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[57] ABSTRACT

There are provided novel (2-imidazolin-2-yl) fused
heteropyridine compounds, and intermediate com-
pounds for the preparation thereof, and a method for
controlling a wide variety of annual and perennial plant
species therewith.
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2-IMIDAZOLIN-2-YL) FUSED
HETEROPYRIDINE COMPOUNDS,
INTERMEDIATES FOR THE PREPARATION OF
AND USE OF SAID COMPOUNDS AS
HERBICIDAL AGENTS

This is a continuation of co-pending application Ser.
No. 07/178,408, filed on Apr. 6, 1988, now abandoned,
which is a continuation of Ser. No. 06/876,599, filed
Jun. 20, 1986, now abandoned, which is a continuation
of Ser. No. 06/612,531, filed May 21, 1984, now aban-
doned, which is a continuation of Ser. No. 06/808,578,
filed Dec. 13, 1985, now abandoned.

BACKGROUND OF THE INVENTION

Novel herbicidal imidazolinyl benzoic acids, esters
and salts, their preparation and use are disclosed in U.S.
Pat. No. 4,188,487 and U.S. Pat. No. 4,297,128 and
pending application Ser. Nos. 579,224, 631,283 and
629,296, while various novel pyridine and quinoline
imidazolinone compounds are described in pending
applications Ser. Nos. 382,041 and 616,747. Pending
application Ser. No. 676,133, filed Nov. 29, 1984, de-
scribes herbicidal (2-imidazolin-2-yi)-thieno- and fu-
ro[2,3-b] and (3,2-b]pyridines, their preparation and use.

It is an object of this invention to provide the novel
herbicidal (2-imidazolin-2-yl)fused heteropyridine com-
pounds of the general formula:

wherein D-E together with the two aromatic carbon
atoms to which they are joined, represents a five or six
membered ring containing from one to three heteroat-
oms. which may contain a variety of substituents; a
method for their preparation; and the use of said com-
pounds for controlling a wide variety of annual and
perennial plant species therewith.

SUMMARY OF THE INVENTION

The invention is novel herbicidal (2-imidazolin-2-yl)
fused heteropyridine compounds having the structures I
to XXIV below
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(XXIV)
Y= \ COOH g,
z
~y, /— CONH—C—CWNH;
N R;
wherein
A is COORg, CHO, CH,0H, COCH,0H, CONHj,,
CH;CH,;0H, CONHOH or
N
g LRC
o R

Rcand Rp are each hydrogen or C;~Cy4 alkyl;

Rg is hydrogen, C;~Cj4 alkyl, which may be inter-
rupted by O or §, or is optionally substituted with
C1-C4 alkoxy, halogen, hydroxy, C3~Cs cycloal-
kyl, benzyloxy, furyl, phenyl, furfuryl, halophenyl,
C1C4 alkylphenyl, C;-C4 alkoxyphenyl, nitrophe-
nyl, carboxyl, C;-C4 alkoxycarbonyl cyano or
C1~-Cstrialkylammonium; C3-Cgalkeny, optionally
substituted with one or two C;~C3 alkoxy, phenyl
or halogen groups; C3~Cg cycloalkyl, optionally
substituted with one or two C1-C3 alkyl groups;
C3-Cjoalkynyl, optionally substituted with phenyl,
halogen, loweralkoxy; or a cation;

B is H, CORg or SO2R 0, Rg is C}~Cq; alkyl, chloro-
methyl, C1-C; loweralkoxy! or pheny! optionally
substituted with one chloro, one nitro, one methyl,
or one methoxy group; Rjgis C1-Cs alkyl, phenyl,
or phenyl optionally substituted with one methyl,
halogen, nitro, or C;-C4 alkoxy;

R is C;-C4 alkyl;
R is C1-C4 alkyl or C3-C¢ cycloalkyl; and when
taken together with the carbon to which they are
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attached, R and R, may represent C3-Cg cycloal-
kyl, optionally substituted with methyl:

===represents a single or double bond;

WisQOorS:

X1, X2, X3 and X4 are any combination of from zero
to three CR4 or CRsR¢; from zero to three N or
NR3and from zeroto two O or §; Yyand Yzare N
or CP4, and are the same or different; Z; and Z; are
O, S, NR3or CRsRg, and are the same or different,
with the proviso that at least one of X4, Yi.2, or
Zy.;is a heteroatom in each of Structure I-XXIV
compounds;

R3 is C1-C4 alkyl, which may be optionally substi-
tuted with phenyl or one or more halogens; C3-Cg
alkenyl, optionally substituted with phenyl or one
or more halogens; C3-Cgalkynyl, optionally substi-
tuted with phenyl or halogen; Ci-C4 alkoxy, op-
tionally substituted with phenyl or one or more
halogens; C3-Cg alkenyloxy, optionally substituted
with phenyl or one or more halogens; C3-Cg al-
kynyloxy optionally substituted with halogen or
phenyl or C;-Cg¢ alkanoyloxy, optionally substi-
tuted with halogen or phenyl;

Ry is hydrogen, halogen, C;-Cg alkyl; C;-C4 alkoxy;
C;-Cg alkanoyloxy; C1-Cjs alkylthio; phenoxy; C1-C4
haloalkyl; C;~C4 haloalkoxy; nitro, C;-C4 alkoxycar-
bonyl; C|-Cs dialkylamino; C;-C4 alkylsulfonyl or
phenyl, optionally substituted with one or two C1-C4
alkyl, C,-C4 alkoxy, halogen or haloalkyl;

Rs and Rg are each hydrogen, C;-C4 alkyl; C1-Cs
alkoxy, C1-C4 haloalkoxy; nitro, C1-Cj alkylsulfo-
nyl or phenyl optionally substituted with one or
two C1-C4 alkyl, C1-C4 alkoxy, halogen or haloal-
kyl: or any combination of these groups except
when Rsand Reare the same group, they are either
both hydrogen or both Ci-Cs alkyl; and when
taken together, Rsand Rg¢may form a ring in which
RsRg are represented by the structure —(CH3),—
where n is an integer of 4 or 5, or when taken
together, R5 and Ry may form a group =O or
=NR7 wherein R7 is phenyl, C|-C4 alkyl, C1-C4
alkoxy or C1-C4 alkylamino;

R3, R4, Rsor Rg when present on adjacent positions
may, along with the atoms to which they are at-
tached, form a ring and such R3-Rg pairs can be
represented by the structure —(CH3),,— or
—(CH),,— where m is an integer of 3 or 4;

with the provisos that in structures II, VI, X, XIV,
XVIII and XXII, when X1is O or S, at least one of X3
and X4 may not be CR4 or CRsR¢; when X4is O or S,
at least one of X; and X; may not be CRs or CRsRg; in
structures IV, VIII, XII, XVI, XX and XXIV when Z
is O, Y; and Y; may not be CRy;

===represents a single bond between:

X and X, when either X; or X2 is S, O, NR3 or
CRsRg;

X2and Xiin structures I, V, IX, XIII, XVII and XXI,
when either X3 or X3is O, S, NRj or CRs5Rg;

X3and Xgin structures I, V, IX, XIIE, XVII and XXI,
when either X3 or X4 is O, S, NR3 or CRs5Rg;

X5 and X4 in structures II, VI, X, X1V, XVIII and
XXII, when either X;or X4is O, S, NR3or CRsRg;

when one of X;.4 is oxygen, the X4 to which it is
attached is N, NR3, CR4 or CRsR¢;
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6
and in structures III, VII, XI, XV, XIX and XXIII,
when one of Z;.; is oxygen, the Z;.; to which it is
attached is NR3 or CRsRy;
when B is CORy or SO;R 16 and Rgis hydrogen, then
===represents an aromatic bond, R3is C1-Cs alkyl.
and R4, Rs and R¢ may not be halogen.

Structure I-XXIV compounds also include tauto-
mers thereof, agriculturally acceptable acid addition
saits and other addition compounds thereof, the N-
oxides thereof when A is COORg; and when Rjand R3
are not the same, the optical isomers thereof.

This invention also includes novel herbicidal com-
pounds of the formula

XXXvIl
R
R
=W
or .
Y R XXXVII
1
\ A N Ry
X 7
N7
X N ll\l =0
B

wherein R is C1-C4 alkyl; Rz is C1-C4 alkyl or C3-Cg
cycloalkyl; and when R and R; are taken together with
the carbon to which they are attached they may repre-
sent C3-Cg cycloalkyl optionally substituted with
methyl; A is COORg, CHO, CH,OH, COCH,OH,
CONHCH;0H, CONHOH, or

N

A

Rc
Rp

Rgis hydrogen, C;-C)zalkyl optionally substituted with
one of the following groups: C;-Cj3 alkoxy, halogen,
hydroxy, C3-Cg¢ cycloalkyl, benzyloxy, furyl, phenyl,
furfuryl, halophenyl, loweralkylphenyl, loweralkoxy-
phenyl, nitrophenyl, carboxyl, loweralkoxycarbonyl,
cyano, C)-C4 alkylthio or triloweralkylammonium, in
addition the alkyl chain may be interrupted by one or
more O or S; C3~Cg alkenyl optionally substituted with
one of the following groups: Ci-C3 alkoxy, phenyl,
halogen or with two C;-Cj3 alkoxy groups or two halo-
gen groups: C3-Cg cycloalkyl optionally substituted
with one or two C;-Cj alkyl groups; C3—Cjo alkynyl
optionally substituted with phenyl, halogen or CH,OH;
or a cation selected from the group consisting of alkali
metals, alkaline earth metals, (Ca, Ba) and manganese,
copper, iron, ammonium and organic ammonium; R¢
and Rp are H, or CH3; B is H, CORg or SO2R 19, pro-
vided that when B is CORg or SO3R;3, and A is
COORg, Rg cannot be hydrogen or a salt-forming cat-
ion; Ry is C1~Cyj alkyl, chloromethyl or phenyl option-
ally substituted with one chloro, one nitro, one methyl,
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or one methoxy group; Rjg is C1-Cs alkyl or phenyl
optionally substituted with one methyl group, chloro or
nitro; WisOor S§; Xis O, S, or —8—0; Yand Y', Z and
Z’ are hydrogen, halogen, C-Cgalkyl, C)~Cs hydroxy-

loweralkyl, C;-Cg alkoxy, C1-C¢ acyloxy, benzoyloxy 5

optionally substituted with one or two C;-Cs alkyl,
Ci-Cs alkoxy, halogen; C;-C4 alkylthio, phenoxy,
Ci-C4 haloalkyl, C;-C4 haloalkoxy, nitro, cyano,
C;-C4 alkylamino, C1-C; dialkylamino, C1-Cs4 alkylsul-
fonyl or phenyl optionally halogen, or any combination
of two of these groups and wherein Y and Z are the
same group provided that Y and Z are H, halogen, alkyl
or alkoxy, and when Y and Y’ or Z and Z’ are the same
group they are hydrogen or alkyl; and the pyridine
N-oxides thereof, when W is O or S and A is COORg;
and when R and R; are not the same, the optical iso-
mers thereof, and, except when Ry is a salt-forming
cation, the acid addition salts thereof.

Ring systems formed by X;4, Zi.2 and Y12 and en-
compassed by this invention include six-membered
rings containing:

one heteroatom, where one of X4, Yi.20r Z;.2is O,
S, N, or NR3. Examples of these are pyrano-, thi-
opyrano-, tetrahydropyrido-, pyrido-, dihydropyrano-,
dihydropyrido-, and dihydrothiopyrano-pyridines.

two heteroatoms, where two of X4, Yi.2and Zy.2are
O, S, N or NR3, examples of which are dioxino-, di-
thiino-, oxazino-, oxathiino, pyrazino-, thiazino-,
pyridazino- and pyrimidino-pyridines and the di- and
tetrahydro derivatives of these ring systems;

three heteroatoms, where three of X1.4, Y1.2and 21.2
are N or NR3. Examples of these are triazino-, dihydro-
triazino- and tetrahydrotriazino-pyridines.

Five-membered ring systems include five-membered
rings containing:

one heteroatom, where one of X4, Yi.20r Zj2is N
or NR3, such as the pyrrolopyridines and the dihy-
dropyrrolopyridines;

two heteroatoms, where two of X4, Yi.2and Z.2are
each O, S, N or NRj3 such as dioxolo-, dithiolo-,
imidazo, imidazolino-, pyrazolo-, pyrazolino-, oxazolo-,
oxazolino-, isoxazolo-, isoxazolino-, thiazolo-, thiazoli-
no-, isothiazolo-, isothiazolino-, and oxathiolo-pyri-
dines;

three heteroatoms where three of X4, Yi.2and Z;.2
are N, NR3, O or S such as thiadiazolo-, thiadiazolino-,
oxadiazolo-, oxadiazolino-, triazolino- or triazolopyri-
dines.

Preferred heteropyridine ring systems of structure
I-XXIV compounds are pyranopyridines, pyrrolopyri-
dines, pyrazolopyridines, imidazopyridines, ox-
azolopyridines, isoxazolopyridines, dithiolopyridines,
dioxolopyridines, dioxinopyridines, dithiinopyridines,
pyridopyridines (naphthyridines), thiopyranopyridines,
oxazinopyridines, oxathiinopyridines and thiazinopyri-
dines; and the dihydro and tetrahydro derivatives of
these ring systems:

wherein

R1is methyl or ethyl, R, is ethyl, propy! or isopropy],
and when R and R are taken together, they repre-
sent a cyclohexyl ring, optionally substituted with
methyl; R3is C1—Cj3 alkyl, C1-Cj4 alkoxy, allyloxy,
CF30—, CF;HO— or CFj3;

R4Rs and Rg are each hydrogen, chlorine, bromine,
C1-Cjsalkyl, C1-Cj alkoxy, C1-Cjalkylthio, C;-C>
dialkylamino, or when Rs and R4 are taken to-
gether form the doubly bonded oxygen of a car-
bonyl group;
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8 .

A is COORg where Ry is H, C1~-C4 alkyl, which may
be interrupted by O or S and is optionally substi-
tuted with furyl, propynyl, phenyl or halophenyl;
C;-C; alkylphenyl, C1-C4 alkoxyphenyl or nitro-
phenyl, or a cation;

B is H, acetyl, C1-C; alkylsulfonyl or phenylsulfony]
optionally substituted with C1-C4 loweralkyl, ni-
tro, chloro or C1-C4 loweralkoxy; W is O or S.

A more preferred group of structures are those of
I-XXIV where only one or two of X4, Yi;and Z;.»
are each O, S, N, or NR3; .

A is COOR;s where Rg is hydrogen, methyl, ethyl,
methoxyethyl, ethoxyethyl, methylthiomethyl,
methylthioethyl, propargyl, phenyl-substituted
alkyl, furfuryl, or a sodium, calcium, lithium, potas-
sium, magnesium, ammonium, or organic ammo- .
nium cation;

B is H, benzoyl acetyl, methanesulfonyl or p-
toluenesulfonyl;

R is methyl and R; is isopropyl;

R; is methyl, ethyl, methoxy, ethoxy and allyloxy:

R4, Rsand Rg are each methyl, ethyl, chloro, bromo,
hydrogen, methoxy and ethoxy, or RsR¢, when
taken together are =O; and

Wis O.

A more preferred group of structures are those of
formula I-XXIV in which the heterocyclic rings are
pyrano-, thiopyrano, dioxino, pyrrolo, pyrazolo, and
dioxolopyridines wherein

R, is methyl, Rais isopropyl, R3is CH3or OCH3, B is
hydrogen, W is oxygen, A is COOH and the agri-
culturally acceptabie salts and esters of these acids.

A most preferred group of structures are those of
formula I-1V in which the heterocyclic rings are pyra-
no-, thiopyrano, dioxino, pyrrolo, pyrazolo and diox-
olopyridines wherein R is methyl, R;is isopropyl, R3is
CH3sor OCHj, B is hydrogen, W is oxygen, A is COOH
and the agriculturally acceptable salts and esters of
these acids.

In formulas I to IV and XVIII to XX above, pre-
ferred cations include alkali metals such as: sodium,
potassium and lithium, but sodium is generally pre-
ferred; or organic ammonium which is defined as a
group consisting of a positively charged nitrogen atom
joined to from one to four aliphatic groups, each con-
taining from one to 20 carbon atoms. Among the or-
ganic ammonium groups which are illustrative for the
preparation of the aliphatic ammonium salt of the for-
mulas I to IV and XVIII to XX—imidazolinyl fused
heteropyridine acids herein are: monoalkylammonium,
dialkylammonium, trialkylammonium, tetraalkylam-
monium, monoalkenylammonium, dialkenylammonium,
trialkenylammonium, monoalkynylammonium, dialk-
ynylammonium, trialkynylammonium, monoalkanolam-
monium, dialkanolammonium, trialkanolammonium,
Cs-Ce-cycloalkylammonium, piperidinium, mor-
pholinium, pyrrolidinium, benzylammonium and equiv-
alents thereof.

