atoms and where the substituents may be located at 
any appropriate position of the ring system and are described 
by R. 

Preferred Ar I and Ar II monocyclic aryl or heteroaryl 
rings include substituted or unsubstituted benzene, pyrrole, 
thiophene, furan, thiazole, imidazole, pyrazole, 1,2,4 
triazole, pyridine, 2(1H)-pyridone, 4(lH)-pyridone, 
pyrazine, pyrimidine, pyridazine, isotbiazole, isoxazole, 
s-triazine, oxazole and tetrazole. 

PreferredAr H carbomonocyclic rings include substituted 
and unsubstituted cycloalkanes such as cyclopentane, 
cyclohexane, cycloheptane and partially unsubstituted 
cycloalkanes such as cyclopent-l-ene and heteromonocyclic 
rings such as piperdine, piperazine, morpholine and pyrro 
lidine. 

Preferred Ar I and Ar H bicyclic rings include substituted 
and unsubstituted bicyclic aryl and heteroaryl rings such as 
naphthalene, naphthyridine, benzofuran, benzothiophene, 
indole, lH-indazole, indoline, benzopyrazole, 1,3 
benzodioxole, benzoxazole, purine, coumarin, chromone, 
quinoline, isoquinoline, benzimidazole, quinazoline, pyrido 
[2,3-b]pyrazine, pyrido[3,4-b]pyrazine, pyrido[3,2-c] 
pyridazine, pyrido[3,4-b]-pyridine, pteridine, 2(1H) 
quinolone, 1 (2H)-isoquinolone, 1,4-benzisoxazine, 
benzothiazole, quinoxaline, quinoline-N-oxide, 
isoquinoline-N-oxide, quinoxaline-N-oxide, quinazoline-N 
oxide, benzoxazine, phthalazine, or cinnoline. 

PreferredAr H carbobicyclic rings include substituted and 
unsubstituted bicycloalkanes such as tetralin, decaline and 
adamantane and preferred heterobicyclic rings such as 
imidazolidine, chroman, indoline and quinuclidine 

Preferred R substituents other than hydrogen include 
alkyl, alkenyl, phenyl, aralkyl, aralkenyl, hydroxy, 
hydroxyalkyl, alkoxy, alkoxyalkyl, aralkoxy, acyloxy, halo, 
haloalkyl, nitro, amino, mono-and di-alkylamino, 
acylamino, carboxy, carboxyalkyl, carbalkoxy, 
carbaralkoxy, carbalkoxyalkyl, carbalkoxyalkenyl, 
aminoalkoxy, amido, mono- and di-alkylamido and N,N 
cycloalkylamido, phenyl, or benzoyl; and R and R together 
may also form a ketone group. 

Preferred X moieties are (CHRQM, CH2—Z—CH2 or 
Z—CH,,where Zis0,NR'orS; 
A special embodiment of this invention includes those 

compounds where one of Ar I or Ar H is an azidophenyl 
moiety. 
A further special embodiment of this invention includes 

those compounds where Ar II is cycloalkyl. Preferred group 
include cyclopentyl, cyclohexyl and cycloheptyl. 
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4 . 

As employed above and throughout this disclosure, the 
following terms, unless otherwise indicated, shall be under 
stood to have the following meanings: 

“Monocyclic aryl” means a carbocyclic and/or heterocy 
clic aromatic ring. Preferred rings include phenyl, thienyl, 
pyridyl, 2(1H)-pyridonyl, 4(1H)-pyridonyl, furyl, 
pyrimidinyl, imidazolyl, thiazolyl, oxazolyl and tetrazolyl. 

“Bicyclic aryl” means a bicyclic ring system composed of 
two fused carbocyclic and/or heterocyclic aromatic rings. 
Preferred rings include naphthyl, indolyl, benzothienyl, 
benzofuranyl, quinolinyl, chromonyl, 1 (2H)-isoquinolonyl, 
isoquinolinyl, benn'midazolyl, benzothiazolyl, quinoxalinyl, 
naphthyridinyl, cinnoliny], phthalazinyl, pyrido[2,3-b] 
pyrazine, pyrido[3,4b]pyrazine, pyrido[3,2-c]pyridazine, 
pyrido[3,4-b]-pyridine, pteridine, and quinazolinyl. 

“Alkyl” means a saturated aliphatic hydrocarbon, either 
branched- or straight-chained. Preferred alkyl is “lower 
alkyl” having about 1 to about 6 carbon atoms. Examples of 
alkyl include methyl, ethyl, n-propyl, isopropyl, butyl, sec 
butyl, t-butyl, amyl and hexyl. . 

“Alkoxy" refers to an alkyl-O-group. Preferred alkoxy 
groups include methoxy, ethoxy, propoxy and butoxy. 

“Aryloxy” refers to an aryl-O-group. The preferred ary 
loxy group is phenoxy. 

“Aralkyl” means an alkyl group substituted by an aryl 
radical. The preferred aralkyl groups are benzyl or phen 
ethyl. 
The preferred aralkoxy groups are benzyloxy and 

phenethoxy. 
The preferred acyloxy groups are acetoxy and benzyloxy; 
“Halo" means halogen. Preferred halogens include 

chloride, bromide and ?uoride. 
The preferred haloalkyl group is tri?uoromethyl. 
The more preferred compounck of this invention include 

those compounds of Formula I where Ar I and Ar 11 are 
independently phenyl, naphtbyl, 2(1H)-pyridonyl, pyridyl, 
quinolinyl, thienyl, l (2H)-isoquinolonyl, indolyl, 
napthyridenyl, pyrido[2,3-b]pyrazine, pyrido[3,4-b] 
pyrazine, pyrido [3,2-c1pyridazine, pyrido[3,4-b]-pyridine, 
pteridine, benzothiazolyl, quinoxalinyl, benzimidazolyl, 
quinolinyl-N-oxide, isoquinolinyl-N-oxide, quinazolinyl, 
quinoxalinyl-N-oxide, quinazolinyl-N-oxide, benzoxazinyl, 
phthalazinyl, or cinnolinyl; and R is hydrogen, alkyl, alkoxy, 
hydroxy, halo or tri?uoromethyl. 
More speci?cally the compounds described by this inven 

tion are shown by the following representative subgeneric 
formulae Ia-Iw: 
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It should be understood that the R groups which are 
substituted in the above formulae Ia-IW are located at any 
suitable and compatible position of each of the rings of the 
bicyclic system. 
A special embodiment of this invention includes those 

compounds of the above formulae Ia-Iw where Ar II is 
thienyl, phenyl, naphthyl, pyridyl, quinolinyl, indolyl, 
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furanyl, imidazolyl, 2(1H)-pyridonyl, 1 (2H)-isoquinolonyl, 
thiazolyl and cycloalkyl, Phenyl, thienyl naphthyl,or 
cycloalkyl are preferred. 

A further special embodiment of this invention includes 
those compounds which are most preferred. These are 
described by the following formulae: 

(Rea \ )°_3 

’ Lei \ I N/X m 

(Re: 

Ar II is phenyl, naphthyl, thienyl, cyclohexyl or cyclo 
pentyl; and 

X ‘m a bond, methyl, ethyl, propyl or (CI-IR1),,,—Z— 
(CHR1),, where Z is 0, NR’, and n and m are 0-1 and n+m 
is 0 or 1. ' 

wherein 

The preferred classes of compounds include: 

-continued 

Compounds within the scope of this invention inhibit the 
growth factor induced autophosphorylation of PDGF and/or 
EGF receptors. It is believed that therapeutically useful PTK 
inhibiting compounds should not have appreciable activity 
as inhibitors of serine or threonine kinase systems. In 
addition these compounds should inhibit growth factor 
induced cell proliferation. Compounds meeting these criteria 
are of considerable value and are particularly useful in the 
practice of the present invention. Compountk exhibiting 
selectivity for either of the above receptors are described 
herein. 
The most preferred compounds are described where R is 

hydroxy, methoxy, ethoxy, chloro, bromo, ?uoro or trifluo 
romethyl. 

It is intended that the N-oxides of the above-described 
N-heteroaryl rings are encompassed within the scope of this 
invention. 
The compounds of this invention may be useful in the 

form of the free base, in the form of salts and as a hydrate. 
All forms are within the scope of the invention. Acid 
addition salts may be formed and are simply a more con 
venient form for use; and in practice, use of the salt form 

30 inherently amounts to use of the base form. The acids which 

35 

45 

SO 

55 

65 

can be used to prepare the acid addition salts include 
preferably those which produce, when combined with the 
free base, pharmaceutically acceptable salts, that is, salts 
whose anions are non-toxic to the animal organism in 
pharmaceutical doses of the salts, so that the bene?cial 
properties inherent in the free base are not vitiated by side 
effects ascribable to the anions. Although pharmaceutically 
acceptable salts of said basic compound are preferred, all 
acid addition salts are useful as sources of the free base form 
even if the particular salt per se is desired only as an 
intermediate product as, for example, when the salt is 
formed only for purposes of puri?cation and identi?cation, 
or when it is used as an intermediate in preparing a phar 
maceutically acceptable salt by ion exchange procedures. 

Pharmaceutically acceptable salts within the scope of the 
invention include those derived from the following acids: 
mineral acids such as hydrochloric acid, sulfuric acid, phos 
phoric acid and sulfamic acid; and organic acids such as 
acetic acid, citric acid, lactic acid, tartaric acid, malonic acid, 
methanesulfonic acid, ethanesulfonic acid, benzenestllfonic 
acid, p-toluenesulfonic acid, cyclohexylsulfamic acid, qui 
nic acid, and the like. 
The corresponding acid addition salts comprise the fol 

lowing: hydrochloride, sulfate, phosphate, sulfamate, 
acetate, citrate, lactate, tartrate, methanesulfonate, 
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, 
cyclohexylsulfamate and quinate, respectively. 
The acid addition salts of the compounds of this invention 

are prepared either by dissolving the free base in aqueous or 
aqueous-alcohol solution or other suitable solvents contain 
ing the appropriate acid and isolating the salt by evaporating 
the solution, or by reacting the free base and acid in an 
organic solvent, in which case the salt separates directly or 
can be obtained by concentration of the solution. 
The compounds of this invention may be prepared by 

employing procedures known in the literature starting from 
known compounds or readily preparable intermediates. 
Exemplary general procedures follow. - 
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In general the compounds useful for the method of 
inhibiting cell proliferation may be prepared by the coupling 
reaction of a palladium catalyzed aryl or heteroaryistannane OH 'l‘fzo; Py 
with an aryl or heteroarylhalide or tri?ate. —’ 

5 

(R),l A B——X n 

OH 

®+ @ \W \ (RM 10 I / 
' N “so 

where X is halogen or tri?ate andY is trialkylstannane and 20 
R and n are as previously described. 

Preparation of aryl or heteroaryl substituted quinolines 
may be prepared as follows. 

(100.3 (R M 
\/ CH0 , crro 

’ i [H] (I (R 
\ N02 \ NHZ 

(R o a 0 (R 0a 0 

E. [H1 

OR H 

(Rh; (1%.; (R<3\ 
/ N/ /\N/ 

if X = halogen or tri?ate, thenY = trialkylstannane 
if X : trialkylstannane, then Y = halogen or tri?ate 

(RM-3 

The tri?ate may be prepared from the corresponding 
alcohol with tri?ic anhydride (tri?uoromethanesulfonic 
anhydride) in pyridine 

50 

(Ry-3 
\ \ "H20 Py -continued I _OH_’. 
/ N) 55 

( ) HO OTf 
R 0-3 v 

\ \ \ \ roomy 
I —OTf 60 N 

65 
Other tri?ates suitable for coupling with the aryl and 

heteroarylstannanes may be prepared in a similar manner. 

|\ 
N 
l 
Me 

Tri?ates may also be prepared from 2(1 H) or 4(1 H) 
quinolones as shown by the following. 
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The tri?imide such as used in the above reaction may also 
be used to prepare compounds having a particular substitu 
tion such as the following compound. 

SnMeq 

mo \ 
+ ——> 

MeO / 
N 

M=o \ 

MeO / 
N 

The aryl and heteroarylstannanes may be prepared from 
the corresponding halide (preferably bromide or iodide) by 
conversion to the aryllithium (by reaction with t-butyl 
lithium at decreased temperatures, preferably about -78° C. 
followed by reaction with a halotrialkylstannane. The fol 
lowing reaction schemes give a representative list of stan 
nanes prepared and the reaction conditions involved. 

5! 1) t-Buli 
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/ 2) MG3SI1Q 
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continued 
Bt 1) t-Bula' 
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35 

Further methods which may be employed in the prepa 
ration of stannanes of this invention include the following. 

(1 .) by the action of trimethyltin sodium on aryl halides as 
described in Chem. Pharm. Bull. 1982, 30, 1731-1737: 

B: 51104‘): 

4S / / 

\ | \ | 
N N 

or MWJSILNI or 

50 

’| (1 \ \ 
N Br N Sn(Me)3 

55 

(2.) by heteroatom directed aromatic lithiation process: 

0 .2. 

QB Maw-C. 

60 
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-continued 

U Sn(Me)3 and S 

(3.) by halogen-lithium exchange: 
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The following are representative coupling reactions 
which show the preparation of compounds used for the 
inhibition of cell proliferation 
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14 
-continued 
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Of course various methods may be employed depending 
on the reactants involved. Thus, for example, in order to 
prepare 

/ 
N OCH; 

the following methods may be used: 

Method 

R\ B I‘ Ki \ 
l / R/ 

N ocn3 

+ 

/ 
N OCH3 
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Method B: 

'\ \ 

6,5 
M a | \ LE2)‘ 

N/ OCH: 990. 

W kl | 
\ I \ 

OCH: 

MethodC: 

\ \ 0“ 

n-—E / + R/ 
M'asn l \ Plath)‘ 

/ 0cm liclfgléC. 

R 

m; 
\ l \ 

OCH: 

MethodD: 

\ \ SnMe; 

P53 + / / 
R 

B \ Pd(PPha)4 
I W’ 
N/ OCH: 95%: 

/R / 

1st” | ‘/\ \ 
R l 

/ 
3 

5 

1O 

3O 
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16 
When it is desired that the ?nal product include a 2-(1H) 

pyridone or 4-(1H) pyridone ring then it is convenient to 
carry out the condensation on the 2- or 4-alkoxy pyridine 
followed by selective dealkylation. This can be seen by the 
following representative scheme. 

H3CO \ on? 
+ 

/ 
naco N 

M4511 \ 11c: (300M %) 
I Pd(PPh3)4 (5M %) 
/ dioxane 110° C. 

N ocn, 

/ 3 

Py — HCl 
H co 
3 \ \ 160° c.; 5 min 

/ 
naco N 

o 
/ 

H360 \ \ NH 

/ 
11300 N 

More speci?cally preparation of aryl or heteroaryl sub 
stituted 2(1H)-pyridones may be found in US. Pat. Nos. 
3,715,358; 3,718,743; 4,465,686 and 4,599,423. Substituted 
phenyl pyridine preparation may be found in J. Am. Chem. 
Soc. 111, 877-891 (1989). 

Thus it will be a matter of condensing two rings as shown 
above under the methods described and/or in the art in order 
to obtain the compounds useful in the practice of inhibition 
of cell proliferation of this invention. The following repre 
sentative compounds are prepared as shown belovn 

5-(2,4,5-trihydroxypheny1)-2(1H)-pyridone, 
5-(1,4-dihydroxynaphth-2-yl)-2(1H)-pyridone, 
5-(2,5-dihydroxypheny1)-2(1H)-pyridone, 
5 -(2,5-dihydroxy-4-t-butylphenyl)-2(1H)-pyridone, 
3-(2,5-dihydroxypheny1)-4(1I'I)-pyridone, 
3-(2,5-dihydroxy-4-t-butylphenyl)-4(1H)-pyridone, 
3-(thien-3-yl)-6,7-dimethoxyquinoline, 
3-(pyrid-3-y1)indole, 
2-(2,5-dihydroxy-4t-buty1phenyl)pyridine and 
4-(2,5 -dihydroxypheny1)-l (2H)-isoquinolone. 
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[13(1) arr 
\ s “(0) 

4. 