In general, and for convenience, the compounds of
the invention may be represented by structures
XXV-XXX below
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wherein D-E together with the two aromatic carbons
to which they are joined, represents a five or six mem-
bered ring as described in formulas I to XXIV above.

The compounds of the present invention may conve-
niently be prepared from the appropriately substituted
fused heteropyridinedicarboxylic acids and esters,
which may be represented in general by the formula

/ | CO2R

CO2R

XXX1

C

E—X
N

wherein D-E forms part of a five- or six-membered ring
as previously described for formulas I-XXIV above.

Thus, diesters of the above general formula XXXI
may be hydrolyzed to the corresponding heteropyri-
dine-2,3-carboxylic acids of formula XXXIa and by
reaction thereof with a strong base such as potassium
hydroxide or sodium hydroxide. Acid anhydrides of
formula XXXII may then be prepared by treatment of
the formula XXXIa heteropyridinedicarboxylic acids
with, for example, acetic anhydride. Reaction of for-
mula XXXII anhydrides with an appropriately substi-
tuted aminocarboxamide or aminothiocarboxamide de-
picted by formula XXXIII yields carbamoyl!
heteropyridine acids of formula XXX. Treatment of the
thus-formed formula XXX carbamoyl heteropyridine
acids with about two to ten molar equivalents of aque-
ous or aqueous alcoholic sodium or potassium hydrox-
ide, preferably under a blanket of inert gas such as nitro-
gen, cooling and acidifying to pH 2 to 4 with a strong
mineral acid such as hydrochloric acid or sulfuric acid
gives herbicidally effective formula XXIXa (4,4-disub-
stituted-5-oxo-(or  thioxo)-2-imidazolin-2-yl)  fused
heteropyridine nicotinic acids, as illustrated in Flow
Diagram I below.

FLOW DIAGRAM I

Aqueous
COOH
COOH

ethanolic
XXXIa

NaOH
\LAczo

HCI
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-continued

FLOW DIAGRAM I

/ i

Ry
NH;—E—CW-—NH;
ks
XXXIIT

COOH g,
|

COOH— }|3— CW=—NH>
R3

General formula XXIXb (2-imidazolin-2-yl) fused
heteropyridine esters, wherein Rg represents a substitu-
ent other than hydrogen or a salt-forming cation, can be
prepared by reacting a novel fused imidazopyrrolo-
heteropyridinedione, represented by the general for-
mula XXV or XXVI, hereinbelow, in Flow Diagram II,
with an appropriate alcohol and corresponding alkali
metal alkoxide at a temperature ranging between about
20° C. and about 50° C.

Formula XXVI novel fused imidazopyr-
roloheteropyridinediones may conveniently be pre-
pared from formula XXIXa acids by treatment with one
equivalent of dicyclohexylcarbodiimide in an inert sol-
vent such as methylene chloride as illustrated in Flow
Diagram II below.

Formula XXV imidazopyrroloheteropyridinediones
may be prepared from formula XXIXa compounds by
treatment with one to three equivalents of acetic anhy-
dride in pyridine.

Treatment of formula XXIXb esters with an acylat-
ing agent such as acetyl! chloride or acetic anhydride or
a sulfonating agent such as p-toluenesulfonyl chloride in

30

35.

40

45

XXIXa

an inert solvent such as tetrahydrofuran gives the for-
mula XXIXb esters where B is other than hydrogen as
defined above. The compounds of formula XXIXd are
prepared by selective cleavage of the benzyl esters of
formula XXIXc with hydrogen and a pailadium cata-
lyst.

Reduction of formula XXIXb esters with, for in-
stance, sodium cyanoborohydride, provides the dihy-
droimidazolinone esters of formula XXVIII which can
be hydrolyzed in base to the corresponding acid com-
pounds of formula XXVIIla. An alternate synthesis of
formula XXVIII compounds is by treatment of formula
XXXIV compounds with about one equivalent of an
amino amide compound of formula XXXII. and a cata-
lytic amount of p-toluenesulfonic acid in toluene. The
ester aldehyde compounds of formula XXXIV may be
prepared by reduction of the diesters with diisobutyl
aluminum hydride. The acid compounds of formula
XXVIIla may be treated with acetic anhydride in pyri-
dine to give the dihydro imidazopyrroloheteropyridine
diones of formula XXVIL

FLOW DIAGRAM II

R
D / COOH N lnz
. ]L
N N =W
p

locc

XXlIa

|

AC)O
pyridine
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FLOW DIAGRAM II
0 / 0
/ T b I
C [ - C L <
N =W
E-\ /—< BN / S
N Ra
N N
Ry
XXV1 XXV
RgO—M+ / R) RgO~M+
CD l COORg N Ry
E— 4
N r|~1 =W
XXIXb H
/ i
CD | COORg N R
E N 4
N rlq —w
XXIXb H
B-halogen
or
(B)20 (anhydride)
/ I
CD ' COORg N R
E— 7
N riq =W
XXIXc B
Rs = PhCHz\LHz/Pd—C
/ I
(D I COOH N Ry
E AN 7
N =W

»
s
-
”
.
w—
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-continued

FLOW DIAGRAM 11

I COORg R,

XXIXb—TACNBH; I

CD / COORy
—— H
N\ CH=N—?—CINH2 E—\ |
N
N Rz N Ri
HT —w
H
XXVIII
R
NH;—C—CONH; _
| OH, H,0
R2
XXXII
CD J | coors (.o | COOH .
E— CcHO EN k
N Ry
XXXIV Hllq —w
H
XXVIilla
Acy0,
DiBAL-H pyridine
/ N\ _1
R
il v i
E
E—\ COORs N\ / u N —=w
N |
N H
XXX XXVII

Many heteropyridine diesters having the general
formula XXXI above are either known in the art, or can
be prepared by reacting an amino or enamino heterocy-
cle with oxalacetic esters or acetyleendicarboxylate
ester.

An amino-substituted heterocycle with at least one
unsubstituted ortho carbon may be condensed with
oxalacetic acid esters or added to acetylene dicarbox-
ylic esters to give an intermediate enamine. This can
then be treated with one or two equivalents of Vils-
meier reagent as described R. Doehner, application Ser.
No. 698,192 filed Feb. 4, 1985 which is incorporated
herein by reference thereto, to give the desired diester.

Certain o-amino-heterocyclic aldehydes may be re-
acted with DMAD or oxalacetic esters in a manner as
described by P. Caluwe, Tetrahedron 36, 2359 (1980),
to give the desired diesters directly.

55
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A novel process of this invention is preparing 5-sub-
stituted, 6-substituted and 5,6-disubstituted pyridine-2,3-
dicarboxylates from enamines, which may be prepared
from heterocyclic rings containing a carbonyl function-
ality, by allowing them to react with an ethoxymethy-
lene compound. The initial product is not isolated but is
treated directly with an ammonia source, such as am-
monium acetate, to give the diester, which is described
more fully after Flow Diagram 111 below.

These reactions are illustrated in Flow Diagram III
below, wherein D-E together with the carbons to
which they are joined, represents a five- or six-mem-
bered heterocyclic ring; R is methyl or ethyl; R’ is hy-
drogen or CHO: R"and R’ are each hydrogen, C;-Cs
alkyl, or taken together with the nitrogen atom to
which they are attached may form a five- or six-mem-
bered saturated ring containing a total of, at most, two
hetero atoms.
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FLOW DIAGRAM 111
D= C=R’
E —Li:-—NR"R”’
F R'=H F R’ = CHO R'=H J R=H J
or | R",R" = H or | RR" = H R*R" = H R" R" = H
G G
D COzR D«=C=~CH=C~COR
ﬁ—-COzR
E CO;R E—?
1;1 NR"R"
H
l NH4+X—
Vilsmeier \\ \ /
I (D / I CO32R l
E N CO3R
N
XXXI

C|302C2H 5
F = O=CCH;,;CO>C;Hs

G = CH30,C—C==C—CO,CH;

J= CszOCH=?—COzC2H5
O=C=-C0,CyHs
When R’ and R""’sH, the above novel enamine reac-
tion is a method for the preparation of S-substituted, 40

6-substituted and 5,6-disubstituted pyridine 2,3-dicar-
boxylates of formula XXXIb

D / ‘ CO2R 14

CO2R1s

(XXXIb)
45

BN
N
50
wherein

E is hydrogen, C1-Cg alkyl or phenyl optionally sub-
stituted with methyl;

D is hydrogen, C;-C¢ alkyl or phenyl optionally
substituted with methyl or _

D and E taken together with the carbons to which
they are attached may form a four to seven mem-
bered ring which may contain one oxygen or sul-
fur, which may be optionally substituted with a
methyl group, comprising reacting an enamine of 60
formula XXXIV

55

D—CH (XXXIV)

1
E~-C~—NR;Rp2 65

wherein each of Ry and Ry is C;-Cg alkyl, or
taken together with the nitrogen atom to which

they are attached Rjj and Rz may form a five or
six membered saturated ring containing at most
two hetero atoms wherein

E is hydrogen, Ci;-Cs alkyl, or phenyl optionally

substituted with methyl;

D is hydrogen, C;-Cg alkyl, or phenyl optionally
substituted with methyl or D and E taken together
with the carbons to which they are attached may
form a four to seven membered ring which may
contain one oxygen or sulfur, which may be op-
tionally substituted with a methy! group with an
oxymethylene oxalacetate of formula XXXV

R130—CH=C—CO;R 14 (XXXV)

E—COZRls

wherein each of Ry3, Rj4 and Ris is hydrogen or
C1-C4 alkyl in an alcoholic, ketonic, halogenated
hydrocarbon, hydrocarbon or aromatic solvent or
acetonitrile from five minutes to 24 hours at a tem-
perature of from —78° C. to 50° C., and reacting
the thus-formed adduct with an ammonia source
such as NH3z or NH4+X—; ‘
wherein X is OH, carboxyl or halogen: in a solvent
selected from alcohols, ether-alcohol mixtures,
halogenated hydrocarbon-alcohol mixtures, halo-
genated hydrocarbon-water mixtures or acetic acid
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for from thirty minutes to 72 hours, at a tempera-
ture of from 0° C. to the boiling point of the solvent
system, as illustrated in Flow Diagram IV below.

FLOW DIAGRAM IV

D—CH +R130—CH=C—CO3R 14
E—C—NR|1R12 ﬁ,—co:R}s
(¢}
XXXI1V) XXXV)
Solvent
1. 0.5 to 24 hours
—78° C. to 50° C.
NHj3 or NHstX—
2. Solvent
0.5 to 72 hours
0° C. to boiling point
v
D / I CO2R 14
E—\ COzR 5
N
(XXXIb)

The resulting S-substituted, 6-substituted and 5,6-
disubstituted pyridine-2,3-dicarboxylates are useful in-
termediates for the preparation of herbicidal 2-(2-
imidazolin-2-yl)pyridine and quinoline acids, esters and
salts such as those disclosed in European Patent Appli-
cation Number 81103638.3 filed Dec. 1, 1981, as illus-
trated in Flow Diagram V below.

FLOW DIAGRAM V
1. Aqueous
\ ethanolic \
D ' COOR 4 :"OH D COOH
E _/}—COOR,s 2-HS E _J}—cooH

N

N
\LAczo

10

15

20

25

30

35

40
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-continued
FLOW DIAGRAM V

\ i

f!{l
NHz—'?—Cw—NHz

Ry o]
E Y
N Il
D \ COOH g,
|

E y CONH—(i‘,—CW—NHZ

N R,

Naon\l/
D COOH N o
E Y

wherein R is C1-Cy4 alkyl; R; is C1-C4 alkyl or C3-Cg
cycloalkyl; and when R and R; are taken together with
the carbon to which they are attached they may repre-
sent C3-Cg cycloalkyl optionally substituted with
methyl; W is O or S; and D and E are as defined for
formula XXXIb above.

Additionally the method of the present invention
provides a novel method for the preparation of 2,3-
dihydrofuro[3,2-b] and dihydrothieno[3,2-b]-pyridines
described in pending application Ser. No. 500,219, filed
June 2, 1983 of Marinus Los, David William Ladner
and Barrington Cross, by the reaction of diethylethox-
ymethylene oxalacetate with a mixture of enamines
derived from 3-keto-tetrahydrofuran or 3-ketotetrahy-
drothiophene, followed by treatment with ammonia or
ammonium salts, as illustrated in Flow Diagram VI
below.

FLOW DIAGRAM VI
o
]

X
\LHNRHRIZ
UNRURIZ
+

X X
?OzC 2Hs

NRyj1Ry2

1. CszO—(I:=C—CO—C02C2H5

H
2. NHj or NHg+X—
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~continued

FLOW DIAGRAM VI

\ COLCyHs

y COyCyHs

N N

wherein X is O or S; and Ry and R are as previously
described for formula XXXIV above.

Uniquely, as illustrated in Flow Diagram VI above
the method of the present invention also provides a
facile and novel method for thé preparation of novel
dihydrofuro[3,4-b] and dihydrothieno[3,4-b]pyridine
2,3-dicarboxylates of formula XXXV1

v XXXV
XY;_ / l COzRy4
zﬁ-—\ CO3R15
Z

N

wherein Ry4 and R;s5 are as described for formula
XXXV above; Y and Y' and Z and Z' are hydrogen,
halogen, C;-C¢ alkyl, C;-Cs4 hydroxyloweralkyl,
C1~Cg¢ alkoxy, C;-C4 alkylthio, phenoxy, C;~C4 haloal-
kyl, C;-C4 haloalkoxy, nitro, cyano, C1-C4 alkylamino,
C,-C4 dialkylamino, C;-Cs alkylsulfonyl or phenyl
optionally substituted with one or two C;-Cj4 alkyl,
Ci~C4 alkoxy, halogen, or any combination of two of
these groups and wherein Y and Z are the same group
provided that Y and Z are H, halogen, alkyl or alkoxy,
and when Y and Y’ or Z and Z’ are the same group, they
are hydrogen or alkyl.

The novel formula XXXVI compounds may in turn
be converted by the procedure illustrated in Flow Dia-
gram V to novel herbicidal 5,7-dihydro-2-(2-imidazolin-
2-yhthieno and furo[3,4-b]pyridine compounds having
the structure XXXVII

Y R,
FY;-——/W»A N R2
X

>
N N =W
5

wherein R is C1-C4 alkyl; Ra is C1~C4 alkyl or C3-Cg
cycloalkyl; and when R and R are taken together with
the carbon to which they are attached they may repre-
sent C3-C¢ cycloalkyl optionally substituted with
methyl; A is COORjs, CHO, CH,OH, COCH,0OH,
CONHCH;CH;0H, CONHOH, or

N
_< ,
o Rc
Rp

Rgis hydrogen, C1-Cj3 alkyl optionally substituted with
one of the following groups: Ci-Cj alkoxy, halogen,
hydroxy, C3~Ce cycloalkyl, benzyloxy, furyl, phenyl,
furfuryl, halophenyl, loweralkylphenyl, loweralkoxy-

(XXXVID)

\ CO,CyHs
x ]
\ Y CO,CyHs

phenyl, nitrophenyl, carboxyl, loweralkoxycarbonyl,
cyano, C1—-C4 alkylthio or triloweralkylammonium, in

15 addition the alkyl chain may be interrupted by one or

20

25

30

35

45

50
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more O or S; C3—-Cg alkenyl optionally substituted with
one of the following groups: C1-C; alkoxy, phenyl,
halogen or with two C1~Cj alkoxy groups or two halo-
gen groups: C3-Cg cycloalkyl optionally substituted
optionally substituted with phenyl, halogen or CH,OH;
or a cation selected from the group consisting of alkali
metals, alkaline earth metals, (Ca, Ba) and manganese,
copper, iron, ammonium and organic ammonium; R¢
and Rp are H, or CHj; B is H, CORy or SO2R ¢, pro-
vided that when B is CORg Or SOzRj0, and A is
COORs3, Rg cannot be hydrogen or a salt-forming cat-
ion; Rg is C;-Cjjalkyl], chloromethyl or phenyl option-
ally substituted with one chloro, one nitro, one methyl,
or one methoxy group; Rig is C;-Cs alkyl or phenyl
optionally substituted with one methyl group, chloro or
nitro; WisQor §; Xis O, S, or —S=0; Yand Y’, Z and
Z' are hydrogen, halogen, C,-Cgalkyl, C;-C4 hydroxy-
loweralkyl, C}-Cs alkoxy, C1~Cg acyloxy, benzoyloxy
optionally substituted with one or two C1-C4 alkyl,
Ci1-C4 alkoxy, halogen; C;-C4 alkylthio, phenoxy,
Ci-Cs4 haloalkyl, C;-Cs4 haloalkoxy, nitro, cyano,
C1~C4 alkylamino, Cy~C4 dialkylamino, C)-Cs4 alkylsul-
fonyl or phenyl optionally substituted with one or two
C1-C4 alkyl, C1-C4 alkoxy, halogen, or any combina-
tion of two of these groups and wherein Y and Z are the
same group provided that Y and Z are H, halogen, alky!
or alkoxy, and when Y and Y' or Z and Z' are the same
group they are hydrogen or alkyl; and the pyridine
N-oxides thereof, when W is O or S and A is COORg;
and when R and R; are not the same, the optical iso-
mers thereof, and, except when Rg is a salt-forming
cation, the acid addition salts thereof.