/ \ / 
H360 N 

SnMe; 

I 

S M 
\ n 63 \ 1)ra(o) 

I / + 2) NaOI-I 
N N I 

502C133 

\ 

OCH; 
OCHQ 

| Mo) 
4- N 

M63511 

OCH; 

20 

[13m \ 

/ 
H300 N 

H 
N 

l / 

/ 

I HO N/ 
N/ Br \ 
\ \ MeO | N/ + 22y,“ Yip/o 

SnMes MeO _> OH 

OCH; 0 
G30 / I HBr H0 / 

\ N —> \ NH 

(1130 H0 

The compounds of the present invention may be prepared 
by the following representative examples. 

EXAMPLE 1 

2-methoxy-5-trimethylstannylpyridine 
A solution of 1.74 g (9.26 mmol) of 2-methoxy-5 

bromopyridine, 3.84 mL (6.07 g; 185 mmol) of hexameth 
ylditin and 516 mg (0.446 mmol) of Pd (PPh3)4 in mL of dry 
toluene is ?ushed thoroughly with nitrogen and heated to 
90° C. for 4 hours. The mixture is then evaporated and 
ehromatographed on silica gel (eluting with hexane and then 
with 95:5 hexane/ethyl acetate) to give 2-methoxy-5 
trimethylstannylpyridine as a colorless oil which is used 
directly in the next step. 

EXAMPLE 2 

When the procedure of Example 1 is followed and 
2-methoxy-5-bromopyridine is replaced by the compounds 

50 

SS 

60 

65 

of Table I below, then the compounds of Table II below are 
prepared. (Methods outlined on pages 14 and may also be 
used.) 

TABLEI 

2-methoxyphenyl bromide 
3-methoxyphenyl bromide 
4-rnethoxypheny1 bromide 
2,3-dimethoxyphenyl bromide 
2,4-dimethoxyphenyl bromide 
2,5-dimethoxyphenyl bromide 
2,6-dimethoxyphenyl bromide 
3,4-dimethoxyphenyl bromide 
3,5-dimethoxyphenyl bromide 
3,4,5 -trimethoxyphenyl bromide 
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2,3,4~trirnethoxypheny1 bromide 
2,5-dimethoxy-4-t-buty1pheny1 bromide 
2,5-dimethoxy-4-pheny1pheuy1 bromide 
2,4dimethy1pheny1 bromide 
2,5-dimethy1pheny1 bromide 
Z-methyl-S -methoxypheny1 bromide 
4-ch10r0pheny1 bromide 
4-?uoropheny1 bromide 
2,5-dich1orophenyl bromide 
3,4-dich1oropheny1 bromide 
4-dimethy1aminophenyl bromide 
4-acetylaminophenyl bromide 
4-(N,N-dimethylaminocarbonyDphenyl bromide 
4-t-butoxycarbonylphenyl bromide 
4-(pyrro1idinocarbonyl)pheny1 bromide 
3,5-bis(tri?u0romethy1)phenyl bromide 
4-bromobiphenyl 
2-bromopyridine 
3-bromopyn'dine 
4-bromopyridine 
2-methoxy-5-bromopyridjne 
4-methoxy-5-bromopyridine 
?-methoxy-S-bromopyridine 
2,3-dimethoxy-5-bromopyridine 
2,4-dimethoxy-S-bromopyridine 
Z-acetylamino-S-bromopyridine 
Z-bmmothiophene 
3-br0mothiophene 
2-methoxy-3-bromothiophene 
2-methoxy-4-bromothiophene 
2-methoxy-S-bromothiophene 
S-methoxy-S-bromothiophene 
4»methoxy-2-bromothiophene 
3-bromofuran 
t-butyl 5-br0m0-2-furoate 
2-bromothiazo1e 
2-bromo0xazo1e 
1-methy1-3-bromopyrazo1e 
S-bromopyrimidine 
2-br0mopyrazine 
4-brom0pyridazine 
'-bromonaphtbalene 
2-bromonaphthalene 
2-bromo-6-methoxynaphthalene 
2-bromo-6,7-dimethoxynapl1?1alene 
2-br0moquinoline 
3-bron1oquino1ine 
4-bromoquino1iue 
S-bromoquinoline 
6-bromoquino1ine 
6,7-dimethoxy-3-bromoquino1ine 
G-methoxy-3-bromoquinoline 
7-methoxy-3-bromoqm'noline 
7,8-dimethoxy-3-bromoquin01ine 
6,7-dich10ro-3-bromoquinoline 
4-bromoisoquinoline 
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22 
3-bromoisoquino1ihne 
l-bromoisoquinoline 
6,7-dimethoxy-3-bromoisoquino1ine 
N -methanesulfonyl-3-bromoindole 
N -methanesulfonyl-S-brqmoindo1e 
N -methanesu1fony1-3-bromo-5 -methoxyindo1e 
N -methanesu1fony1-3-brom0-5 -chloroindo1e 
2-bromobenzothiophene 
3-bromobenzothiophene 
8-bromopurine 
7 -methyl-2-br0mopurine 
3-bromopyrido-[3,4-b]-pyridine 

TABLE II 

2-methoxypheny1 trimethylstannane 
3-methoxypheny1 trimethylstannane 
4-methoxypheny1 trimethylstannane 
2,3-djmethoxypheny1 trimethylstannane 
2,4-dimethoxypheny1 trimethylstannane 
2,5-dimethoxyphenyl trimethylstannane 
2,6-dimeth0xyphenyl trimethylstannane 
3,4dimethoxyphenyl trimethylstannane 
3,5-dimethoxypheny1 trimethylstannane 
3,4,5-trimethoxypheny1 trimethylstannane 
2,3,4-trimethoxypheny1 tn'methylstannane 
2,5-dimethoxy-4-t-buty1pheny1 trimethylstannane 
2,5-dimethoxypheny1pheny1 trimethylstannane 
2,4-dimethy1phenyl trimethylstzmnane 
2,5-dimethy1phenyl trimethylstannane 
2-methy1-5 -methoxypheny1 trimelhylstannane 
4-chloropheny1 trimethylstannane 
4-?uoropheny1 trimethylstannane 
2,5 -dich10r0phenyl trimethylstannane 
3,4-dich1orophenyl trimethylstannane 
4-dimethy1amin0pheny1 trimethylstannane 
4-acety1amin0pheny1 trimethylstannane 
4-(N,N-dimethylaminocarbony1)pheny1 trimethylstan 

nane 

4-t-butoxycarbonylpheny1 trimethylstannane 
4-(pyrr0lidinocarbony1)pheny1 trimethylstannane 
3,5 -bis(tri?uoromethy1)phenyl trimethylstannane 
4-trimethy1stanny1bipheny1 
2-trimethylstarmy1pyridine 
3-tn'methy1stannylpyridine 
4-trimethylstannylpyridine 
2-me[boxy-5-trimethy1stzmny1pyridine 
4-methoxy-5-trimethy1stannylpyridine 
?-melhoxy-S-trimethy1stanny1pyridine 
2,3-dimethoxy-5-trimethylstanny1pyridine 
2,4-dimethoxy-S-trimethy1stanny1pyridine 
2-acetylamino-S-trimethy1stanny1pyridine 
2-trimethylstannylthiophene 
3-trimethy1stanny1thiophene 
2-methoxy-3-trimethy1stanny1thiophene 
2-methoxy-4-trimethy1stanny1thiophene 
2-meth0xy-5-trimethy1stanny1thiophene 
3-methoxy-5-trimethy1stanny1thiophene 
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4-methoxy-2-trimethylstannylthiophene 
3-trimethylstannylfuran 
t-butyl S-trimethylstannyl-Z-furoate 
Z-trimethylstannylthiazole 
Z-trime thylstannyloxazole 
1-methy1-3-trimethylstannylpyrazole 
S-trimethylstannylpyrmidine 
Z-trimethylstannylpyrazine 
4-trimethylstannylpyridazine 
l-trimethylstannylnaphthalene 
Z-trimethylstannylnaphthalene 
2-lrimethylstannyl-tS-methoxynaphthalene 
2-trimethy1stannyl-6,7-dimethoxynaphthalene 
Z-trimethylstannylquinoline 
3-trimethylstannylquinoline 
4-trimethylstannylquinoline 
S-trimethylstannylquinoline 
6-trimethylstannylquino1ine 
6,7-dimethoxy-3-trimethylstannylquinoline 
6-methoxy-3 -trimethylstannylquinoline 
7-methoxy-3-trimethylstannylquinoline 
7,8-dimethoxy-3-trimethylstannylquino1ine 
6,7-dichloro-3 -trime thylstannylquinoline 
4-trimethylstannylisoquinoline 
3-trirnethylstannylisoquinoline 
l-trimethylstannylisoquinoline 
6,7-dimethoxy-3-trimethylstannylisoquinoline 
N-methanesulfonyl-Ii-trime thylstannylindole 
N-methanesulfonyl-S -trimethylstannyliudo1e 
N-methanesulfonyl-B-trimethylstannyl-S-methoxyindole 
N -methanesulfonyl-3-trimethylstannyl-5 -choroindole 
Z-?methylstannylbenzothiophene 
B-trimethylstannylbenzothiophene 
S-Irimethylstannylpurine 
7-methyl-2-trimethylstanny1puline 
3-trimethylstannylpyrido-[3,4-b]-pyridine 

EXAMPLE 3 

6,7-dimethoxyquinolin-3-yl tri?uoromethanesulfonate, 
A solution of 1.84 g (8.98 mmol) of 3-hydroxy-6,7 

dimethoxyquinoline in mL of dry pyridine is cooled to 0° C. 
and 3.20 mL (5.38 g; 19.1 mmol) of tri?uoromethane 
sulfonic anhydride is added via syringe. The solution is 
allowed to warm to 22° C. and stirred for 4 hours. The 
solution is then partitioned between ethyl acetate (150 mL) 
and water (100 mL). The aqueous layer is back extracted 
with ethyl acetate (100 mL) and the combined organics dried 
(Na2SO4) and evaporated. The resulting residue is chro 
matographed on silica gel (eluting with chloroform) to give 
a white solid which is recrystallized from hexane to give 
6,7-dimethoxyquinolin- 3-yl tri?uoromethane-sulfonate. mp 
82.5°—85° C.) 

EXAMPLE 4 

When the procedure of Example 3 is followed and 
3-hydroxy-6,7-dimethoxyquinoline is replaced by the com 
pounds of Table III below, then the products of Table IV are 
prepared 

TABLE III 

phenol 
Z-methoxyphenol 
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3-methoxypheno1 
4-methoxyphenol 
2,3-dimethoxyphenol 
3,4-dimethoxyphenol 
3,5-dimethoxyphenol 
3,4,5 -trimethoxyphenol 
2-ch1oropheno1 
3-chloropheno1 
4-ch1orophenol 
4-bromophenol 
2,4-dich1orophenol 
2,5 -dichloropheno1 
3,5-dichlorophenol 
3,5-bis(tri?uoromethyl)phenol 
3-dimethylaminophenol 
o-cresol 

m-cresol 

p-cresol 
a,a,u.-tri?uoro-p-creso1 
3-ethy1phenol 
4-tert-butylphenol 
2,4-dirnethylphenol 
2,5-dimethylphenol 
3,4-dimethy1phenol 
4-benzyloxyphenol 
4-phenylphenol 
2-phenylphenol 
2,3,5 -trimethyphenol 
4-nitrophenol 
4-acetylaminophenol 
2-bromo-4-methylphenol 
3'-hydroxyacetophenone 
4‘-hydroxyacetophcnone 
methyl 3-hydroxybenzoate 
methyl 4-hydroxy-3-methoxybenzoate 
N ,N -dirne thy1-4-hydroxybenzamide 
l-naphthol 
2-naphthol 
6-methoxy-1-naphthol 
6-methoxy-2-naphthol 
6,7-dimethoxy-1-naphthol 
6,7-dimethoxy-2-naphtho1 
5,8-dimethoxy-2-naphtho1 
6-bromo-2-naphtho1 
2-hydroxyquinoline 
2-hydroxy-4-methy1quinoline 
6,7-dimethoxy-2-hydroxyquinoline 
3-hydroxyquinoline 
4-hydroxyquinoline 
6,7-dimethoxy-4-hydroxyquinoline 
7-chloro-4-hydroxyquinoline 
1 -hydroxyisoquinoline 
S-hydroxyisoquinoline 
Z-hydroxypyridine 
3-hydroxypyn'dine 
4-hydroxypyridine 
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2,3-dimethoxy-S-hydroxypyridine 
5-chloro-2-pyridinol 
5-chloro-3-pyridinol 
3-hydroxypicolinamide 

TABLE IV 

phenyl tri?uoromethane sulfonate 
2-methoxyphenyl tri?uoromethane sulfonate 
S-methoxyphenyl tri?uoromethane sulfonate 
4-methoxypl1enyl tri?uoromethane sulfonate 
2,3-dimethoxyphenyl tri?uoromethane sulfonate 
3,4-dimethoxyphenyl tri?uoromethane sulfonate 
3,5-dimethoxyphenyl tri?uoromethane sulfonate 
3,4,5-trimethoxyphenyl tri?uoromethane sulfonate 
2-chlorophenyl tri?uoromethane sulfonate 
S-chlorophenyl tri?uoromethane sulfonate 
4-chlorophenyl tri?uoromethane sulfonate 
4-bromopheno1 tri?uoromethane sulfonate 
2,4-dichlorophenyl tri?uoromethane sulfonate 
2,5-dich1orophenyl tri?uoromethane sulfonate 
3,5-dichlorophenyl tri?uoromethane sulfonate 
3,5-bis(tri?uoromethyl)phenyl tri?uoromethane sulfonate 
3-dimethylaminophenyl tri?uoromethane sulfonate 
o-cresyl tri?uoromethane sulfonate 
m-cresyl tri?uoromethane sulfonate 
p-cresyl tri?uoromethane sulfonate 
0t,a,a-tri?uoro-p-cresy1 tri?uoromethane sulfonate 
3-ethylphenyl tri?uoromethane sulfonate 
4-tert-buty1phenyl tri?uoromethane sulfonate 
2,4dimethylphenyl tri?uoromethane sulfonate 
2,5-dimethylphenyl tri?uoromethane sulfonate 
3,4-dimethylphenyl tri?uoromethane sulfonate 
4-benzyloxyphenyl tri?uoromethane sulfonate 
2-phenylphenyl tri?uoromethane sulfonate 
4~phenylphenyl tri?uoromethane sulfonate 
2,3,5-trimethyphenyl tri?uoromethane sulfonate 
4-nitrophenyl tri?uoromethane sulfonate 
4-acetamidophenyl tri?uoromethane sulfonate 
2-bromo-4-methylphenyl tri?uoromethane sulfonate 
3-acetylphenyl tri?uoromethane sulfonate 
4-acety1phenyl tri?uoromethane sulfonate 
3-methoxycarbonylphenyl tri?uoromethane sulfonate 
2-methoxy-4-methoxycarbonylphenyl tri?uoromethane 

sulfonate 

4-N,N-dimethylaminocarbonylphenyl tri?uoromethane 
sulfonate 

naphth-l-yl tri?uoromethane sulfonate 
naphth-2-yl tri?uoromethane sulfonate 
6-methoxynaphtl1-1-y1 tri?uoromethane sulfonate 
6-methoxynaphth-2-yl tri?uoromethane sulfonate 
6,7-dimethoxynaphth-1-yl tri?uoromethane sulfonate 
6,7-dimethoxynaphth-2-yl tri?uoromethane sulfonate 
5,8-dimethoxynaphth-2-yl tri?uoromethane sulfonate 
6-bromonaphth-2-yl tri?uoromethane sulfonate 
quinolin-Z-yl tri?uoromethane sulfonate 
4-methylquinolin-2-yl tri?uoromethane sulfonate 
6,7-dimethoxyquinolin-2-yl tri?uoromethane sulfonate 
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26 
quinolin-2-yl tri?uoromethane sulfonate 
quinolin-4-yl tri?uoromethane sulfonate 
6,7-dimethoxyquinolin-4-yl tri?uoromethane sulfonate 
7-chloroquinolin-4-yl tri?uoromethane sulfonate 
isoquinolin-l -y1 tri?uoromethane sulfonate 
isoquinolin-S-yl tri?uoromethane sulfonate 
pyridin-2-yl tri?uoromethane sulfonate 
pyridin-3-yl tri?uoromethane sulfonate 
pyridin-4-yl tri?uoromethane sulfonate 
2,3-dimethoxypyridin-5-yl tri?uoromethaue sulfonate 
5 -chloro-2-pyridin-2-yl tri?uoromethane sulfonate 
5-chloro-3-pyridinyl tri?uoromethane sulfonate 
picolin-3-amido tri?uoromethane sulfonate 