Oxidation of compounds of formula XXXVII when
X is S yields novel thienof3,4-blpyridine 2,3-dicarboxy-
lates which in a like manner to that described above and
illustrated in Flow Diagram V above yields novel herbi-
cidal 2-(2-imidazolin-2-ylthieno[3,4-b]pyridine com-
pounds of formula XXXVIIIb

(XXXVIIIb)

wherein R, Rz, A, B, W, Y and Z are as descnbed for
formula XXXVTI above.

The novel method of the present invention provides a
means of preparing a wide variety of 5-substituted,
6-substituted and 5,6-disubstituted pyridine-2,3-dicar-
boxylates including the novel formula XXXIb thie-
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no{3,4-b] and furo[3,4-blpyridine 2,3-dicarboxylates
described above. )

Literature methods for preparing 5,6-dialkyl and 5,6-
alkyl-arylpyridine-2,3-dicarboxylates are limited, often
requiring oxidation of aikyl or aryl substituents at posi-
tions 2 and 3 in order to obtain diacids. R. Jones, J. Am.
Chem. Soc. 73, 4380 (1951) describes a method in which
reaction of 2 primary enamine yields 6-alkylpyridine-
2,3-dicarboxylates which contain electron withdrawing
substituents such as COCHj, CN or CO3Et in the 5-
position. This method cannot be used to prepare 5,6-
dialkyl or alkylaryl pyridine-2,3-dicarboxylates because
primary enamines without electron withdrawing sub-
stituents cannot readily be prepared, i.e,., the reactions
of ammonia with aliphatic ketones produces imines
which do not tautomerize to enamines and, unless
trapped in situ, polymerize. Other methods employing

C (CHZ)n
(NR3)p,

malononitriles such as those described in Japanese Pa-
tent 78 69,835 and that of J. 1. DeGraw, J. Het. Chem.
19, 1461 (1982), can yield 5, and 5,6-dialkylpyridines but
not with the desired 2,3-dicarboxylate substitution di-
rectly.

The method of the present invention utilizing ena-
mines of formula XXXIV which react with formula
XXXV oxymethylene oxalacetates and subsequent ad-
dition of an ammonia source produces pyridine 2,3-
dicarboxylates with substituents in the 5, 6, or 5 and 6
positions directly and does not limit these substituents to
those which are electron withdrawing.

Thus, pyridine-2,3-dicarboxylates containing substit-
uents in the 5 and/or 6 position may conveniently be
prepared by admixing essentially equimolar amounts of
a formula XXXIV enamine and a formula XXXV oxal-
acetate in a suitable solvent and stirring the resulting

10

15

24

reaction mixture for from five minutes to 24 hours at a
temperature of from —78° C. to 50° C. Treatment of the
thus-formed adduct with a minimum of 1 molar equiva-
lent of ammonia or an ammonia source and continued
stirring for from 0.5 to 72 hours at a temperature of
from 0° C. to the boiling point of the mixture gives the
desired pyridine-2,3-dicarboxylate which may be iso-
lated by standard laboratory techniques such as extrac-
tion or column chromatography.

Many fused heteropyridine diesters of the general
formula XXXI may be obtained by oxidative cleavage
of appropriately substituted heteroquinoline com-
pounds which may be prepared by the method of O.
Meth-Cohn, J. Chem. Soc., Perkin I, 2509 (1981), di-
rectly, or cleavage followed by reactions with amines,
hydrazines, hydroxide or hydrogen sulfide or a sulfide
salt as illustrated in Fiow Diagram VII below:

FLOW DIAGRAM VII

OCH;3
Cl—(CH2)x / I

Cl

OCH3

R3NHy, (R3)2NH,

or

Oxidation

R3NHNHR;

/

N\

O

QOCH;

N\

Cl=(CH23),, l COsR

| Cl CO2R

4

OCH3;

RiNH;
(R3):NH,
R3NHNHR3,
OH™—, Na,5§,
or NaHS

xidation
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wherein D-E together with the aromatic carbons to
which they are joined, represents a five- or six-mem-
bered fused heterocyclic ring containing one or two N
or NR3; oxygen or sulfur: m is an integer of 1 or 2; n is
an integer of from 1 to 3 but must be 3 in the case of
reaction with NasS or NaSH; m plus n=3 or 4; R is
hydrogen, CH3 or C;Hjs and R3 is as described in For-
mula I-XX1V,

Another general approach to obtaining fused
heteropyridine diesters which are useful as intermedi-
ates for the preparation of the novel formula I-XXIV
compounds of the invention is ring closure of 5-nitro-6-
disubstituted pyridine-2,3-dicarboxylic acid esters,
which may be prepared by the reaction of an ethoxyme-
thyleneoxalacetate ester with nitroacetone or ni-
troacetamide. )
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For example, pyrrolopyridines may be prepared by product gives a mixture of two NR3 compounds, where
condensation of S-nitro-6-methylpyridine-2,3-dicar- R3 is alkyl or alkoxy, as illustrated in Flow Diagram
boxylates with N,N-dialkyl carboxylic amide diacetals, VIII below, wherein R3 and Ry are as described for
followed by reduction and concomitant cyclization, formulas I-XXIV above.

depending on reaction conditions. Alkylation of the

FLOW DIAGRAM VII

HsCyOHC=C~—CO02C2Hs
O=C=C012CyHs

il . il
1. NO;—=CHy~~C~—CH3; | NO;—CH;~C~~NH)

i/l NH4+X—

NO» / l CO,CaH;
CH3 N\ CO,CoHs
N
R4

(alkyl)sN-—~C(OCH3);

N(alkyl)y NO2 / CO2C2H;s NO» / COC2Hs
N | |
X

C CH— CO3C>Hs NH; CO3C2H;s
R4/ N N
b
NH; / CO2CaH;
NH;—\, | CO2C2Hs
N

l/(czﬂso)JC—Rz.

)
/ | /
R4 I CO;C;Hs R N | CO,C;Hs
N\ CO,CHs N A CO,C;Hs
N N
+ \LRgl
OR3 R3
N X
Ry / CO2CoHs h—( / I COyC7Hs
N I CO3CHs N N CO,CoHs
N N
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FLOW DIAGRAM VIII
R3
|
N
m’{ / I CO,C;H;
Ilsl N CO,C7H5
R3 N

wherein Rj is C1-C4 alkyl.
5-Acetyl-1,6-dihydro-6-oxo-2,3-pyridinedicarboxylic

These reaction sequences are in general illustrated in
Flow Diagrams IXa to IXe below.

FLOW DIAGRAM IX

Il 1
CH3—C—CH;—C—NH;

OCyH;s
HC=C=—CO0;CHs

\LSodium acetate

O=C=—CO,CyHs

o)
il
CH3—C / | CO,CoHs
o= CO,;CyHs

N

|

H

|

\L(alky])zN—(I:[OC(CH3)2CH2CH3]2 R4CH,CO2H \LCﬂ-IstCCOzCsz \l/NHzOH J/CF3C03H
Diagram Rs Diagram Diagram Diagram Diagram
IXa IXb 1Xc IXd IXe
acid esters, [referred to as keto-pyridone diesters, which
may readily be prepared by adding sodivm acetate to a
stirred mixture of dialky! (ethoxymethylene)oxalacetate 40
and acetoacetamide in an alcohol] provide a source of a FLOW DIAGRAM IXa
variety of fused heteropyridine-2,3-dicarboxylate esters
. . . . Ikyl)aN=C[OC(CH3)2CH,CH
which are useful as intermediates for the preparation of (alkybz I [0C(CH3)2CH2CHsL
herbicidal (2-imidazolin-2-yl) fused heteropyridine R4
compounds of the invention. 45
Pyranopyridine diesters may be prepared from the ﬁ’
S-acetyl-6-pyridone-2,3-dicarboxylates, by condensa- C
tion with N,N-dialkyl carboxylic acid dineopentyl ace- / /
. . . . . R N R4—C CO,CoHs

tals giving enaminone intermediates which cyclize with T I
acid to the pyranone compounds. Further reduction 50 CHO= CO,C2Hs
and/or alkylation and dehydration can give a variety of Nékyl)z

intermediates depending on the selected conditions.

Additionally, an acetyl pyridone may be condensed
with an appropriately substituted carboxylic acid (phen-
ylacetic acid for example), which may be reduced to the
pyranopyridine diesters. Other keto-pyridone diesters
give similar compounds with various alkyl substituents
in place of 4-methyl.

Condensation of ketopyridones with dialkyl oxalates
give intermediates which are cyclized by acid catalysis.

5-Acetyl-6-pyridone-2,3-dicarboxylates also can un-
dergo reaction with peracids to give the 5-hydroxy-6-
pyridine-2,3-dicarboxylates, or form oximes which can
undergo rearrangement and after hydrolysis, yield 5-
amino-6-pyridone-2,3-dicarboxylates.

These 5-amino and S5-hydroxy compounds may be
utilized as intermediates for the preparation of oxazolo.
morpholino, dioxolo and dioxanopyridine diesters.

N
|
H
\Lacetic acid

reduction,
65 alkylation and/or dehydration

Variety of intermediates
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FLOW DIAGRAM IXb

R4CH;CO;H
CH3
Ry / / I COLCyHs
o N\ CO2CyH5
(o] N

FLOW DIAGRAM IXc

\LC;HstCCOzCsz

5,252,538

N
|
H

30

-continued

l CO,CoHs

CO2CyH5

FLOW DIAGRAM IXd

\LNH;OH

(CHz)(halogen); \l/

i/(CszO)acm
N
m—(/ / I CO0,C7Hs
o N CO2CoHs
N

FLOW DIAGRAM IXe

\LCF3CO3H
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-continued
N
|
H
R4—C -halogen
R4R5C(halogen);
R4—C-ha]ogen
Rig o o / | COLCyHs I CO5C3Hs
Rs 0 —\ CO,C:H; —C02CyHs
N
30 -continued
FLOW DIAGRAM X
C3Hs0,C / COCzHs
35 R‘OZCCHz—]l\I N CO,C,Hs

6-Pyridone-2,3,5-tricarboxylic esters can be prepared
by condensation of an ester amide with an ethox-
ymethylene oxalacetate ester and then converted to the
6-chloro compound. The later chloro compound may
then be employed in the synthesis of pyrrolopyridine
diesters by reaction of an N-substituted amino acid es-
ter, with added base, followed by cyclization using
alkoxide as illustrated in Flow Diagram X below. The
resulting pyrrolopyridine compounds can be further
alkylated, selectively decarboxylated, reduced and/or
dehydrated to a variety of substituted compounds.

FLOW DIAGRAM X
CoHsOCH=C—CQ03CyH3
O=C—C0yC7H5

CH;—CO0O3C2H;5
CONH;

+

SOC!
2 N
|
H
C2H50,C / l COHs  R3;NHCH,CO3R’
CI— coycus ® = EttBu)
N v

base

R3 N

alkylation, decarboxylation,
reduction, dehydration yields
substituted, pyrrolo and
dihydropyrrolopyridines
50
Other diester compounds are prepared by a novel
reaction which employs a thermal Diels-Alder Reac-
tion of an appropriately substituted asymmetric triazine
diester, followed by loss of nitrogen. An example or this
type of reaction sequence is described by G. Seitz and S.
Dietrich, Arch. Pharm., 317, 379 (1984). Asymmetric
triazine diesters which are useful in this reaction are
prepared from substituted open chain precursors, con-
taining one or more heteroatoms in the chain, by reac-
tion with dialkyl 2,3-dioxosuccinate. Open chain pre-
cursors may be prepared, for example, from methylthi-
osemicarbazide and an 1-alkynyl alcohol, amine or mer-
captan. Certain other triazine intermediates may be
prepared from an amidrazone, prepared via the nitrile.
The triazine need not be isolated; heating can continue
~ until the desired product is formed.
These reactions are illustrated in Flow Diagrams XI
and XII below.

55

65
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FLOW DIAGRAM X1 )
C=CH N—NH; C=CH N—NH,
(CH3), + CH3S—C—NH; or (CHy), + HS=—~C-—NH;
N N
QH X
n = 2,Q = NH, or NR3
n=3Q=0,8, NH or NR; _
X = halogen, tosyloxy Q=9
or mesyloxy
C=CH
(CH2), N=—NH
AN |
Q=—C—NH;
+
0O=C=C0,CHj3
0=C~CO0;CHj3
N , N
C=CH C=cH 7
/ N N cO,CH N COyCH;
€+ CHpn |
X HS _—CO;CH; \QH CHss—K CO5CH;
N N
Q=5 C=CH N
(ng)n N N\ c0,CH;
Q—k /—COxCH;
N
triazine’
{CH2), / | CO;CH;3
L Q N CO,CH;3
N _
n =2,Q = NH, or NR3
n=30Q=0,8, NH, or NR3
-continued
FLOW DIAGRAM XI1I
FLOW DIAGRAM XII 50 c=cH N
= = N
C=CH on y =CH (Ciz)n N CO;CH3
(CH2)n 5> (crl-xz),. rﬁm.HCI Q—(CHy),—l _—coxcH
Q=(CH)m—CN Q ¢ triazine N
(CHp,, OMe °
m+n=20Q=NR3
m+n=3Q=0,S NR; . \
/-(CHZ)n CO,CH3
NH;NH; 60 Q\ |
(CH2)n /—CO2CH3
C=CH NH; N
O=C—CO,CHj3 ofi N '
0=C—CO;CH3 (| 2 1l The formula I-IV and XVII-XX (2-imidazolin-2-
65 yDheteropyridines and the formula V-XVI imidazopyr-

Q C
' AN VAN
(CH2)m NH;

amidrazone

rolopyridinediones of the present invention are exceed-
ingly effective herbicical agents useful for the control of
an exceptionallywide variety of herbaceous and woody
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annual and perennial monocotyledonous and dicotyle-
donous plants. Moreover, these compounds are herbi-
cidally effective for controlling weeds indigenous to
both dry land and wet land areas. They are also useful
as aquatic herbicides and are unique in their effective-
ness in controlling the abovesaid plants when applied to
the foliage thereof or to the soil or water containing
seeds or other propagating organs of said plants such as
tubers, rhizomes or stolons, at rates of from about 0.016
to 4.0 kg/ha, and preferably at rates from about 0.032 to
2.0 kg/ha.

It is of course obvious that the rates of application
above the 4.0 kg/ha level can also be used to effectively
kill undesirable plant species; however, rates of applica-
tion of toxicant above the level necessary to kill the
undesirable plants should be avoided since application
of excessive amounts of toxicant is costly and serves no
useful function in the environment.

Among the plants which may be controlled with the
compounds of this invention are: Elatine triandra, Sagit-
taria pygmaea, Scirpus hotarui, Cyperus serotinus, Eclipta
alba, Cyperus difformis, Rotala indica, Lindernia pyrido-
noria, Echinochloa crus-galli, Digitaria sanguinalis, Seta-
ria viridis, Cyperus rotundus, Convolvulus arvensis, Agro-
pyron repens, Datura stramonium, Alopercurus myosur-
oides, Ipomoea spp., Sida spinosa, Ambrosia artemisiifolia,
Eichornia crassipes, Xanthium pensylvanicum, Sesbania
exaltata, Avena fatua, Abutilon theophrasti, Bromus tec-
torum, Sorghum halepense, Lolium spp., Panicum di-
choromiflorum. Matricaria spp., Amaranthus retroflexus.
Cirsium arvense and Rumex iaponicus.

It has been found that the formula I-IV, and XVII-
~XX (2-imidazolin-2-yl)fused heteropyridines and the
formula V-XVI imidazopyrroloheteropyridinediones
are generally selective herbicides, particularly effective
for controlling undesirable weeds in the presence of
leguminous crops such as soybeans, and cereal crops
such as wheat, barley, oats and rye. However, certain
compounds are less selective than others in this series.

It has also been found that several of the formula
{2-imidazolin-2-yl) fused heteropyridines are effective
as antilodging agents in cereal crops when applied at
rates of application between about 0.5 to 2000 g per
hectare. At rates of application not exceeding about
2000 g per hectare, it has also been found that certain of
these compounds are effective for increasing branching
of leguminous crops and tillering of cereal crops. At
rates of application not exceeding 2000 g per hectare,
certain of these compounds are useful as dwarfing
agents for turf.

Those imidazolinyl fused heteropyridines angd deriva-
tives, wherein Rg is a salt-forming cation, which are
water soluble, can simply be dispersed in water and
applied as a dilute aqueous spray to the foliage of plants
or to soil containing propagating organs thereof. These
salts also lend themselves to formulation as flowable
formulations.

Other fused heteropyridine compounds wherein Rgis
a salt-forming cation or represents an ester which is not
water soluble lend themselves to formulation as emulsi-
fiable concentrates, thus providing a wide range of
formulation options for specific purposes.

The (2-imidazolin-2-yl) fused heteropyridines can
also be formulated as wettable powders, flow concen-
trates, granular formulations and the like.

Wettable powders can be prepared by grinding to-
gether about 20% to 45% by weight of a finely divided
carrier such as kaolin, bentonite, diatomaceous earth,
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apulgire, or the like, 45% to 80% Dry weight of the
active compound, 2% to 5% by weight of a dispersing
agent such as sodium lignosulfonate, and 2% to 5% by
weight of a nononic surfactant, such as octylphenoxy
polyethoxy ethanol, nonylphenoxy polyethoxy ethanol
or the like.

A typical flowable liquid can be prepared by admix-
ing about 40% by weight of the active ingredient with
about 2% by weight of a gelling agent such as bentonite,
3% by weight of a dispersing agent such as sodium
lignosuifonate, 1% by weight of polyethylene glycol
and 54% by weight of water.

A typical emulsifiable concentrate can be prepared
by dissolving about 5% to 25% by weight of the active
ingredient in about 65% to 90% by weight of N-methyl-
pyrrolidone, isophorone, butyl celiosolve, methylace-
tate or the like and dispersing therein about 5% to 10%
by weight of a nonionic surfactant such as an alkylphen-
oxy polyethoxy alcohol. This concentrate is dispersed
in water for application as a liquid spray.

When the compounds of the invention are to be used
as herbicides where soil treatments are involved, the
compounds may be prepared and applied as granular
products. Preparation of the granular product can be
achieved by dissolving the active compound in a sol-
vent such as methylene chloride, N-methylpyrrolidone
or the like and spraying the thus prepared solution on a
granular carrier such as corncob grits, sand, attapulgite,
kaolin or the like.

The granular product thus prepared generally com-
prises about 3% to 20% by weight of the active ingredi-
ent and about 97% to 80% by weight of the granular
carrier.

In order to facilitate a further understanding of the
invention, the following examples are presented primar-
ily for the purpose of illustrating certain more specific
details thereof. The invention is not to be deemed lim-
ited thereby except as defined in the claims. Unless
otherwise noted, all parts are by weight.

EXAMPLE 1

Preparation of diethyl
1,6-dihydro-5-nitro-6-oxo-2,3-pyridinedicarboxylate

OC3H;s
O;N~CH3 + HC=C—COO0C,H;
O=C—NH; O=C=-COOC2Hs
NaOAc J/EtOH

Diethyl(ethoxymethylene)oxalacetate (5.63 g, 0.023
mol,) is dissolved under N> atmosphere in 20 mL of
absolute ethano! and cooled to 0° C. Nitroacetamide
(2.00 g, 0.019 mol,) (S. K. Brownstein, J. Org. Chem 23,
113 (1958)) and sodium acetate (1.56 g, 0.019 mol,) are
added and the mixture is stirred at room temperature for
15 hours. The suspension is diluted with 15 mL of abso-
lute ethanol and acidified to pH 2 with concentrated
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HCL. The inorganics are removed by filtration and the
filtrate is concentrated to an oily solid which is gravity
chromatographed, first with methylene chloride and
then 2% methanol in methylene chloride. The fractions
are combined and stripped to give 4.28 g of the title
product as a yellow solid, 78.4% yield. melting point
144°-145° C.

EXAMPLE 2

Preparation of diethyl
6-chloro-5-nitro-2,3-pyridinedicarboxylate

Diethyl 1,6-dihydro-5-nitro-6-0x0-2,3-pyridinedicar-
boxylate (26.23 g, 0.092 mo]l) is partially dissolved under
N3 atmosphere in 250 mL of phosphorous oxychloride
and the mixture is heated to 80° C. for 15 hours. The
mixture is cooled and concentratrated and the resulting
oil dissolved in ethyl acetate and washed with water,
10% K>COs and brine. The organic layer is dried over
MgSO,, filtered and the solvent removed to yield a
solid which is recrystallized from absolute ethanol/wa-
ter to give 20.65 g of the product as a brown solid in
73.9% yield, having a melting point of 84.5°-86° C.

EXAMPLE 3

Preparation of diethyl
6-amino-5-nitro-2,3-pyridinedicarboxylate

02N / I COOE:

Cl COOE!

X

N
NH; J/EtOH

0N / I COOE!

HaN—{ COOE!

N

Diethyl 6-chloro-5-nitro-2,3-pyridinedicarboxylate
(20.59 g, 0.068 mol) is suspended in 500 mL of absolute
ethanol and the solution cooled to 0° C. Gaseous ammo-
nia is bubbled in for one hour, causing an exotherm to
20° C. The mixture is concentrated to a brown solid and
partitioned between ethyl acetate and water. The or-
ganic layer is dried over Na;SOy, filtered and the sol-
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vent removed to yield a yellow solid, melting point
120°-122° C.

EXAMPLE 4

Preparation of diethyl
5,6-diamino-2,3-pyridinedicarboxylate

O3N / COOC;H;s
H)N \ I COOC;Hs

N

H \L}EO% Pd/C
tOH

HoN COOC)Hs
HaN—\ | COOC;Hs

N

Diethyl  6-amino-5-nitro-2,3-pyridinedicarboxylate
(5.00 g, 0.0176 mol) is suspended in 250 mL of absolute
ethanol and the mixture cooled to ¢’ C. Palladium on
carbon (50 g of 10% is added and the mixture is shaken
under 50 psi hydrogen in a Parr apparatus for four
hours. The catalyst is removed by filtration through a
pad of Celite, and the filtrate is concentrated to yield
4.21 g (94.2%) of product as a yellow solid, melting
point 143°-146.5° C.

EXAMPLE 5

Preparation of diethyl
2-methyl-imidazo[4,5-b]pyridine-5,6-dicarboxylate

TEOA J/HOAC

\ COOC3H5

COOC3Hs

CH3—<Z
Y

N

—Z Z

Diethyl 5,6-diamino-2,3-pyridinedicarboxylate (10.38
g, 0.041 mol) is stirred under an N3 atmosphere in 100
mL glacial acetic acid, to give a clear orange solution.
Triethylorthoacetate (TEOA), (0.19 mol) is then added
and the mixture is heated to reflux for 15 hours. The
cooled solution is poured into ice water and neutralized
with ammonium hydroxide. The solution is extracted
with ethyl acetate, the combined organic layers washed
with brine, dried over Naj;SQy, filtered and concen-
trated to an oil. The oil is taken up in ethyl acetate and
the desired product is precipitated by the addition of -
hexanes in two crops of beige solid, totalling 8.11 g
(71.3%), having a melting point of 164°-165° C.
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EXAMPLE 6

Preparation of diethyl
1,2-dimethyl-1H-imidazo[5,4-b]pyridine-5,6-dicarboxy-
late (Isomer A) and diethyl 1,2-dimethyl
1H-imidazo[4,5-b]pyridine-5,6-dicarboxylate (Isomer
B)

\ COQOC3H5

N
CH3;—<Z
PII Y COOC,H;s
H N
NaH
THF \L CH;l
N \ COOCyH;
CH34
1?1 Y COOC;Hs
CHj N
Isomer A
+
CH;
| AN
N COOC;Hs
CH3—<\
' N 4/ —COOCHs
N
Isomer B
Diethyl  2-methylimidazo[4,5-b]pyridine-5,6-dicar-

boxylate (8.11 g, 0.029 mol,) is suspended in 250 mL
THF. Sodium hydride (1.61 g, 60% dispersion in min-
eral oil, 0.040 mol) is added in one portion, causing an
exotherm to 34° C. Methyl iodide (3.6 mL, 0.058 mol) is
added, causing the precipitation of a large amount of
solid. THF, 150 mL is then added and the suspension
stirred at room temperature for 15 hours. The mixture is
poured into 500 mL water and the mixture extracted
with methylene chloride. The organic layers are com-
bined, washed with brine, dried over Na;SQ4 and con-
centrated to give 5.59 g of a brown solid.

The aqueous layer is concentrated to a solid which is
triturated with ethyl acetate and filtered. The filtrate is
concentrated to yield 0.59 g of a black oil and the solid
is suspended in acetone and heated to reflux. The sus-
pension is filtered, and the filtrate is stripped to 1.82 g of
a yellow solid.

The solid obtained by extraction and the oil are mix-
tures of isomers. The yellow solid obtained from the
boiling acetone is primarily isomer B.

The isomer mixture is separated by chromatography,
first using methylene chloride, then 19 methanol in
methylene chloride, yielding the purified faster moving
isomer A as an oil (0.9 g). Structural assignments of A
and B are made on the basis of 13C NMR spectroscopy.
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EXAMPLE 7

Preparation of 4-amino-1-methylpyrazole

"

N
7/
i
NO;
u, | 10% PdsC
2 | MeOH

o
N

7/
Ll
NH;
1-Methyl-4-nitropyrazole (6.00 g, 0.047 mol) M. E.
Foster and J. Hurst, J. Chem. Soc. Perkin 1, 507, (1976)) -
is dissolved in 185 mL of methanol and cooled while
0.47 g of 10% palladium on carbon is added. The mix-
ture is shaken for 15 hours under 50 psi hydrogen in a
Parr hydrogenator. The catalyst is removed by filtra-
tion through a pad of celite and the filtrate concentrated

to give a red oil which is used immediately without
characterization or purification.

EXAMPLE 8

Preparation of dimethyl
[1-methylpyrazol-4-yl)amino]butenedicarboxylate

e
N

/
i
NH
CHxCI \LDMAD

CH;

|
N
/
N I COOCH;
):coocm
N
|

H

2

Dimethylacetylenedicarboxylate (6.4 mL, 0.052 mol)
is dissolved in 75 mL methylene chloride and the mix-
ture cooled to 0° C. Unpurified 4-amino-1-methyl-
pyrazole (assumed to be 4.58 g, 0.047 mol) is dissolved
in 25 mL methylene chloride and added dropwise so
that the reaction temperature remains below 5° C. The
solution 1is stirred for one hour, and is then allowed to
warm to room temperature and stirred for 65 hours.
The mixture is concentrated and the resulting oil is used
without characterization or purification.
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EXAMPLE 9

Preparation of dimethyl
1-methylpyrazolo[4,3-b]pyridine-5,6-dicarboxylate

CHj3

i
N
7
N I COOCH;
J:coocm

Dimethylformamide (7.4 mL, 0.096 mol) is dissolved
in 125 mL dichloroethane and the mixture cooled to
—35° C. in an acetone/ice bath. Phosphorous oxychlo-
ride (8.9 mL, 0.095 mol) is added in one portion and the
clear colorless solution is allowed to warm slowly to
room temperature, gradually turning yellow. The un-
purified  dimethyl [(1-méthylpyrazol-4-yl)amino]-
butenedicarboxylate is dissolved in 75 mL of dichloro-
ethane and added to the chilled Vilsmeier reagent drop-
wise keeping the reaction temperature below 5° C. The
mixture is allowed to warm slowly to room temperature
over four hours, and then is heated to reflux for one
hour. The mixture is concentrated to a solid which is
chromatographed using 3:1 hexanes/ethyl acetate. The
fractions containing the desired product are combined
and concentrated to give the product as a white solid
(16.93 g, 71.4%), melting point 148°-149° C.

EXAMPLE 10
Preparation of 3-methyl-5-amino isoxazole

NH;
CH3=~C=CH—CN + NH;OH.HC!

CH;,
N H—NHZ
AN

o

Hydroxylamine hydrochloride (34.81 g, 0.50 mol) is
dissolved in 100 mL water and the solution cooled in an
ice bath for ten minutes. Then 3-aminocrotononitrile
(48.30 g of 85%, 0.50 mol) is added portionwise over ten
minutes. After stirring for 30 minutes, the solution turns
~ orange and a solid precipitates. The solid is collected by
filtration and recrystallized from benzene, giving the
product (30.98 g, 63.29%) as a white solid, having a
melting point of 77°-79° C.
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EXAMPLE 11

Prepatation of diethyl
3-methylisoxazolo[5,4-b]pyridine-5,6-dicarboxylate

CHj
N H—NHz
AN

(l')C2H5
+ C=C—COO0CHs

0=C—CO00C;H;s
0 ¢
CH3 \ COOCyH5
N Y COOC;Hs
AN

(o]

5-Amino-3-methylisoxazole (12.25 g, 0.125 mol) and
diethyl(ethoxymethylene)oxalacetate (33.55 g, 0.138
mol) are dissolved in 200 mL glacial acetic acid under
an N atmosphere. The solution is heated to reflux for
two hours, then stirred at room temperature for 65
hours. The solution is poured into ice water, causing the
precipitation of a red solid. The solid is collected by
filtration, redissolved in 175 mL glacial acetic acid and
reprecipitated with the addition of ice. The resuiting
yellow solid is collected by filtration and air dried,
giving 14.20 g of product, yield 40.8%, having melting
point 95°-99° C. A small amount is recrystallized from
hexanes/ethyl acetate. mekling point 100°-101° C.

EXAMPLE 12

Preparation of diethyl
6,7-dihydro-5H-pyridine-2,3-dicarboxylate

OE:
ETOH
+ \ COEt” 0°=5° >

N /\
Y
\/ o o COZEt

COzEt
N\
N

COzEt

NH. OH

reflux ;

To a solution of diethyl ethoxymethyleneoxalacetate
(10.25 g, 0.042 mol) dissolved in ethanol (100 mL) at 0°
is added l-morpholinocyclopentene (6.8 mL, 0.042
mol). After an initial exotherm to 9°, the reaction is
stirred at 5° for 20 minutes. Concentrated NH4OH (20
mL) is added and the reaction solution is heated to
reflux for 30 minutes, concéntrated in vacuo to an oil,
diluted with H>O (100 mL), and extracted with CH;Cl;.
Chromatography of the extract over silica gel with
hexane-ethyl acetate (7.3) elution gives the product as
an oil (5.06 g, 0.019 mol, 46%).
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EXAMPLE 13

Preparation of diethyl
5-ethylpyridine-2,3-dicarboxylate

I /'\T \ CO3E! CHzCIZ >

o]
Y
o COzEt

/YXCOQE:

COOE!

NH4OAc

NH4OH >

reflux

Diethy! ethoxymethyleneoxalacetate (3.17 g, 0.013
mol) is added to a solution of 1-morpholinobutene (1.84
g, 0.013 mol) dissolved in CH2C12 (40 mL) at 0°. The
solution is concentrated in vacuo, and ammonium ace-
tate (50 g), ammonium hydroxide (10 mL), tetrahydro-
furan (20 mL) and 95% ethanol (20 mL) are added. The
solution is heated to reflux for 30 minutes, then held at
3° for 72 hours. The reaction solution is then partitioned
between water and ethyl acetate. The organic layer is
dried over sodium suifate and concentrated in vacuo to
give the product (1.85 g, 0.0074 mol, 57%).