EXAMPLE 5 

2.5-dirnethoxy-4-t-butylphenyl iodide 
A stirred solution of 3.00 g (15.5 mrnol) of 1,4 

dimethoxy-2-t-butylbenzene (obtained by methylation of 
t-butyl hydroquinone with sodium hydride and methyl 
iodide in tetrahydrofuran) and 2.52 g (21.7 mmol) of tet 
ramethylethylenediamine in 50 mL of anhydrous ether under 
nitrogen is cooled to 0° C. and 8.66 mL (21.7 mrnol) of 
n-butyllithium (2.5M in hexane) is added over. a 5 minute 
period. The mixture is warmed to 22° C., stirred for 18 hours 
and then cooled back to 0'’ C. The reaction is quenched with 
7.86 g (30.9 mrnol) of iodine in 30 mL of tetrahydrofuran 
and partitioned between ethyl acetate (200 mL) and 10%‘ 
NaHSO3 (300 mL). The organic layer is washed with water 
(50 mL), brine (50 mL), dried (MgSO4) and evaporated to 
give a brown, partially crystalline oil which is chromato 
graphed on silica gel (eluting with 98:2 hexane/ethyl 
acetate) to give crude product which is recrystallized from 
hexane to obtain 2,5-dimethoxy-4-t-butylpheny1 iodide m p 
8.5°—82.5° C.) 

EXAMPLE 6 

When the procedure of Example 5 is followed and the 
appropriate starting material is used, the following com 
pounds of Table V may be prepared. 

TABLE V 

2,3-dimethoxyphenyl iodide 
2,3,4-trimetl1oxyphenyl iodide 
2,4-dimethoxy-3-t-butylpheny1 iodide 
4-iodo~1,3-benzodioxole 

EXAMPLE 7 

5-(3,4-dimethoxyphenyl)-2-methoxypyridine 
A solution of 2.00 g (6.64 mrnol) of 

4-trimethylstannylveratrole, 2.49 g (13.2 mmol) of 
2-methoxy-5-bromopyridine and 370 mg (0.332 mrnol) of 
Pd (PPh3)4 in 30 rnL of dry dimethylformamide is ?ushed 
thoroughly with nitrogen and heated to 90° C. for 12 hours. 
The reaction mixture is partitioned between ethyl acetate 
(150 mL) and water (100 mL). The aqueous layer is back 
extracted with ethyl acetate (100 mL) and the combined 
organics are washed with brine (75 mL), dried (MgSO4) and 
evaporated to give a crude yellow oil. The oil is chromato 
graphed on silica gel (eluting with 95:5 hexane/ethyl acetate 
and then with 9:1 hexane/ethyl acetate) which gives 5-(3,4 
dimethoxy-phenyl)-2-methoxypyridine m.p 83°—84° C.) 

‘EXAMPLE 8 

When the procedure of Example 7 is followed and 
2-methoxy-5-bromopyridine is replaced with the brorno 
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compounds of Example 2, Table I, then the corresponding 
products are obtained. 

EXAMPLE 9 

When the procedure of Example 7 is followed and 
4-trimethylstannylveratrole is replaced by the stannanes of 
Example 2, Table II, then the corresponding products are 
obtained. 

EXAMPLE 10 

When the procedure of Example 7 is followed and 
Z-methoxy-S-bromopyridine is replaced with the bromo 
compounds of Example 2, Table I and 
4-trimethylstannylveratrole is replaced by the stannanes of 
Example 2, Table II, then the corresponding products are 
obtained. Arepresentative list of compounds so prepared are 
shown below In Table VI. 

TABLEVI 

2-(2,3,4-trimethoxyphenyl)pyridine 
2,3-dimethoxy-6-(thien-3-yl)naphthaylene 
3-(2,3-dimethoxypbenyl)quinoline 
3-(benzothien-3-yl)quinoline 
4-(phenyl)phenyl-1,4-dimethoxybenzene 
242,5-dimethoxyphenyl)naphthaylene 
5-(2,5-dimethoxyphenyl)pyrimidine 
S-phenyl-1,2,4-trimethoxybenzene 
2-methoxy-5-(2,3,5—trimethoxyphenyl)pyridine 
2-methoxy-5-(1,4-dimethoxynaphth-2-yl)pyridine 
3-(2,5-dimethoxyphenyl)thiophene 
2-methoxy-S-(2,5-dimethoxy-4-phenyl)phenylpyridine 
3,6-dihydroxy-4—phenylveratrole 
4-(2,5-dimethoxyphenyl)veratrole 

EXAMPLE 11 

3-(2-methoxypyridin-5,yl)~6,7-dimethoxyquinoline 
A mixture of 800 mg (2.94 mmol) of 2-methoxy-5 

trimethylstannyl-pyridine, mg (2.94 mmol) of 6,7 
dimethoxyquinolin-El-yl tri?uoromethane sulfonate, 374 mg 
(8.82 mmol) of anhydrous lithium chloride and 170 mg 
(0.147 mmol) of Pd(PPh,)hd in 15 mL of anhydrous dioxane 
is ?ushed thoroughly with nitrogen and re?uxed for 6 hours. 
The mixture is diluted with ethyl acetate (100 mL), washed 
with saturated NaHCO3 (75 mL), dried (Na2SO4) and 
evaporated. The resulting residue is chromatographed on 
silica gel (eluting with chloroform) to give a solid material 
which is recrystallized from ethyl acetate to give 3-(2 
methoxypyrid-S-yl)-6,7-dimethoxyquinoline m.p. 
170.5'-1715° C. 

EXAMPLE 12 

When the procedure of Example 11 is followed and 
2-methoxy-S-trimethylstannylpyridine is replaced by the 
stannanes of Example 2, Table II, then the corresponding 
products are obtained. 

EXAMPLE 13 

When the procedure of Example 11 is followed and 
6,7-dimethoxy-quinolin-3-yl tri?uoromethane sulfonate is 
replaced by the tri?ates of Example 4, Table IV, then the 
corresponding products are prepared. 

EXAMPLE 14 

When the procedure of Example 11 is followed and 
2-methoxy-5-trimethylstannylpyridine is replaced by the 
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28 
stannanes of Example 2, Table II, and 6,7 
dimethoxyquinolin-S-yl tri?uoromethane sulfonate is 
replaced by the tri?ates of Example 4, Table IV, then the 
corresponding products are prepared. Arepresentative list of 
compounds so prepared is shown below in Table VII. 

TABLE VII 

3-(thien-3-yl)-6,7-dimethoxyquinoline, mp. 116°-118° C. 
2-methoxy-5-(3,4,5-trimethoxyphenyl)pyridine, m.p. 

71°—72° C. 

4-(thien-3-yl)-6,7-dimethoxyquinoline, m.p. 134°—135° 
C. 

2-(thien-3-yl)-6,7-dimethoxyquinoline, 135.5°—138° C. 
3-(quinolin-3-yl)-6,7-dimethoxyquinoline, m.p. 

190.5°—l91° C. 
3-(thien-3-yl)-6,7-dichloroquinoline, m.p. 167°—167.5° 

C. 

3-(thien-3-yl)-7-methoxyquinoline, m.p. 122°-124° C. 
3-(3,4-dichloropheny1)-6,7-dimethoxyquinoline, m.p. 

184°—186° C. 
3-(4-methoxyphenyl)-6,7-dimethoxyquinoline, m.p. 

162.5°—164.5° C. 
3-(naphth-2-yl)-6,7-dimethoxyquinoline, m.p. 

162.50°—165° C. 
3-(4-phenyl)phenyl-6,7-dimethoxyquinoline, m.p. 

143°—145° C. 
3-(thien-2-yl)-6,7-dimethoxyquinoline, m.p. l22.5°—124° 

3-(S-methoxythien-Z-yl)-6,7-dimethoxyquinoline 
(111°-113° C. 