EXAMPLE 14

Preparation of diethyl
5-ethylpyridine-2,3-dicarboxylate

| /\Y \ cozst%

o
V4
0 COEt

/Y\/[coom

CQOEt

NH4Cl

HOAc E

90-95°

To a solution of diethyl ethoxymethyleneoxalacetate
(43.2 g, 0.16 mol) dissolved in CH3;OH (150 mL) at
—10° under N, is added 1-morpholinobutene (25 g, 0.16
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mol). The reaction is slowly warmed to room tempera-
ture over three hours, after which the CH30H is re-
moved in vacuo. The residue is dissolved in acetic acid
(100 mL) and this solution slowly added to NH4Cl (34.2
g, 0.64 mol) dissolved in acetic acid (200 mL) at 50°-70°.
The reaction is then heated to 90°-95° for two hours
and 30 minutes, concentrated in vacuo, partitioned be-
tween water and the CH;Cl,, and the organic phase
chromatographed over silica gel with
CH,C1,—CH3CN (95:5) elution to give the product as
an oil. Distillation at 123°~155° at 0.15 mm gives the

product (23.4 g, 83% pure, 55%).

EXAMPLE 15

Preparation of diethyl
6,7-dihydro-5H-pyridine-2,3-carboxylate

OH
ETOH
+ \ COE &
. /\T
V
\/ o o COE:
CO,E
NHOH o
CO;ZE

Diethyl hydroxymethyleneoxalacetate is prepared by
the method of R. Jones, J. Am. Chem. Soc. 73, 3684
(1951).

Diethyl hydroxymethyleneoxalacetate (5.0 g, 0.0231
mol) is dissolved in ethanol (50 mL) under Nj and
cooled to 3°. To this is added I-morpholinocyctopen-
tene (3.7 mL, 0.231 mol). The reaction is stirred for 20
minutes at a temperature of 3°-7° C., then treated with
concentrated NH4OH (10 mL), stirred at room temper-
ature overnight, then concentrated in vacuo. The resi-
due is partitioned between CH,Cl; and H,O, and after
further extraction of the aqueous layer with CH,Cl,
the combined organic layers are dried over Na2SO4 and
concentrated in vacuo to an orange oil. Chromatogra-
phy over silica gel with hexane-ethylacetate (4:1) elu-
tion gives the product as a yellow oil (0.85 g, 0.0032
mol, 14%).
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EXAMPLE 16

Preparation of diethyl
5,7-dihydro{3,4-b]pyridine-2,3-dicarboxylate and
diethyl
2,3-dihydrofuro[2,3-b]pyridine-5,6-dicarboxylate

Piperidine ; o

o

and

II

To a solution of tetrahydrofuran-3-one (J. Pharm.
Sci., 59, 1678 (1970); 46.5 g, 0.540 mol) in benzene (250
mL), stirred at room temperature, is added piperidine
(45.98 g, 0.540 mol) and p-toluenesulfonic acid monohy-
drate (0.46 g, 0.002 mol). The mixture is heated at reflux
under a Dean-Stark trap for four hours, cooled and
stripped to a dark brown oil consisting of a 1:1 mixture
of 2,3- and 2,5-dihydrofuran enamines (I and II; Recl.
Trav. Chim., 92, 865 (1973)). Then ethanol (500 mL)
and diethyl ethoxymethylene oxalacetate (178.79 g, 1.35
mol) is added and stirring continued for 45 minutes.
Ammonium acetate (1.24.87 g, 1.62 mol) is added and
the mixture is heated at reflux for 45 minutes. After
cooling, the solvents are removed and the off-white
solids diethyl dihydrofuro[3,4-b]pyridine-5,6-carboxy-
late and diethyl dihydrofuro{3,2-b]pyridine-5,6-car-
boxylate are separated by chromatography, on silica
gel, eluting with hexaneethyl acetate. The mass spec-
trum shows the parent peak (M +H/e) for both com-
pounds at 266.

EXAMPLE 17

Preparation of
5,7-dihydro[3,4-b]pyridine-2,3-dicarboxylic acid

COEt
NaOH 9 HCI ;
o I }3;{0
AN EtOH, A
. COZEt
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-continued
COH

COH

OCyH;

\ CO,C3Hs
+ —>

7
o

CO,CH5

CO2C2H5

CO2CyH;

C0O,C2H5

CO,CsHs5

The diester (6.64 g, 0.025 mol) is added to ethanol (50
mL) and water (50 mL), the mixture treated with
NaOH (10.0 g, 0.25 mol) and stirred at room tempera-
ture for three days. The mixture is then heated to reflux

~ for one hour, diluted with water (50 mL) to dissolve
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remaining solids, and again heated to reflux for three
hours. The ethanol is removed from the reaction in
vacuo, leaving an aqueous solution that is acidified with
concentrated HC], then concentrated in vacuo to a
solid. The solid is extracted with first acetone, and then
hot ethanol. The combined extracts are concentrated in
vacuo to give the diacid (2.93 g, 0.014 mol, 56% yield).

EXAMPLE 18

Preparatation of
5,7-dihydro[3,4-b]pyridine-2,3-dicarboxylic acid

anhydride
/ CO;H
o Ac;zO
AN
N COH
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-continued
0
o I o
AN
O

The diacid 5,7-dihydrofuro{3,4-b]pyridine-2,3-dicar-

48

vacuo, then disolved in methanol and passed thru a
small pad of silica gel to remove the polar material. The
methanol fractions are column chromatography over
silica gel with Hexane: EtOAc (19:1) elution to give the

5 product as a pale yellow solid (0.55 g, mol, 14% yield);
mp 115°~118°. Mass spectrum M-+H =304.

EXAMPLE 20

Preparation of diethyl

10 dihydrothieno[3,2-b]pyridine-5,6-dicarboxylate

Piperidine ¢ CL
s N N
o
and +

boxylic acid (2.93 g, 0.014 mol) is added to the acetic
anhydride (100 mL) and the mixture heated to o for
three hours. Solids (0.25 g) are removed by filtration
and the filtrate concentrated in vacuo. The initial pre-
cipitate is combined with the concentrate to give 5,7-
dihydro[3,4-blpyridine-2,3-dicarboxylic acid anhydride.

EXAMPLE 19

Preparation of
3,7-dihydro-3-(4-isopropyl-4-methyl-5-oxo-2-imidazo-
lin-2-yi)furof3,4-b]pyridine-2-carboxylic acid

/ o aniconuz

’ ~, NaOH «,_ HCI
° m A

AN

vl

The anhydride (2.52 g, 0.013 mol) is dissolved in THF
(100 mL) and treated with the amino amide (1.95 g,
0.015 mol). This mixture is stirred at room temperature
overnight, then another portion of amino amide (1.95 g,
0.015 mol) is added. The reaction is refluxed for 2.5
hours, cooled and concentrated in vacuo. The residue is
dissolved in H>O (80 mL) and NaOH (3.12 g, 0.078
mol). This solution is heated at 85° for one hour, then
stirred at room temperature overnight. The reaction is
then heated again at 85° for two hours, cooled, acidified
with conc. HCI to pH 2-3, and filtered. The desired
product is found in the filtrate which is concentrated in

A

OCyHs
\ CO2CoHs § / CO2CyH;
—> |
/ AN CO0,CyH5
(o] CO,C7Hs N

To a solution of tetrahydrothiopene-3-one (May-
15 bridge Chem. Co.; 20.0 g, 0.196 mol) in benzene (100
mL), stirred at room temperature, is added piperidine
(16.7 g, 0.196 mol) and p-toluenesulfonic acid monohy-
drate (0.20 g, 0.001 mol). The mixture is heated at reflux
under a Dean-Stark trap for four hours, cooled and
stripped to a dark brown oil consisting of a 1:1 mixture
of 2,3- and 2,5-dihydrothiophene enamines (Recl. Trav.
Chim., 92, 865 (1973)).
To the above enamine mixture is added ethanol (100
mL) and diethyl ethoxymethylene oxalacetate (72.1 g,

40

CO;H

H
N N
N

0.294 mol) and stirred for 45 minutes. Ammonium ace-
tate (45.3 g, 0.588 mol) is added in one portion and the
mixture is heated at reflux for 45 minutes.

After cooling, the solvents are stripped and the yel-
low solid diethyl dihydrothieno|3,2-blpyridine-5,6-
dicarboxylate product is obtained by chromatography
after eluting with hexane-ethyl acetate. The mass spec-
trum shows the parent peak (M +H/e) at 282.

Utilizing the above procedure and substituting the
appropriate enamine yields the compounds listed in
Table 1 below.
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TABLE 1

Ammonium
Enamine Solvent A Time A Temp A Source Solvent B Time B Temp B Yield Product
THF 2 hrs 0-25° EtOH +
@ NH40Ac COzEt
N /\ CO;Et
\/ 0
CHj EtOH 90 min -7 NH4OH EtOH 45 min Reflux 60% CH3
i i COZEt
N /\r N CO3Et 1:1
mixture
ol +
mixture
+ CO,Et
Q CHs N COzEt
CHj3 N ‘
o
EtOH 150 min 0-50° NH4OH + EtOH 24 hrs at 25° 25-60°
NH40Ac then 1 hr at 60°

/ COjEt

\

N COyEt

. 114
8ESTSTS

0s



TABLE I-continued

Ammonium
Enamine Solvent A Time A Temp A Source Solvent B Time B Temp B Yield Product
CH,CI 0° NH4OH + THF + 30 min at reflux  5°-reflux  43%
/_\_ NHsOAc  EtOH (i:1) then 48 hrs at 5° / CO,Et
\ |
o N
N COzEt
CH3;OH 3 hrs 10-25° NLCI HOAc 2.5 hrs 90-95° 54%
/.__\_ COZE(
N
(o4
N COyEL
THF 2 hrs 0-25" NH40H + EtOH
NHCH; NH4OAc / CO,EL
L, o5 |
/\/N—CH; N
f'q : N COyEt
CHj3
CHClp 2 hrs 3-25° NH4OH + CHCl— 65 hrs 25° 40%
NH40Ac H0 CH; / CO;Et
' N CO,Et
s EtOH 45 min 25°

COZEt

NH40Ac EtOH 45 min reflux 34% S
COzEt
N\
N

1S

(4

8€CTSTS



TABLE I-continued

Ammonium

Enamine Solvent A Time A Temp A Source Solvent B Time B Temp B Yield Product
0 EtOH 45 min 25° NH4O0Ac  EtOH 45 min Reflux 8% le)
10% / COE
N\
N N COzEt
/ COsEt
; o |
COsEt
o N
N
I:1 mixture

separated byl chromatography

€S

12]

8E€STSTS
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EXAMPLE 21
Preparation of triethyl
5-(3-carboxy-3-hydroxyacryloyl)-1,6-dihydro-6-o0xo-
2,3-pyridenedicarboxylate

(o]
i
/C /
CH; I COOC;Hs
o= COOC,Hs
N
|
H
?OOCzﬂs
COOCyHs
il
H—C~C COOC;H;s
C2Hs02C—C—0H o= COOC3H5

N
|
H

To absolute ethanol 900 mL is added Na pellets

(20.61 g, 0.896 mol, 5 eq), giving a clear colorless solu-
Diethyl 5-acetyl-1,6-dihydro-6-0x0-2,3-
pyridinedicarboxylate (50.00 g, 0.178 mol,) is added in

tion.

one portion, giving a finely divided pale yellow suspen-
sion which is stirred at room temperature for one and
one-half hours. Diethyl oxalate (170 mL, 1.25 mol)
diluted to 500 mL with absolute ethanol is added over
45 minutes, giving a bright yellow suspension, which is
stirred at room temperature for one and one-half hours.
The mixture is poured into 1500 mL water and acidified
to pH 2 with concentrated HCI, giving the product as a
yellow solid which is collected by filtration, having a
melting point 162°-164° C.

EXAMPLE 22

Preparation of triethyl
4-oxo-pyrano[2,3-b]pyridine-2,6, 7-tricarboxylate

]
H=-~C—C
C3H350,C—C—0H o=

5
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-continued
(o]
il
I I \ COOC,H;
C2Hs00C y COOC,H;
o N

The crude triethyl 5-(3-carboxy-3-hydroxyacryloyl)-
1,6-dihydro-6-0x0-2,3-pyridinedicarboxylate (82.16 g,
0.178 mol) is suspended under N3 in 1000 mL xylene
with stirring. p-Toluenesulfonic acid (1.00 g) is added
and the suspension is heated to reflux for twelve hours.
The solution is filtered to remove the impurities from
the starting material and the filtrate is concentrated to a
solid, which is recrystallized from methylene chloride/-
hexanes, giving the product as a yellow solid, (41.85 g,
64.8% over two steps having a melting point
106°-106.5° C.

EXAMPLE 23

Preparation of diethyl
1,8-naphthyridine-2,3-dicarboxylate

HyC—COOCHs
O=C—CQO0CsH;s

\LPipen'dine

\ COOC;Hs

| Y COOC3H;s

7 oo
A NH>

N

EtOH

/

N\

N N

2-Amino-3-formylpyridine (T. G. Majewicz and P.
Caluwe, J. Org. Chem. 39, 720 (1974); 37.1 g, 0.30 mol)
is suspended under N3 in 400 mis absolute ethanol with
stirring. Then piperidine (3 mL) and diethyloxalacetate
(115 g, 0.61 mol, 2 eq) are added and the mixture is
heated to reflux for 20 hours. Another 17 g diethyloxal-
acetate (0.09 mol) is added and heating is continued for
two hours. The mixture is cooled and concentrated to
an oil which is chromatographed using 4:1 hexanes-
/ethyl acetate, to give the product as a white to pale
yellow solid (52.00 g, 62.4%) melting point 88.5°-89.5°
C.

Likewise, 1-methyl-4-amino-1,2,3-triazole-5-carbox-
aldehyde (ref: Chem. Pharm. Bull 27, 2861 (1979) is
prepared in situ and condensed under the above condi-
to give diethyl I1-methyl-1,2,3-triazole[5,4-
b]pyridinedicarboxylate.

tions
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EXAMPLE 25

Preparation of diethyl
3-(p-chlorophenyl)-4-methyl-2-0x0-2H-pyrano[2,3-
b]pyridine-6,7-dicarboxylate

Cl

A
34 hours

58
solid is filtered and washed with water to give (17.0 g,
95%) of the product after drying. Recrystallization
from ethyl acetate affords the pure product (13.29, 74%
yield), melting point 170°-172° C.
5

CH,COOH

Diethyl 5-acetyl-1,6-dihydro-6-0x0-2,3-
pyridinedicarboxylate, (6.0 g, 0.0213 mol), 4-chlorophe-
nyl acetic acid (3.64 g, 0.0213 mol) and triethylamine
(3.0 g, 1.5 eq) are refluxed in 50 mL of acetic anhydride
for three and one-half hours and then stirred at room
temperature overnight. The reaction mixture is poured
into 100 mL of ice cold water and the pH is adjusted to
8 with an ammonium hydroxide solution. The crystal-
line solid is filtered, washed with water, dried and dis-
solved in 100 mL of methylene chloride. The solution is
dried over anhydrous sodium sulfate and the solvent
removed under reduced pressure to give the desired
product (8.8 g, 99%), which is crystallized from ethyl
acetate to give the pure product having a melting point
179°-181° C.

EXAMPLE 26

Preparation of diethyl
3-(m-chlorophenyl)-4-methyl-2-oxo0-2H-pyranof2,3-
" b]pyridine-6,7-dicarboxylate

CH2COOH

Cl

A
Acy0/Et3N 3 hours

Diethyl 5-acetyl-1,6-dihydro-6-ox0-2,3-
pyridinedicarboxylate (12.0 g, 0.043 mol), 3-chlorophe-
nyl acetic acid (7.33 g, 0.043 mol) and triethylamine
(6.52 g) are refluxed in 120 mL of acetic anhydride for
three hours. The reaction mixture is cooled, poured into
120 mL of ice-cold water and made alkaline to pH 8
with an ammonium hydroxide solution. The crystalline

25
30
35
EXAMPLE 27
Preparation of diethyl
© 5-[3-(dimethylamino)acryloyl}-1,6-dihydro-6-0x0-2,3-

pyridinedicarboxylate

‘CH3)3C—0
COXCyHs (CHz)3
CHN(CH3);
CO2CyHs
(CH3)3:C—0

60 Diethyl 5-acetyl-1,6-dihydro-6-0x0-2,3-
pyridinedicarboxylate, (25 g, 0.089 mol) and N,N-dime-
chylformamide dineopentyl acetal (50 mL, 98%, 40.62
g, 0.176 mol) are heated for 30 minutes at 80°-100° C.
After cooling to room temperature, the product is ob-
tained as a precipitate and is filtered and washed with
hexane to yield 23.4 g, 70% vyield, of solid which is
recrystallized from isopropanol to give a pure product,
melting point 182°-183° C.

65
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EXAMPLE 28

Preparation of diethyl
4-ox0-4H-pyranol[2,3-b]pyridine-6,7-dicarboxylate

Diethy! 5-[3-(dimethylamino)acryloyl-1,6-dihydro-6-
0x0-2,3-pyridinedicarboxylate (6 g, 0.0178 mol), and
p-toluenesulfonic acid (4.5 g, 0.021 mol) in acetic acid
(60 mL) are heated at reflux for three hours. The mix-
ture is then evaporated to dryness, neutralized with a
saturated NaHCOj solution and extracted with methy-
lene chloride. The organic solution is dried over Naj.
S04, and concentrated to a thick oil, which solidifies
after trituration with hexane-ether (4 g, 77%). The
product is recrystallized from isopropanol to give a
melting point 71°-72° C.

EXAMPLE 29

Preparation of diethy!
3,4-dihydro-4-hydroxy-2H-pyranopyridine-6,7-dicar-
boxylate and
3,4-dihydro-4-oxo0-2H-pyrano[2,3-b]pyridine-6,7-dicar-

60

purified by column chromatography to give the alcohol
(4.4 g, 54%) and the ketone (2.4 g, 28%).

EXAMPLE 30

5 Preparation of diethyl
2H-pyrano|2,3-blpyridine-6,7-dicarboxylate and diethyl
3,4-dihydro-2H-pyrano(2,3-b]pyridine-6,7-dicarboxy-

late
10 OH
\ CO2CaH5
I +H3C SO3H
15 Yy CO»CoHs
o] N
toluene\l/A
20
/ | \ CO,C7H5
y C0O,CyH5
(o] N
25
Hy/Pd/C | C2HsOH
30 I \ COCrHs
Y CO,CoH;
o N
35 Diethyl 3,4-dihydro-4-hydroxy-2H-pyranol[2,3-

blpyridine-6,7-dicarboxylate (4.4 g, 0.015 mol), and
p-toluenesulfonic acid (3.5 g, 0.018 mol) in toluene 100
mL) are heated at 150° C. for one and one-half hours.

boxylate The water formed is azeotropically distilled and col-
o
Il
CO,2CaH5 '
+ Ha/Pd/C
y C0O,C2H5
o N
C2H50H\1/HOAC
OH (o]
il
I \ CO,CoH; I \ CO,C3H5
+
y. CO,CH; y. COCoH;5
o N o N
Diefhyl 4-ox0-4H-pyrano{2,3-blpyridine-6,7-dicar- lected in 2 Dean-Stark trap. After cooling to room tem-

boxylate (8 g, 0.027 mol) and palladium on carbon (0.8
2, 10%) suspended in ethanol (250 mL) and acetic acid
{25 mL) are shaken under S0 psi hydrogen in a Parr
apparatus for 16 hours. The mixture is filtered and the
filtrate evaporated to dryness. The residue is neutralized
with a saturated NaHCOj; solution and then extracted
with methylene chloride and the methylene chloride
solution dried over Na;SO4 Evaporation of the solvent
gives the product mixture as an oil (8.34 g) which is

perature, the reaction mixture is evaporated to dryness
and then neutralized with a saturated solution of NaH-
COj; and extracted with methylene chloride. The meth-
ylene chloride layer is dried over Na;SO4 and evapo-
rated to give (2.71 g) oil (65%). The mass spectrum of
this oil confirms the structure as 2H-pyrano[2,3-b]pyri-
dine-6,7-dicarboxylic acid, diethy! ester.

The oil (2.71 g, 0.0098 mol) and Pd/C (10%, 0.27 g)
suspended in ethanol (60 mL) and reacted with 50 psi

65
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hydrogen in a Parr apparatus for one and one-half
hours. The mixture is filtered and the filtrate evaporated
to give (2.34 g) of the desired product as a white solid,
which has a melting point 66°-67° C.

EXAMPLE 31

Preparation of dimethyl
5-(2-chloroethyl)-6-chloro-2,3-pyridinedicarboxylate

10
Cl—CH;CH;
Cl 15
20
Cl—CH;CH; I \ CO,CH3
Cl Y CO,CH;3 25
N

Ozone gas is bubbled into a solution containing 2-
chloro-3-(2-chloroethyl)-5,8-dimethoxyquinidine (22.0 30
2); (O. Meth-Cohn, J. Chem. Soc., Perkin I, 1537-1543).
trimethylorthoformate (80 mL) and H>SO4 (2 mL) in
methanol (1.0 L) over five hours and 45 minutes. The
mixture is concentrated under vacuum and the remain-
ing oil dissolved in ether and washed with saturated 35
sodium bicarbonate solution. The aqueous layer is ex-
tracted with additional ether. The combined ether ex-
tracts are washed with a 5% sodium bisulfite solution
and then saturated sodium chloride solution. The or-
ganic layer is dried over anhydrous magnesium sulfate 40
and concentrated under vacuum affording 16.5 g (71%)
of dimethyl 5-(2-chloroethyl)-6-chloro-2,3-
pyridinedicarboxylate as an orange oil.

EXAMPLE 32

Preparation of dimethyl
I-methyl-2,3-dihydro- 1H-pyrrolof2,3-b]pyridine-5,6-

45

dicarboxylate
50
Cl=-CH,CH; / C0O,CH3
=\ l CO;CH;
N 55
|(CH3);NH

\ CO,CH3

Y CO,2CH;

N

CH3 N
65
Dimethylamine (7.5 g, 166.6 mol) is bubbled into a
solution of dimethyl S5-(2-chloroethyl)-6-chloro-2,3-

pyridinedicarboxylate (20.0 g, 66 mmol) in methanol

62

(400 mL) over three hours. The resulting solution is
stirred for 64 hours at room temperature and then four
and one-half hours at reflux. After cooling the mixture
is concentrated under vacuum and the crude product
chromatographed on 250 g silica using 2:1 hexanes:ethyl
acetate and then 1:1 hexanes:ethyl acetate as eluant,
affording 2.32 g (14%) of dimethyl 1-methyl-2,3-dihy-
dro-1H-pyrrolo[2,3-b]pyridine-5,6-dicarboxylate,
which is recrystallized from methylene chloride/hex-
anes, having a melting point 132°-133° C.

EXAMPLE 33

Preparation of dimethyl
1-methyl-1H-pyrrolo[2,3-b]pyridine-5,6-dicarboxylate

DDQ\ljioxone

\ CO2Me

Y COsMe

<

Me N

To a solution of 2.53 g (0.010 mol) dimethyl 2,3-dihy-
dro-1-methyl-1H-pyrrolo[2,3-b]pyridine-5,6-dicarboxy-
late in 40 mL dioxane is added 2.64 g (0.011 mol) 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone. The resulting
solution is stirred for 17 hours at 25° C. and for three
hours at reflux. The dioxane is removed under vacumn
and the residue is partitioned between 100 mL. CH>Cl;
and 100 mL at NaHCO; and filtered. The layers are
separated and the aqueous fraction is extracted with
2% 75 mL CH,Cl;. The combined CH»Cl; solutions are
dried over MgSO4 and are concentrated under vacuum.
The crude product is chromatographed on 50 g silica
using 2:1-hexanes:ethylacetate as eluant. Affords 1.90 g
(75%) of dimethoxy-1-methyl-1H-pyrrolo[2,3-b]-pyri-
dine-5,6-dicarboxylate as a yellow solid, mp 132°-133°
C.

EXAMPLE 34

Preparation of
triethyl-1,6-dihydro-6-0x0-2,3,5-pyridinetricarboxylate

OC,Hs
CyHs0,C—CH; HC=C—CO02C3Hs

O=C—NH; + O=C=-C0OyCyHs

NaOAC E‘SH
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-continued

A solution of ethylmalonamate (23.6 g, 0.18 mol) in
absolute ethanol (300 mL) is added to a stirred solution
of diethyl ethoxymethyleneoxalacetate (44.0 g, 0.18
mol) in ethanol (200 mL) at 0° C., followed by the addi-
tion, of solid sodium acetate (14.72 g, 0.18 mol). After
stirring for ten minutes at 0° C., the mixture is heated to
reflux and stirred for 13.5 hours. After cooling, the
ethanol is removed under vacuum, and the residue di-
luted with water and acidified to pH 2 with concen-
trated hydrochloric acid. The aqueous solution is ex-
tracted with methylene chloride (2 X200 mL) and the
organic layer washed with 300 mL saturated sodium
chioride, then dried over anhydrous magnesium sulfate
and concentrated in vacuum to give 45.0 g of the title
product as an orange oil.

EXAMPLE 35

Preparation of triethyl
6-chloro-2,3,5-pyridine-tricarboxylate

N
|
H
\tPOCI 3

C2H50,C | \ CO2CyH5
Cl Y CO;CyH;
N

A solution of triethyl 1,6-dihydro-6-0x0-2,3,5-pyri-
dine-tricarboxylate (39.7 g) in 300 mL of phosphorous
oxychloride and 0.5 mL dimethylformamide is stirred at
100° C. for four hours and 15 minutes. After cooling,
the excess phosphorous oxychloride is removed under
vacuum. The residue is taken up in 200 mL methylene
chloride and the solution poured into 500 mL of ice
water and the layers are separated. The aqueous layer,
made basic with concentrated ammonium hydroxide
and ice, is extracted with 150 mL methylene chloride.
The combined methylene chloride extracts are dried
over magnesium sulfate, filtered and concentrated
under vacuum, and the resulting crude product is chro-
matographed on silica using 5:1 hexanes:ethyl acetate
and then 4:1 hexanes:ethyl acetate as eluants affording
26.5 g (47%) of the title product as an oil.

10

15

20

30

35

45

50

55

65

64

EXAMPLE 36

Preparation of tetraethyl
6-[(carboxymethyl)methylamino]2,3,5-pyridinetricar-

boxylate
C2Hs0,0 / I COCoHs
Cl N\ CO,CaH;5
N
CH3NHCHCO,CHs.HCI |2 eq. EtaN
THF
CyHs0,C / | CO2CaH5
CszOzC—!I‘I N CO,CzHs

CH3 N

Sarcosine ethyl ester hydrochloride (13.91 g, 0.090
mol) is added to a stirred solution of triethyl 6-chloro-
2,3,5-pyridinetricarboxylate (26.2 g, 0.075 mo}) in tetra-
hydrofuran (THF, 200 mL) containing triethylamine
(23 mL, 0.166 mol) at 0° C. The resulting solution is
stirred for 24 hours at room temperature. The triethyl-
amine hydrochloride is removed by filtration and is
washed with 100 mL ether. The filtrate is concentrated
under vacuum and the crude product chromatographed
on silica using 4:1 hexanes:ethyl acetate as eluant afford-
ing 21.1 g (60%) of tetraethyl 6-[(carboxymethyl)me-
thylamino]2,3,5-pyridinetricarboxylate as a yellow oil.

EXAMPLE 37

Preparation of triethyl-3-hydroxy-1-methyl-1H-pyr-
rolopyridine-2,5,6-tricarboxylate

oty
O=C

| CO2C35H5

CZHSOZC—CHZ_T N CO,C3H5
CH3 N
NaOCszl:thanol

CHj3

N

Tetraethyl-6-[(carboxymethyl)methylamino)-2,3,5-
pyridinetricarboxylate (0.3 g, 0.73 mmol) in ethanol (10
mL) is added to a freshly prepared solution of sodium
ethoxide (2.1 mmol) in ethanol at room temperature.
The resulting orange solution is stirred for two hours at
room temperature, then is poured into 200 mL water
and the pH adjusted to 8 with saturated aqueous sodium
bicarbonate. The aqueous solution is extracted with
methylene chloride (3 X 100 mL). The combined methy-
lene chloride extracts are dried over anhydrous magne-
sium sulfate, filtered and concentrated under reduced
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affording triethyl-3-hydroxy-1-methyl-1H-
.28 g,

100%), which upon recrystallization from methylene 5

pressure,

pyrrolof2,3-b]pyridine-2,5,6-tricarboxylate

chloride/hexanes has a melting point 129°-130° C.

EXAMPLE 38
Preparation of diethyl 10
3-methyl-1H-pyrrolof2,3-b]pyridine-5,6-dicarboxylate
15
OH /
CO2C;H
C2HsO,C & I 2
liJ N CO»CoHs
CH: N 20
NaOH [H+, CH30H
A A
25
OCH;
Z | \ CO,;CH3
N CO2CH;3
| 4 30
CH3 N

A solution of triethyl 3-Hydroxy-l-methy]-IH-pyr-
rolo[2,3-b]pyridine-2,5,6-tricarboxylate (9.2 g, 0.025
mol) in 75 mL 2N sodium hydroxide is heated at 60° C.

for 21 hours. After cooling to 0° C., the reaction mix-

35

ture is acidified to pH 3 with concentrated hydrochloric
acid. The majority of the water is removed by azeo-
tropic distillation with toluene and the remaining solu-
tion (25 mL) is diluted with 300 mL) methanol. To this
solution is added (3 mL) concentrated sulfuric acid and 45
the resulting solution is heated for 64 hours at reflux.
After cooling, the reaction mixture is concentrated
under vacuum and the residue partitioned between 50
aqueous sodium bicarbonate (500 mL, 5%) and methy-
lene chloride (300 mL). The layers are separated and
the aqueous solution is extracted with additional (200 55
mL) methylene chloride.

The combined organic extracts are washed with 200
mL satufated sodium chloride solution, dried over an-
hydrous magnesium sulfate and concentrated under 6
vacuum. The crude product is chromatographed on
silica using 2:1 hexane ethyl acetate as an eluant, afford-
ing 2.04 g (29%) of diethyl 3-methoxy-1-methyl-1H- 65
pyrrolo[2,3-b]pyrrolo-[2,3-b]pyridine-5,6-dicarboxy-
late, mp 73°-74° C.

66
EXAMPLE 39

Preparation of diethy!
5-acetyl-],6.-dihydro-6-0x0-2,3-pyridinedicarboxylate,

5-oxime

NaOCH;3
NH;OH.HCl {EtOH

CHj3

Hydroxylamine hydrochloride (4.94 g, 0.0711 mol)
and sodium methoxide (7.68 g, 0.1422 mol) are added to
a solution of diethyl 5-acetyl-1,6-dihydro-6-0x0-2,3-
pyridinedicarboxylate (20.00 g, 0.0711 mol) dissolved in
absolute ethanol (450 mL) under an N atmosphere. The
reaction mixture is heated to reflux for 40 minutes and is
then stirred at room temperature overnight. The mix-
ture is then acidified to pH 4-5 with glacial acetic acid
and diluted with water (200 mL). The removal of the
ethanol in vacuo results in the precipitation of an off-
white solid. which is collected by filtration, washed
with water, and air dried to give diethyl S-acetyl-1,6-
dihydro-6-0x0-2,3-pyridinedicarboxylate, S-oxime,
melting point 140°-142° C.

EXAMPLE 40

Preparation of diethyl
S-acetamido-1,6-dihydro-6-0x0-2,3-pyridinedicarboxy-
late and diethyl
2-methyloxazolo[5,4-b]-pyridine-5,6-dicarboxylate

socu\Lcncn 3
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-continued -continued
5 H)N / COyCyH;5
(o] CO,CyH;
N N
;'{ ;'{
10
+ . 0
Hydrogen chloride gas is bubbled into a solution of
. N\ coscsts diethyl 5-acetamido-1,6-dihydro-6-0x0-2,3-
CH3—<Z | 15 pyridinedicarboxylate (5.2 g, 0.018 mol) dissolved in
(o] y CO2C7H5

N

Thionyl chloride (35.5 mL, 0.486 mol) and three
drops of N,N-dimethylformamide are added to a solu-
tion of diethyl 5-acetyl-1,6-dihydro-6-0x0-2,3-
pyridinedicarboxylate, 5-oxime (47.99 g, 0.162 mol)
dissolved in chloroform (800 mL) under an N3 atmo-
sphere. The reaction is stirred at room temperature for
one hour, then stirred at room temperature overnight.

The solution is concentrated in vacuo and the residue
partitioned between methylene chloride and water. The
two phase system is neutralized with 2M sodium hy-
droxide solution and the aqueous layer separated and
extracted with methylene chloride. The combined or-
ganic solutions are dried over anhydrous sodium sul-
fate, concentrated in vacuo and chromatographed over
silica gel with 1-30%;ethyl acetate in methylene chlo-
ride to give diethyl 5-acetamido-1,6-dihydro-6-ox0-2,3-
pyridinedicarboxylate in 58% yield, which upon crys-
tallization from methylene chloride/hexane has melting
point 149°-151° C.