4-phenyl-6,7-dimethoxyquinoline, m.p. 124°—125° C. 
3-(5-chlorothien-2-yl)-6,7-dimethoxyquinoline 

(131.5°-132° C. 

5-(2,5-dimet.hoxyphenyl)pyridine, m.p. 92.5°—94.5° C. 
5-(2,5-dimethoxyphenyl)-2-methoxypyridine (oil) 

EXAMPLE 15 

2.methoxy-5-[(2,5-dimethoxy-4»t-butyl)phenyl]pyridine 
When the procedure of Example 7 is followed and 

4-trimethylstanny1veratrole is replaced with 2-methoxy-5 
trimethylstannylpyridine and 2-methoxy-5-bromopyridine 
is replaced with 2,5-dimethoxy-4-t-buty1phenyl iodide from 
Example 5, then the compound prepared is 2-methoxy-5 
[(2,5-dimethoxy-4-t-butyl)phenyl] pyridine as an oil. 

EXAMPLE 16 

5[(2,5-dimethoxy-4-t-butyl)phenyl1pyridine 
When 2-methoxy-5-trimethylstannylpyridine in Example 

15 is replaced by S-trimethylstannylpyridine, the compound 
prepared is 5{(2,5-dimethoxy-4-t-butyl)phenyl] pyridine 
m.p. 92.5°-94.5° C. 

EXAMPLE 17 

A mixture of 252 mg (0.837 mmol) of 2-methoxy-5-[(2, 
5-dimethoxy-4-t-butyl)-phenyl] pyridine and 7.0 g of pyri 
dine hydrochloride is heated to 210° C. for 1 hour, cooled 
and diluted with 60 mL of water. The mixture is cooled 10 
0° C., ?ltered, and recrystallized from methanol to obtain 
5-[(2,5-dihydroxy4-t-butyl)-phenyl]-2(1H)-pyridone [m.p. 
270°—S° C.(softens)>300° C.(dec)]. 



Re. 36,256 
29 

EXAMPLE 1:; 

5-[(2,5-dihydroxy-4-t-butyl)phenyl)pyridine 
When the procedure of Example 17 is followed and 

2-methoxy-5-[(2,5—dimethoxy-4-t-butyl)phenyl]pyridine is 
replaced by 5-[2,5-dimethoxy-4-t-butyl)phenyl] pyridine, 
the product obtained is 5-[(2,5-dihydroxy-4-t-buty1)phenyl] 
pyridine m.p. 202°—204° C. 

EXAMPLE 19 

5~(2,5~dihydroxyphenyl)-2(1H)-pyridone 
A solution of 502 mg (2.05 mmol) of 2-methoxy-5-(2,5 

dimethoxyphenyl)pyridine in 20 mL of 48% hydrobromic 
acid (aqueous) is re?uxed for 6 hours, cooled to ca. 25° C. 
and diluted with 150 mL of water. The mixture is neutralized 
with solid NaHCO3, cooled to 0° C. and the resulting solid 
product collected by ?ltration. The solid is washed well with 
water, collected by centrifugation, then further puri?ed by 
recrystalization in methanol to obtain 5-(2,5 
dihydroxyphenyl)-2(1H)-pyridone m.p. 303°—306° C. dec). 

EXAMPLE 20 

When the procedure of Example 19 is followed and 
2-methoxy~5-(2,5dimethoxyphenyl)pyridine is replaced by 
2-methoxy-5-(3,4-dimethoxyphenyl)pyridine, 2-methoxy 
5-(3,4,5-trimethoxyphenyl)pyridine or 5~(2,5 
dimethoxyphenyl)pyridine, then the compounds prepared 
are 5-(3,4-dihydroxy-phenyl)-2(1H)-pyridone m.p. 
307°-310° C.); 5-(3,4,5-trihydroxyphenyl)-2(1H)-pyridone 
m.p. 300° C.) and 5-(2,5-dihydroxyphenyl)pyridine m.p. 
216°—218° C.). 

EXAMPLE 21 

When the procedure of Example 17 is followed and 
2-methoxy-5-[(2,5-dimethoxy-4-t-butyl)phenyl]pyridine is 
replaced by 2-methoxy-5-(6,7-dimethoxy-quinolin-3-yl) 
pyridine and the reaction is carried out at 160° C. for 5 
minutes, then the product prepared is 5-(6,7 
dimethoxyquinolin-3-yl)-2(1H)-pyridone m.p. 259°—261° 
0.). 

EXAMPLE 22 

3-(6.7-dimethoxyquinoliu-3-yl)pyridine 
Asolution of 600 mg (3.37 mmol) of methyl N-2-(pyrid 

3-yl)vinylcarbamate in 10 mL of 6N H2804 is re?uxed for 
10 minutes, cooled to 0° C. and basi?ed to pH 11 with 50% 
NaOH. A solution of 400 mg (2.03 mmol) of 2-amino-4,5 
dimethoxybenzaldehyde is immediately added and the mix 
ture re?uxed for 2.5 hours, cooled to 22° C. and partitioned 
between ether (150 mL) and Water (100 mL). The aqueous 
layer is back extracted with chloroform and the combined 
organics are dried (MgSO4) and evaporated to obtain an oil 
which is recrystallized from hexane/ethyl acetate twice to 
give 3-(6,7-dimethoxyquinolin-3-yl)pyridine m.p. 
131°-132° 0.). 

EXAMPLE 23 

3-(indol-3-yl)-6.7-dimethoxyquinoline 
A solution of 800 mg (5.03 mmol) of indol-3 

ylacetaldehyde (obtained from diisobutylaluminum hydride 
reduction of the ester and used immediately) and 800 mg 
(4.42 mmol) of 2-amino-4,5-dimethoxybenzaldehyde in 15 
mL of ethanol is ?ushed thoroughly with nitrogen, treated 
with 0.5 mL of 1M NaOH and heated to 80° C. for 3 hours. 
The mixture is cooled to 22° C. and partitioned between 
chloroform (150 ml) and brine (100 mL). The organic layer 
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30 
is dried (MgSO4) and evaporated and the dark brown residue 
that results is chromatographed on silica gel (eluting with 
97.5:25 chloroform/methanol). The product obtained is 
further chromatographed on silica gel (eluting with 98:2 
ethyl acetate/methanol) and the resulting product is recrys 
tallized from ethyl acetate to give 3-(indol-3-yl)-6,7 
dimethoxyquinoline m.p. 204°—206° C.). 

EXAMPLE 24 

When the procedure of Example 23 is followed and 
2-amino-4,5-dimethoxybenza.ldehyde is replaced with 
2-aminobenzaldehyde, then the product prepared is 3-(1'ndol 
3-yl)quinoline m.p. 173°—175° C.). 

EXAMPLE 25 

When the procedure of Example 23 is followed and 
indol-3-yl-acetaldehyde is replaced by phenylacetaldehyde 
then the product prepared is 3-phenyl-6,7 
dimethoxyquinoline m.p. 126.5°—128°\C.) 

EXAMPLE 26 

6,7-dimethoxy-4-hydroxy-3-(thien-3-yl)-2(1H)-quinoline 
A mixture of (0.632g) 3,4-dimethoxyaniline, (1.00 g) 

diethyl thien-3-ylmalonate and (20 ml) diphenyl ether are 
heated at approximately 200° C. for 4 hours. The reaction 
mixture is extracted with 0. IN NaOH solution and the 
alkaline solution then acidi?ed with IN HCl and cooled in an 
ice water bath. The precipitate is collected, Washed with 
ether and dried. The solid is then heated in EtOH, ?ltered 
and the ?ltrate evaporated in vacuo to give a light brown 
solid which is triturated with ether, ?ltered, and dried to give 
6,7-dimethoxy-4-hydroxy-3-(thien-3-yl)-2(1H)quinoline 
m.p. 300° C. dec.). 

EXAMPLE 27 

2-(thien-2-yl)-4-carboxy-6,7-dimethoxyquinoline 
To a boiling solution of 2-thiophenecarboxaldehyde (1.22 

ml), pyruvic acid (0.904 ml) and 50 ml absolute EtOH is 
added dropwise a solution of 3,4-dimethoxyanilir1e (2.00 g) 
in 100 ml EtOH. The mixture is re?uxed for approximately 
4 hours, then stored at room temperature overnight. The 
greenish-yellow precipitate is collected by ?ltration, washed 
with fresh EtOH then with ether and allowed to air dry to 
obtain 2-(thien-2-yl) carboxy-6,7-dimethoxyquinoline m.p. 
260°—263° C.). 

EXAMPLE 28 

When the procedure of Example 26 is followed and 
2-thiophenecarboxaldehyde is replaced with 
3-pyridinecarboxaldehyde or Z-midazolcarboxaldehyde, 
then the products prepared are 2-(pyrid-3-yl)-4-carboxy-6, 
7-dirnethoxyquinoline m.p. 275° C. dec) and Z-(imidazol 
2-yl)-4-carboxy-6,7-dimethoxyquinoline m.p. 300° C. dec). 

EXAMPLE 29 

2-(N-phenylsulfonylindol-3-yl)-4-carboxy-6,7 
dimethoxyquinoline 
Pyruvic acid (0.486 ml) is added to a suspension of (2.00 

g) of N-phenyl-sulfonyl-3-indolecarboxaldehyde in 100 ml 
absolute EtOH. The mixture is heated to re?ux and a 
solution of 3,4dimethoxyaniline (1.074 g) in 50 ml absolute 
EtOH is added dropwise. The reaction is then re?uxed for 
approximately three hours and stirred at RT for 72 hours. 
The yellow precipitate is collected by ?ltration, washed with 
EtOH then with ether and the solid collected. This is 
triturated with EtOAC/EtOH and dried and used directly in 
the next step. 
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EXAMPLE 30 

2-(indol-3-yl)-4-carboxy-6,7.dimethoxyquinoline 
A stirred solution of (0.547 g) of 2-(N 

phenylsulfonylindol-3 -yl)-4-carboxy-6 ,7 
dimethoxyquinoline, K,C03 (0.380 g), MeOH (40 ml) and 
H20 (10 ml) are heated to re?ux. The MeOH is evaporated 
in vacuo, and the aqueous residue diluted with more H20, 
and acidi?ed with 0.lN HCl to pH between 6°—7 while 
contained in an ice-bath. An orange solid precipitates. This 
is collected, washed with ether then dried under vacuum (0.1 
mm at 22° C.) for a few hours to obtain 2-(indol-3-yl)-4 
carboxy-6,7-dimethoxyquinoline mp. 286' C. dee). 

EXAMPLE 31 

3-cyclohexylethyl-6,7-dimethoxyquinoline 
Step A 3-cyclohexylethynyl-6,7-dimethoxyquinoline 

This reaction is carried out under anhydrous conditions. 
Cyclohexylacetylene (700 mg; 6.47 mmol) in 10 mL. THF 
'5 cooled to 0° C. To this is added 2.5M n-BuLi (3.0 mL; 
7.44 mmol) and stirred for 30 min. at 0° C. under N2 atm and 
then 1.0M ZnCl2 (7.4 mL; 7.44 mmol). This is allowed to 
warm to room temperature and stirred for 3'4 hour. The 
reaction mixture is transferred via cannula to a ?ask con 
taining 6,7-dimethoxyquinolin-3-y1 tri?uoromethane sul 
fonate (500 mg; 1.48 mmol) and Pd(PPh3)4 (83 mg; 0.074 
mmol) in 4 mL of THF. This is then heated to 50° C. under 
N2 for 4% hours. The reaction mixture is then poured into 90 
mL of 10% NH4OH, diluted with CHCl, and stirred for 20 
min. The aqueous layer is separated, and the organic layer 
washed with brine, dried over MgSO4, ?ltered, evaporated 
and chromatographed with 4:1 hexane: EtOAc to obtain 
3-cyclohexylethynyl-6,7-dimethoxyquinoline, which is 
recrystallized from hexane, identi?ed by NMR and used 
directly in the next step. 
Step B 3-cyclohexylethyl-6,7-dimethoxyquinoline 
To 3-cyclohexylethynyl-6,7-dimethoxyquinoline (215 

mg; 0.73 mmol) in 10mL CHSOH and 20 mL glacial acetic 
add is added 22 mg 10% Pd/C. H2 is bubbled through the 
reaction mixture and then ?ltered, evaporated to dryness and 
diluted with distilled water. This is then neutralized with 
Na2CO,, extracted with EtOAc, washed with brine, dried 
(MgSO4), evaporated to dryness and chromatographed with 
8:2/hexane: EtOAc to obtain 3-cyclohexyl-ethyl-6,7 
dimethoxyquinoline. 
Calc’d: C: 76.22; H: 8.47; N: 4.69 
Found: C: 75.08; H: 8.32; N: 4.59 

EXAMPLE 32 

3-benzyloxy-6,7-dimethoxyquinoline 
To 3-hydroxy-6,7-dimethoxyquinoline (150 mg; 0.73 

mmol) in 3 mL THF is added benzyl bromide (0.13 mL; 188 
mg; 1.10 mmol) and Nail (59 mg; 1.46 mmol). This is stirred 
at room temperature for 1 hour and 25 mg of NaH added 
followed by 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H) 
pyrimidinone (DMPUXZSS mg; 2.07 mmol) and stirred at 
room temperature for 3% hours. The reaction mixture is 
partitioned between EtOAc and distilled H20 and extracted 
2x with EtOAc. The latter is washed with brine, dried 
(MgS04), ?ltered, evaporated to dryness and chromato 
graphed with 1% MeOH/CHCL, to obtain 3-benzyloxy-6,7 
dimethoxyquinoline mp. 146.5°—148.5° C.). 

EXAMPLE 33 

2,(thien-3-yl)-6,7-dimethylquinoxaline 
Step A 3-thienylglyoxaldehyde hydrate 
A mixture of selenium dioxide (5.276 g; 0.048 mol) in 

dioxane: water; 95:5 is heated to solution. To this is added 
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32 
S-acetylthiophene (4.00 g; 0.032 mol) and the mixture 
re?uxed for 5 hours. The precipitated selenium is ?ltered off 
and the ?ltrate concentrated in vacuo to give a yellow oil 
which is puri?ed by FPLC using 20%: 30%; EtoAc: hexane 
to obtain a yellow solid which is then recrystalized from 
water to obtain 3-thienylglyoxaldehyde hydrate, which is 
used directly in the next step. 
Step B 2-(thien-3-yl)-6,7-dimethylquinoxaline 
To a cooled stirring solution of 4,5-diamino-o-xylene 

(1 .00g; 6.3 mmol) in 20 ml. absolute ethanol is slowly added 
a solution of 3‘thienylglyoxaldehyde hydrate (0.662 g; 4.9 
mmol) in 20 ml. absolute ethanol. The mixture is re?uxed 
for 1.5 hours, cooled in an ice bath, ?ltered and the collected 
material is washed with hexane and dried in vacuo to obtain 
2-(thien-3-yl)-6,7-dimethylquinoxaline m.p. 142°—1435° 
C.). 

EXAMPLE 34 

When the procedure of example 33 is followed, and 
3-thienylglyoxaldehyde of Step B is replaced by the com 
pounds of Table VIII, below and 4,5-diamino-o-xylene of 
Step B is replaced by the compounds of Table IX, below, 
then the corresponding products are obtained. 