The fractions enriched with the 2-methylox-
azolopyridine are chromatographed over silica gel with

20

25

30

35

hexane/ethyl acetate (3:1) eluant. Recrystallization of 45

the product from methylene chloride/hexane gives
diethyl 2-methyloxazolo{5,4-blpyridine-5,6-dicarboxy-
late as pale yellow crystals in 17% yield having a melt-

ing point 101°-103° C.
EXAMPLE 41
Preparation of diethyl
5-amino-1,6-dihydro-6-0x0-2,3-pyridinedicarboxylate
H
|
N
CH3_"/ l CO,CoH5
o o= CO,C2H;

-7

HCl\lftOH

50

55

65

absolute ethanol (400 mL) until the solution is saturated
at 20° C. The reaction is stirred at room temperature
overnight and is then concentrated in vacuo. The result-
ing residue is dissolved in water, neutralized with solid
sodium bicarbonate, and extracted into methylene chlo-
ride. The combined organic extracts are dried over
anhydrous sodium sulfate. filtered and concentrated in
vacuo to give diethyl 5-amino-1,6-dihydro-6-0x0-2,3-
pyridinedicarboxylate as a yellow solid in quantitative
yield.

EXAMPLE 42

Preparation of diethyl
2-ethyloxazolo[5,4-b]pyridine-5,6-dicarboxylate

HaN / | COOCyHs
o COOCsHs
N
|
H

TEOP\tJTSOH

Diethyl
dicarboxylate (7.57 g, 0.030 mol), is suspended in mL
triethylorthopropionate (TEOP 0.30 mol). A small
amount of p-toluenesulfonic acid is added and the mix-

5-amino-1,6-dihydro-6-oxo-pyridine-2,3-

ture is heated at reflux for 65 hours. The triethylortho-
propionate is removed in vacuo and the resulting oil is
purified by column chromatography. The tractions
containing the pure desired product are combined and
stripped to a honey-colored oil weighing 7.38 g, yield
84.8%.
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EXAMPLE 43

Preparation of
2-methyloxazole[5,4-b]pyridine-5,6-dicarboxylic acid

\ CO,C7Hs

Ve CO,CoHs

N

CH3—<Z |
.0

N

278.3

NaOH \LMcOH

\ COOH

/—COOH

N
CH3—</ |
[o]

N

2221

To a solution of diethyl 2-methyloxazolof5.4-blpyri-
dine-5,6-dicarboxylate (5.42 g, 0 0195 mol) dissolved in
absolute methanol (160 mL) is added a 10% aqueous
sodium hydroxide solution (36.1 mL, 0.0974 mol). A
white precipitate slowly forms. The reaction is stirred at
room temperature for one hour, diluted with water (20
mL) to dissolve the precipitate, and concentrated in
vacuo The residue is dissolved in water and acidified to
pH 2-3 with concentrated HCl. The resulting white
precipitate is collected by filtration, washed with water,
and air dried to give 2-methyloxazolo[5,4-b]pyridine-
5,6-dicarboxylic acid in 61% yield, melting point
235°-236° C. (dec).

EXAMPLE 44

Preparation of
2-methyloxazolo[5,4-b]pyridine-5,6-dicarboxylic

anhydride
N \ COOH
CHy—<Z |
o /—COOH
N
222.1

204.1

A suspension of 2-methyloxazolof5,4-bjpyridine-5,6-
dicarboxylic acid (4.84 g, 0.0218 mol) in acetic anhy-
dride (150 mL) is slowly heated to 70° C. at which point
all the solids dissolve forming a yellow solution. The
reaction mixture is heated at 70° C. overnight, cooled to
room temperature, and concentrated in vacuo. Xylene
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is added to remove excess acetic anhydride by codistil-
lation. 2-Methyloxazolo[5,4-b]pyridine-5,6-dicarboxylic
anhydride is obtained as a pale yellow solid in 97%
yield melting point 194°-196° C.

EXAMPLE 45

Preparation of
2-methyloxazolo[5,4-b]pyridine-5,6-dicarboxylic
acid-6-diamide

CH3
O + NH;—C—CONH;
CH(CH3)2

N\ COH  cus

y CONH—C—CONH,
CH(CH3);

N

CH;—<Z I
o

N

The anhydride (4.33 g) is dissolved in 150 mL of
acetonitrile and the solution cooled in an ice bath and
3.03 g of the aminoamide is added. A white precipitate
forms immediately. The reaction mixture is warmed to
room temperature and allowed to stir overnight. The
solid product is removed by filtration, washed with
acetonitrile, and dried in a vacuum oven, giving 6.3 g,
89%, mp 193°-196° C.

In a manner similar to the above other acid diamides
and acid amide thioamides are prepared and appear in
Table II below.

TABLE 11

[1-Carbamoyl-1,2-dimethylpropyl)carbamoy]
heteropyridine carboxylic acids

b / COOH CH3
C!5 N | CO—NH—C—CO—NH;
N CH(CH3)2
Heteropyridine mp °C.
7NN\
|
N\ Vs
N N

124-30
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TABLE Il-continued
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TABLE Il-continued

[1-Carbamoyl-1,2-dimethylpropyl)carbamoyl
heteropyridine carboxylic acids

[1-Carbamoyl-1,2-dimethylpropyl)carbamoyl}
heteropyridine carboxylic acids

5
CD / | COOH  CH, D / | COOH  cn,
E N CO=—NH~—C—CO—NH; . CE \ CO~~NH=—C—CO—NH;
N CH(CH3)2 10 N CH(CH3)2
Heteropyridine mp °C. Heteropyridine mp “C.
30
CH3;O \
Y
II\I N
35
CH3
116
45  CHs -
(I)CH3 — / /
N |
\ 50
(o] N
V.
N 'OCH;; —
N
193-196 55
N \ CH;
Cm_(/ y
(]
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TABLE Il-continued
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TABLE Il-continued

[1-Carbamoyl- 1,2-dimethylpropyl)carbamoyl
heteropyridine carboxylic acids

N\

CD I COOH CH3
E A\ CO=—NH--C—CO—NH;
N CH(CHz3)2
Heteropyridine mp °C.
I\- ]: /:
qu N
CH3
N\
!'\1 N
CH3
/ 193-195
N
o] N
188-190 (dec})
N\
S N

[1-Carbamoyl-1,2-dimethylpropyl)carbamoyl
heteropyridine carboxylic acids

5
(D / I COOH  cp,
- TE\ CO—NH—C—CO—NH;
10
N CH(CHz3)2
Heteropyridine mp “C.
15 Cl —

e

30

35

138-141
/
|
N
N
118-121
/
|
N
N
72-75
N\
V

192-193
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TABLE Il-continued

[1-Carbamoyl-1,2-dimethylpropyl)carbamoy!
heteropyridine carboxylic acids

7/

[1-Carbamoyl-1,2-dimethylpropyl)carbamoyl
heteropyridine carboxylic acids

5 /
I COOH CH3

. D
- D COOH CH
( I . : - CE N\ CO=NH=—C~=CO—NH»
E A\ CO—NH*C=--CO=--NH;
N CH(CH3);
N CH(CH3), 10
Heteropyridine mp °C.
Heteropyridine mp °C. o —
|OCHj - \
( (T
Vs
s N
s -
20 AN
Vi
S N
25 _
S
<
S
- 30
s / -
35 |
NO; 0 N N\
o N
40 o /
< |
$ N\
N
45
e = EXAMPLE 46
N \ Preparation of diethyl
Cﬂs—( 1,6-dihydro-5-hydroxy-6-0x0-2,3-pyridinedicarboxy-
| 50 late
N /
N

N —

COOC;Hs
+ CF3CO3H 4 K3HPO4

COOCyHs
i/dioxane
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A solution of trifluoroperacetic acid is prepared by
dropwise addition of trifluoroacetic acid (154 mL, 1.09
mol) into a 500 mL dioxane solution containing 96 mL
. (0.94 mol) of 30% H,0; at 0° C. under N; atmosphere.

2,3-Pyridinedicarboxylic acid, 5-acetyl-1,6-dihydro-
6-ox0, diethyl ester (43.81 g, 0.156 mol) and K;HPO4
(124.81 g, 0.716 mol) dissolved in 500 mL dioxane in a
three week reaction flask are added dropwise the above
trifluoroperacetic and solution under N2 atmosphere.
The suspension is heated to 95° C. for 20 hours.

The mixture is filtered to isolate the inorganic salts.
Evaporation of the filtrate gives an oil (35.84 g, 90%).
NMR indicated about 90% pure of the desired product:
MS, m/e=255.

EXAMPLE 47

Preparation of diethyl
1,4-dioxino|[2,3-b]pyridine-6,7-dicarboxylate

+ BrCH3CH;,Br

HO / I COOC,Hs

(o] COOC3Hs

KzCO_;\LDMA

o
/ COOCsyHs
A » | COOCyHs
o N

A mixture of 2,3-pyridinedicarboxylic acid, 1,6-dihy-
dro-5-hydroxy-6-oxo0-, diethyl ester (17.55 g, 0.069 mol)
and K2C03 (10.4 g, 0.075 mol) suspended in 100 mL of
N,N’-dimethylacetamide (DMA) is heated to 100° C.
under N> atmosphere. They 1,2-dibromoethane (14.2 g,
0.076 mol) in 20 mL DHA is added dropwise into the
suspension. The resulting mixture is heated to 170° C.
for 20 hours.

After cooling to room temperature, the mixture is
filtered to remove the insoluble salts. The filtrate is
vacuum distilled over the residue is extracted with
EtOAc. Evaporation of the EtOA ¢ solution give 8.74 g
of dark oil. Mass spectrum of this oil indicates it con-
tains about 50% of the desired product. The pure com-

N
|
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pound is obtained by liquid column chromatography. .

MS, m/e=281. Yield of the desired product based on
the starting material, 21%.

EXAMPLE 48

" Preparation of diethyl
1,3-dioxolo[4,5-b]pyridine-5,6-dicarboxylate

HO / COOC;Hs
| . 4+ ICHaI
[s] COOCsHs
N _
1'4 K2C03J/DMA

55

65

78
-continued
0o \ COOCyH;
<,
(e ] y COOCyHs
N

A mixture of 2,3-pyridinedicarboxylic acid, 1,6-dihy-
dro-5-hydroxy-6-oxo-, diethyl ester (7.85 g, 0.031 mol)
and K2CO3(4.7 g, 0.034 mol) suspended in 80 mL DMA
is heated to 100° C. under N> atmosphere. Then dii-
odomethane (8.5 g, 0.032 mol) in 20 mL. DMA is added
dropwise into the suspension. The resulting mixture is
heated to 140° C. for 20 hours. The mixture is filtered to
remove insoluble salts. The filtrate is vacuum distilled
and the residue dissolved in CH,Cl;. The CH:Cl; solu-
tion is passed through a thin column of silica-gel and
celite. Evaporation of CH,Cl; gives a light brown oil
(1.83 g). Mass spectrum of this oil suggests it contains
about 33% of the desired product. The pure compound
is obtained by liquid column chromatography. MS,
m/e, 267. :

EXAMPLE 49

Preparation of diethyl
7,8-dihydro-5H-pyrano{4,3-blpyridine-2,3-dicarboxy-

late
(]
C|)C2H5
+ HC=C—C0,C2H5
/ O=C—C0,CoHs
N(CH3);
EtOH, 0° | NH4OAc

A solution of diethyl ethoxymethyleneoxalacetate
(2.33 g, 0.00954 mol) dissolved in absolute ethanol (40
mL) is added dropwise to a cooled (5° C.) solution of
3,6-dihydro-N,N-dimethyl-2H-pyrano-4-amine  (Hell-
berg, L. H., Juarez, A. Tet. Lett., 3553 (1974)) (1.00 g,
0.00786 mol) dissolved in ethanol (15 mL). The reaction
is stirred at 5° C. for 30 minutes, treated with ammo-
nium acetate (1.80 g, 0.0233 mol), and stirred overnight
at room temperature. The ethanol is removed in vacuo,
and the residue is partitioned between methylene chlo-
ride and water. The separated aqueous layer is extracted
with methylene chioride. The combined organic solu-
tions are dried over anhydrous sodium sulfate, concen-
trated in vacuo, and chromatographed over silica gel
with hexane/ethyl acetate (3:1) as eluant, to give diethyl
7,8-dihydro-5H-pyrano{4,3-b]pyridine-2,3-dicarboxy-
late as a yellow oil in 72% yield.
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EXAMPLE 50

Preparation of diethyl
7,8-dihydro-5H-thiopyrano[4,3-b]pridine-2,3-dicar-

boxylate
OCH,CH;
/ \ 0
N O + HC=C~—COCH,CH;3

0=C—ﬁOCH2CH3

EtOH {NH4OAc

0°C.—>>rt.  |A

Diethyl ethoxymethylene Oxalacetate (6.50 g, 1.5 eq)
is slowly added (ten minutes) to a solution of 4-(3,6- 2
dihydro-4H-thiopyran-3-yl)-morpholine (Verhoever et
al., Tetrahetron Lit; 209, 1977), (3.25 g, 1 eq) in 30 mL
absolute ethanol at 0° C. (ice bath). The mixture is mag-
netically stirred for one hour, whereupon ammonium
acetate (3.75 g, 3 eq) is added and the mixture is heated
at reflux and stirred for an additional three hours. The
solution is cooled and the solvent removed in vacuo.
The viscons red syrup is flash chromatographed eluting
with hexanes and gradually increasing the eluant polar-
ity to 15% ethyl acetate/hexanes. The crystalline com-
pound is recrystallized (ether/heptanes) to afford 3.30 g
(63%) of white crystals, mp 65°~66° C.

EXAMPLE 51
Preparation of ethyl
2-formy!-7,8-dihydro-5H-pyrano[4,3-b}pyridine-3-car-
boxylate

The diester (2.8 g) is dissolved in 100 mL toluene and
chilled to —70° C. under a nitrogen atmosphere.
Diisobutylaluminum hydride (DIBAL-H), (16 mL, 1
molar solution in toluene) is added dropwise over two
hours and then additional acetic acid, water and ether
are added. A white solvent is removed by filtration and
the filtrate concentrated in vacuo to yield an orange oil
which is redissolved in methylene chloride, washed
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with brine, magnesium sulfate, filtered and the solvent
removed to give the product as an oil.

Flash chromatography on silica gel using 1:1 hexanes
ether give the aldehyde ester in 30% yield.

EXAMPLE 52
Preparation of ethy!
4-amino-1-methyl-2-pyrrolecarboxylate
.

N

HsCzOzC—“ “
NO.

10% Pt/C
H; |EtOH

2

e
N

HzCzOzC—“ “
NH

Ethyl 1-methyl-4-nitro-2-pyrrolecarboxylate (16.0 g,
0.081 mol) (M. J. Weiss, J. S. Webb and J. M. Smith, J.
Amer. Chem. Soc., 79, 1266 (1957)) is dissolved in (200
mL) ethanol and (1.60 g) of 10% platinum on carbon is
then added. The mixture is shaken for 16 hours in a
PARR hydrogenator. The catalyst is removed by filtra-
tion through a pad of celite and the filtrate is concen-
trated in vacuo to a yellow oil. The oil is carried on
directly without purification.

EXAMPLE 53

Preparation of 5-ethyl, dimethyl
[(5-carboxy-1-methylpyrrol-3-yl)amino]maleate

2

o
N

H5C202C—“ H
NH;

Ether/H;0
DMAD |NaOAc

o

N
HsC20,C HC—CO,CH;3
C=CO,CH;3
N\ /
N

|
H

Unpurified ethyl 4-amino-1-methyl-2-pyrrolecarbox-
ylate (0.081 mol) is added to (50 mL) anhydrous ether
and (50 mL) water and the mixture cooled to 0° C.
Dimethyl acetylenedicarboxylate (DMAD, 10.95 mL,
0.089 mol) is dissolved in 25 mL anhydrous ether and
added dropwise to the stirred mixture so that the reac-
tion temperature remains below 15° C. After stirring
cold for five minutes, sodium acetate is then added in



81
portions until the pH of the aqueous layer is 9. The
two-phase red mixture is then allowed to warm to room
temperature and stirred for 15 hours. The layers are
separated, and the ethereal layer concentrated in vacuo
to give the product as a red oil which is carried on
without purification.