Table VIH 

3-thienylglyoxaldehyde 
glyoxal 
phenylglyoxal 
4-methoxy-a-oxobenzeneacetaldehyde 
3-?uoro-4-methoxy-a-oxobenzeneacetaldehyde 
a-oxo-y-phenylbutyraldehyde 
a-oxo-4-pyridineacetaldehyde 
a-oxo-3 -pyridine ace taldehyde 
a-oxo-2-pyridineacetaldehyde 
3,4-dimethoxy-ot-oxobenzeneaoetaldehyde 
a-oxo-2-thiophene ace taldehyde 
a-oxo-3-thiophene ace taldehyde 
5-chloro-a-oxo-2-thiopheneacetaldehyde 
S-?uoro-a-oxo-Z-thiopheneacetaldehyde 
2,3-butanedione 
pyravic aldehyde 
5 -(4-chlorophenyl)-o.-oxo-2-thiopheneacetaldehyde 
5-(5-chloro-2-thienyl)-a-oxo-2-thiopheneacetaldehyde 
4-cyano-a-oxobenzeneacetaldehyde 
4-(1H-tetraml-5-yl)-a-oxobenzeneaceta1dehyde 
5-bromo-0.-oxo-2-thiophenacetaldehyde 

'IlABLE IX 

4,5 -diamino-0-xylene 
1,2-diaminobenzene 
4,5-dimethyl-1,2-diaminobenzene 
4,5 -dimethoxy-1 ,2-diaminobenzene 
3,5 -dimethyl-1,2-dia.minobenzene 
3,5-dimethoxy-1,2-diaminobenzene 
2,3-diaminopyridine 
3,4-diaminopyridine 
3,4-diaminotoluene 
4,5-diaminopyrimidine 
4,5 -diethyl-1,2-diaminobenzene 
4,5 -diethoxy-1 ,Z-diaminobenzene 
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3,4-diarninobenzotri?uoride 
4-tert-butyl-1,2~diarninobenzene 
4-(4-pyridyl)-1,Z-diaminobenzene 
4-(3 -pyridyl) -l ,Z-diaminob enzene 
5-bromo-2,3-diaminopyridine 
5-bromo-3,4-diarninopyridine 
4-?uoro-1,2-diaminobenzene 
2-bromo-4,5 -diamopyridine 
3,4-diaminothiophene 
1,2-diaminocyclohexane 

EXAMPLE 35 

3-phenoxy-6,7-dimethylquinoline 
To a solution of Nail (1.2g; 60% disp in oil) in DMF (3 

ml) is added 3-hydroxy-6.7-din1ethoxyquino1ine (150 mg; 
0.73 tool) and the reaction mixture is allowed to stir for 30 
minutes at room temperature. To this is added the tetra?uo 
roborate salt of chlorobenzene manganese tricarbonyl com 
plex (prepared by .l.O.C. 24: 1991;7092) (183 mg) and 
stirred for 3 hours. To this is added 20 ml of acetonitrile and 
stirred overnight. The reaction mixture is dissolved in 
EtOAc: brine and extracted 2x with EtOAc, washed with 
water 2x, washed with brine‘, dried (MgSO4) and concen 
trated in vacuo to obtain a material which is puri?ed by 
FPLC using 1% methanol: chloroform to obtain a solid 
which NMR indicates to be 3-phenoxy-6.7 
dimethoxyquinoline. The hydrochloride salt is then prepared 
in the usual manner m.p. 224-226). 

EXAMPLE 36 

(6,7-dimethoxyquinazolin-4-yl)-alpha-naphthalenylamine 
To a 25 mL ?ask with 10 ml of abs. EtOH is added 0.137 

g of 4-chloro-6,7-dimethoxyquinazoline and 0.087 g of 
l-aminonaphthalene. The solution is heated to re?ux where 
upon the insoluble materials dissolve. After 5 minutes at 
re?ux a precipatate forms. The solution is allowed to stir an 
additional 10 min before cooling and isolation of the product 
as the hydrochloride salt by simple ?ltration. High-vacuum 
drying of the solid provided analytically pure (6,7 
dimethoxy~quinazolin-4-yl)-alpha-naphthalenylarnine 
(0.142 g, white powder, m.p. 271°—273° C. 

EXAMPLE 37 

4-(m-chlorophenoxy)-6.7-dimethoxyquinazoline 
THF (5 ml) and Nail (60% disp in oil, approx. 28 mg) is 

added to a dry ?ask maintained under inert atmosphere at 
room temperature. m-Chlorophenol (0.09 g) is added as a 
soln. in THP (1 mL) and stirring is continued until the 
solution became clear. 4-Chloro-6,7-dimethoxyquinazoline 
is added all at once (as the solid) and stirring was maintained 
overnight at RT. The solution is partitioned between 
CHQCLZ and 5% NaOH. The organic layer is washed with, 
brine, dried (Na2SO4) and concentrated. Flash column chro 
matography (40% EtOAc/Hex) provided the pure com 
pound. An analytical sample is obtained by recrystallization 
from EtOAc/Hex to provide 4-m-chlorophenoxy)-6,7 
dirnethoxyquinazoline (0.05 g, white needles, m.p. 
152°—153° C. 

EXAMPLE 38 

The above examples may be followed to prepare any of 
the desired compounds of this invention. A representative 
list of compounds which may be prepared are shown below 
in Table X. 
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TABLE X 

3-(thien-3-yl)-6,7-dimethylquinoline, m.p. 132°—138° C. 
3-(1-cyclopent-1-enyl)-6,7-dimethoxyquinoline 

hydrochloride, m.p. 213°—215° C. 
3-cyclopentyl-6,7-dimethoxyquinoline hydrochloride, 

m.p. 213.5°-215° C. 
4-(3-phenylpropyloxy)—6,7-dimethoxyquinoline, m.p. 

90°—91.5° C. 
3-(thien-3-yl)-6,7~dimethoxy-2(1H)-quinolone, m.p. 

264°—266° C. 
3-(thien-3-yl)-6,7-dimethoxyquinoline-N-oxide, m.p. 

207°—208° C. 
3-(2-chlorothien-S-yl)-5,7-dimethoxyquinoline, m.p. 

153°—154° C. 
3-(3-?uoro-4-methoxyphenyl)-6,7-dimethoxyquinoline, 

m.p. 165.5°—167° C. 
3-phenyl-4-carboxy-6,7-dimethoxyquinoline, m.p. 

259°—262° C. 
3-(3-?uorophenyl)-6,7-dimethoxyquinoline, 

156°—1'58° C. 
4-(2-phenylethoxy)-6,7-dimethoxyquinoline, 

117.5°—118.5° C. 
3-(4-methoxybenzyloxy)-6,7-din1ethoxyquinoline, m.p. 

11S.5°—118° C. 
3-(3-?uoro-4-methoxyphenyl)-7-?uoroquinoline, 

138°—140.5° C. 
2-chloro-3-(thien-3-yl)-6,7-dimethoxyquinoline, 

138.5°-139.5° C. 
2-methyl-3-(thien-3-y1)-6,7-dimethoxyquinoline, 

132°—132.5° C. 
3-(thien-3-yl)-5-?uoroquinoline, m.p, 87.5°-89° C. 
ethyl 4-(6,7-dimethoxyquinolin-3-yl)benzoate, 

165°—166° C. 
4-phenylpropyl-6,7-dimethoxyquinoline hydrochloride, 

m.p. 144°—147° C. 
3-(thien-3-yl)-5,7-dimethylquinoline, m.p. 109.50°—111° 

C. 
3-(5-chlorothien-2-yl)-6,7-dimethylquinoline, m.p. 

131.5°—-132.5° C. 
3-(3-?uoro-4-methoxyphenyl)-7-methoxy4(1H) 

quinolone, m.p. 291°—293° C. 
3-(3-?uoro-4-methoxyphenyl)-5,7-dimethylquinoline, 

m.p. 109°—110° C. 
3-(thien-3-yl)-6,7-di?uoroquinoline, m.p. 141.5°—143.5° 

C. 
3-benzyloxy-6,7-dimethoxyquinoline, m.p. 

146.5°-148.5° C. 
3-(2-methoxypyrid-5-yl)-6,7-dimethoxyquino1ine, m.p. 

170.5°—171.5° C. 
3-cyclohexylethyl-6,7-dimethoxyquinoline (oil) (Calc’d/ 

Fnd; C: 762217510; H: 8.42/8.30; N: 4.68/4.60) 
4-[3-(3-?uorophenyl)quinolin-6-yl]benzoic acid, 

m.p.>285° C. 
2-phenyl-1-[3-(3-?uorophenyl)quinolin-6-yl)ethylene, 

m.p. 157.5°—159° C. 
ethyl-4-[3-(3-?uorophenyl)quinolin-6-yl]benzoate, m.p. 

168°—170° C. 
methyl-3-[3-(3-?uorophenyl)quinolin-6-yl]propanoate, 

m.p. 83°-85° C. 
methy1-3-[3-(3-?uorophenyl)quinolin-6-yl]propanoate, 

m.p. 184°—186° c. 

m.p. 

m.p. 

m.p. 

m.p. 

m.p. 

m.p. 


