EXAMPLE 54
Preparation of 2-ethyl dimethyl

1-methylpyrrolo{3,2-b]-pyridine-2,5,6-carboxylate
o
N
H;sC0,2C CH—CO,CH3
C—CO,CHj
. N/
N
]
H
POCI3
DMF [DCE
e
N
HsC,0:C \ CO,CH3
Y CO,CH3
N

Dimethylformamide (0.089 mol) is dissolved in

acetone/ice mL dichloroethane and cooled to 0° C. in
an bath. Phosphorous oxychloride (0.089 mol, 8.3 mL)
is added dropwise over five minutes. The clear colorless
solution is allowed to warm slowly to room tempera-
ture, whereupon it gradually turns yellow. Unpurified
5-ethyl dimethyl-[(5-carboxy-1-methylpyrrol-3-
yhamine]maleate (0.081 mol) is dissolved in 50 mL
dichloroethane and added dropwise to the cooled rea-
gent so that the reaction temperature remains below 5°
C. The mixture is allowed to warm to room temperature
and is then stirred for six hours. The solution is
quenched with ice and the resulting layers separated.
The organic layer is concentrated in vacuo to a brown
solid which is recrystallized from ethyl acetate, yielding
21.3 g (82.1%) of the tan solid product, having a melting
point 161.5°-163° C.

EXAMPLE 55

Preparation of diethyl
6-methyl-5-nitro-2,3-pyridinedicarboxylate

i OCaHs
O;NCH)CCH3 + HC=CH—CO0,C;H5
0=CH=—CO0;C:H;

NaOACJ:ImOAC

02N / I CO2CsH;s

H3C \ COCaH;s
N
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Diethyl ethoxymethyleneoxalacetate (150.4 g, 0.616
mol, 1 eqg) is dissolved in 300 mL absolute ethanol under
& nitrogen atmosphere and the mixture is cooled to
—10° C. in an ice/acetone bath. Unpurified 1-nitro-2-
propanone (prepared by the method of D. Baker and S.
Putt, Synthesis, 1978, 478-9, assumed to be 63.448 g,
0.616 mol) dissolved in 100 mL absolute ethanol is then
added to the stirred solution. Sodium acetate (101.06 g,
1.232 mol) is then added in portions so that the tempera-
ture of the reaction remains below 10° C,, followed by
the addition of ammonium acetate (94.6 g, 1.232 g). The
reaction mixture is allowed to warm to room tempera-
ture and is then stirred for 16 hours. The mixture is
filtered through two pads of silica gel which are then
eluted with methylene chloride. The filtrate is concen-
trated in vacuo to a thick dark oil which is chromato-
graphed using hexanes as eluant, yielding the product in
an 18.2% yield (31.4 g), having a melting point
90°-91.5° C.

EXAMPLE 56

Preparation of diethyl
6-[2-(dimethylamino)vinyl]-5-nitro-2,3-pyridinedicar-

boxylate
/ OCHj3
O:N CO2C2Hs
I + (CH3)2N—CIJH
H3C COCoH
30—\ 2C2Hs OCH;
N i
02N / CO,CoH;
(CH;3);NCH=CH A\ CO2C,Hs

N

N,N-Dimethylformamide dimethylacetal (18.38 mL,
0.138 mol) is mixed with diethyl 6-methyl-5-nitro-2,3-
pyridinedicarboxylate (30.0 g, 0.106 mol). The solid
mixture is heated to 55° C. for two hours and the result-
ing red solution is then cooled to room temperature.
The solid, which forms upon cooling, is treated with
anhydrous ether and the product collected by filtration
in 94% yield, having a melting point 128°-129.5° C.

Similarly, diethyl 6-[2-(dimethylamino)propenyl]-5-
nitro-2,3-pyridinedicarboxylate, having a melting point
112°-113.5° C., is prepared in 93% vyield from N,N-
dimethylacetamide dimethylacetal and diethyl 6-meth-
yl-5-nitro-2,3-pyridinedicarboxylate.

Diethyl 6-[2-(dimethylamino)styryl}-5-nitro-2,3-
pyridinedicarboxylate is also prepared, using the above
method, from N,N-dimethylbenzamide diethyl acetal
and diethyl 6-methyl-5-nitro-2,3-pyridinedicarboxylate.
A modification in the procedure of the latter is that
upon cooling the dark red solution is partitioned be-
tween ether and water. The ethereal layer is separated
and concentrated in vacuo to a dark red oil, which was
carried on without purification.
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EXAMPLE 57

Preparation of diethyl
I-hydroxypyrrolof3,2-b]pyridine-2,3-dicarboxylate

O3N /

| COCyHs
(CH3);NCH=CH A\

CO;H;

N

NaHzPOz.HzO\LlO% Pd/C

5

84

dure. The pale yellow solid product is purified by chro-
matography and recrystallized from ethyl acetate.

EXAMPLE 58

Preparation of diethyl
1-methoxypyrrolo[3,2-b]pyridine-5,6-dicarboxylate and
diethyl
1-methylpyrrolo[3,2-b]pyridine-5,6-dicarboxylate

?H
N
\ COsH;
y, CO,CH;5
N
CH3;! |DMF
t-BuOK
(')CH3 C|3H3
N N
\ CO2CsHs \ COyCsH;
+
y CO2CsH5 Y CO,2C3Hs
N N
35
™ 4
N
\ CO,C7Hs
y CO2C3Hs
N
Diethyl 6-[2-(dimethylamino)vinyl-5-nitro-2,3-

pyridinedicarboxylate (30.9 g, 0.092 mol) is dissolved in

(500 mL) tetrahydrofuran under nitrogen and 3.1 g of 50

10% palladium on carbon is added all at once to the red
solution. Sodium hypophosphite (121.00 g, 1.375 mol)
dissolved in water is then added dropwise to the solu-
tion over three hours and hydrogen gas evolution is
noted during this time. Ether (500 mL) is added to the
pale yellow reaction mixture and the two phase mixture
is filtered through a pad of celite. The ethereal layer is
separated and concentrated in vacuo to give the prod-
uct as a pale yellow solid in 98% yield, having a melting
point 154°-158° C.

Similarly, diethyl 1-hydroxy-2-methylpyrrolof3,2-
b]pyridine-5,6-dicarboxylate is prepared in 95% vyield,
having a melting point 178°-179.5° C,, from 6-[2-(dime-
thylamino)propenyl]-5-nitro-2,3-pyridinedicarboxylate.

Diethyl 1-hydroxy-2-phenylpyrrolof3,2-b]pyridine-
5,6-dicarboxylate, having a melting point of 179°-182.5°
C., is also prepared from 6-[2-(dimethylamino)styryl]-5-
nitro-2,3-pyridinedicarboxylate using the above proce-

45

55

65

Diethyl 1-hydroxypyrrolo3,2-b]pyridine-5,6-dicar-
boxylate (25.2 g, 0.091 mol) is dissolved in 100 mL
dimethylformamide and the solution cooled to 0° C.
under nitrogen. Potassium t-butoxide (20.42 g, 0.182
mol) is added over 15 minutes so that the reaction tem-
perature is no higher than 15° C. The red solution is
stirred for 15 minutes and methyl iodide (11.33 mL,
0.182 mol) is then added dropwise over 15 minutes, so
that the reaction temperature is no higher than 15° C.
The mixture is allowed to warm to room temperature
then stirred for 16 hours. The resulting suspension is
filtered and the mother liquors concentrated in vacuo.
The resulting oil is partitioned between ethyl acetate
and water (pH 8), and the organic layer separated and
concentrated in vacuo.

The resulting yellow oil, containing a mixture of
diethyl 1-methoxypyrrolo[3,2-b]pyridine-5,6-dicar-
boxylate, is chromatographed using 9:1 hexane/ethyl
acetate and increasing the polarity to 2:1 hexane/ethyl
acetate. The fractions containing the methoxy product
(confirmed by NMR) are combined and concentrated in
vacuo to give 53.2% yield of a pale yellow solid, melt-
ing point 87.5°-89° C. The fractions containing the
methy! product are combined and concentrated in
vacuo to give 23.8% yield of a tan solid, melting point
97°-100° C.
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EXAMPLE 59

Preparation of diethyl
1-methoxy-2-phenylpyrrolo[3,2-b]pyridine-5,6-dicar-
boxylate

CH3l |DMF

CI)CH3
l N

\ CO2C2Hs

y CO,CoH5

N\

N

1-Hydroxy-2-phenylpyrrolo[3,2-b]pyridine-5,6-dicar-
boxylate (1.3 g, 0.0037 mol), is dissolved in 50 mL di-
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methylformamide and cooled to —30° C. under nitro- 30

gen. Potassium t-butoxide (0.85 g, 0.007 mol) is added
over ten minutes so that the reaction temperature is no
higher than —24° C. The red solution is stirred for five
minutes and methyl iodide (0.87 mL, 0.014 mol) is then
added dropwise over five minutes so that the reaction
temperature is no higher than A20° C. The mixture is
then allowed to warm to room temperature and stir for
16 hours. The suspension is concentrated in vacuo. The
resulting oil is partitioned between ethyl acetate and
water (pH 8). The organic layer is separated and con-
centrated in vacuo. The resulting yellow oily solid is
flash chromatographed using 9:1 hexane/ethyl acetate.
The product is obtained as a pale yellow solid weighing
1.0 g (73.5% yield) having a melting point 95°~96.5° C.
Similarly, diethyl 1-methoxy-2-methylpyrrolo[3,2-
b]pyridine-5,6-dicarboxylate is prepared from diethyl
1-hydroxy-2-methylpyrrolo[3,2-b]pyridine-5,6-dicar-
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boxylate in 95% yield having melting point 94.5°-96.5°
C.

EXAMPLE 60

Preparation of diethyl
1-(allyloxy)pyrrolo[3,2-b]pyridine-5,6-dicarboxylate

OH
|

\ CO,C3H;

Y CO,CaH;s
N

H;C=CHCH3»Br |{THF
NaH

(|)CH2CH=CH2

N
\ COzCzﬁ 5

Y CO,CoH5
N

Diethyl 1-hydroxypyrrolo3,2-b]pyridine-5,6-dicar-
boxylate (6.2 g, 0.022 mol) is dissolved in (200 mL) dry
tetrahydrofuran and cooled to 0° C. under nitrogen.
Sodium hydride (0.77 g, 0.033 mol) is added in portions
over ten minutes and the reaction is stirred for 30 min-
utes at 0° C. Allyl bromide (2.01 mL, 0.024 mol) is
added all at once to the suspension and the mixture
allowed to warm to room temperature and then stirred
for 16 hours. The mixture is filtered and the filtrate
concentrated in vacuo. The resulting oil is chromato-
graphed using 4:1 hexanes/ethyl acetate and then in-
creasmg the polarity to 2:1 hcxanes/ethyl acetate to
give the product as a yellow oil in 89% yield.

EXAMPLE 61

Preparation of diethyl
1-(difluoromethoxy)pyrrolo[3,2-b]pyridine-5,6-dicar-
boxylate and diethyl
pyrrolo[3,2-b]pyridine-5,6-dicarboxylate

OH
&
\ CO,2CoH5
y CO2CyHs
N
NaOCH3; |EtOH

CF,CIH
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-continued

(I)cm'z

Z—T

N

\ CO,C7H;5

Y. CO,2C5H;5

N N

Sodium methoxide (8.1 g, 0.15 g} is added slowly
over 15 minutes to diethyl 1-hydroxypyrrolof3,2-bjpyri-
dine-5,6-dicarboxylate (6.94 g, 0.025 mol), suspended
- under nitrogen in 100 mL absolute ethanol at 0° C. The
mixture is then heated to reflux and Freon 22 gas is
bubbled through the reaction suspension for six hours.
Additional sodium methoxide (8.1 g, 0.15 mol), is added
in portions at reflux and the Freon addition stopped
after a total of eight hours. The reflux is continued for
16 hours. Additional sodium methoxide (8.1 g, 0.15 mol)
is added and Freon 22 gas is again bubbled through the
suspension for six hours at reflux.

The Freon gas addition is then stopped and the mix- .

ture is heated for 72 hours at reflux. The mixture is
cooled to room temperature and ethanolic HCl added
until a2 pH 4-5 is achieved. The solid suspension is fil-
tered and the filtrate concentrated in vacuo to a yellow
oil which is chromatographed using 4:1 hexane/ethyl
acetate, to give the title product as a yellow oil, 16.2%
yield. The major side product collected is diethyl pyr-
rolo[3,2-b]pyridine-5,6-dicarboxylate in 52% yield as a
pale yellow solid, having a melting point 109°-111°C.

EXAMPLE 62

Preparation of diethyl
1-methoxy-3-chloropyrrolo{3,2-b}-pyridine-5,6-dicar-

boxylate
(‘)C H3
N
\ CO,C5H;5
V. CO,C32H5
N
NCS
Benzoyl |{CCly
Peroxide
(I)CH 3
N

\ CO,CyHs5

Cl Y CO,yCyHs

N

Benzoyl peroxide (0.91 g, 0.037 mol) is added to di-
ethyl l-methoxypyrrolo[3,2-b]pyridine-5,6-dicarboxy-
late (1.0 g, 0.003 motl) dissolved in (40 mL) carbon tetra-
chloride under a nitrogen atmosphere and the suspen-
sion stirred for ten minutes. N-Chlorosuccinimide (0.84
g, 0.0063 mol) is then added and the reaction heated at
60° C. for four hours. The mixture is cooled to room
temperature and the inorganics are removed by filtra-
tion. The organic mother liquors are washed with water
and sodium bisulfite and concentrated in vacuo to an
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\ CO,CyH;

Y CO2CyHs

orange oil. The oil is flash chromatographed using hex-
anes and then 4:1 hexanes/ethyl acetate, giving the title
product as an off-white solid in 51% yield, having a
melting point 146°-148° C.

The ethereal mother liquors are concentrated in
vacuo and dissolved in (100 mL) acetic acid. Palladium
on carbon (0.44 g, 5%) is added and the mixture is
shaken for 16 hours under 50 psi hydrogen in a Parr
hydrogenator. The reaction is stopped and the dark
solution is filtered through a pad of celite and concen-
trated in vacuo. The resulting oil is chromatographed
using 7:1 hexane/ethyl acetate and then 3:1 hex-
ane/ethyl acetate, to give the title product as a pale
yellow solid in 31% yield, having a melting point
109°-111°C.

EXAMPLE 63

Preparation of diethyl
pyrrolo[3,2-blpyridine-5,6-dicarboxylate

O3N | \ CO72CyH;
(CH3)2)NCH=CH y CO2C7H5s

N

H; |10% Pd/C

H
|
N
\ CO,CoH5
y CO,CoH5
N
Diethyl 6-[2-(dimethylamino)vinyl]-5-nitro-2,3-

pyridinedicarboxylate (20.0 g, 0.059 mol) is partially
dissolved in 200 mL acetic acid and then (0.6 g) 5%
palladium on carbon is added all at once. The mixture is
shaken for 16 hours under psi hydrogen in a Parr hydro-
genator. The reaction is stopped and the suspension is
diluted with ethanol and filtered through a pad of celite.
The mother liquors are concentrated in vacuo to a dark
red oil. Trituration with ether gives the N-hydroxy
compound as a white solid in 40% vyield, having a melt-
ing point 154°-158° C.

The ethereal mother liquors are concentrated in
vacuo and dissolved in 100 mL acetic acid. Palladium
on carbon (0.44 g, 5%) is added and the entire mixture
is shaken for 16 hours in a Parr hydrogenator. The
reaction is stopped and the dark solution is filtered
through a pad of celite and concentrated in vacuo. The
resulting oil is gravity chromatographed using 7:1 hex-
ane/ethyl acetate and increasing in polarity to 3:1 hex-
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anc/ethyl acetate. A pale yellow solid is collected.
Yield: 31%, melting point 109°-11120 C.

EXAMPLE 64

Preparation of dimethoxy
3-chloro-1-methyl-1-H-pyrrolo-[2,3-b]pyridine-5,6-

dicarboxylate
\ CO,CH3
Y CO,CH3
IIQ N
CH;j;
\LNCS
Cl \
COsCH3
Y. COCH;3
II‘J N
CH3

To a solution of (1.74 g, 0.0070 mol) dimethoxy meth-
yl-1H-pyrrolo[2,3-bipyridine-5,6-dicarboxylate in 50
ml CCls is added a mixture of 0.98 g (0.0073 mol) N-
chlorosuccinimide and 0.18 g (0.00073 mol) benzoyl
peroxide. The resulting solution is stirred for four hours
at reflux and hours at 60° C. The solution is cooled to
room temperature, diluted with 100 mL CH;Cl; and
washed with 5% NA,S;0s. The aqueous. layer is ex-
tracted with an additional 50 mL CH,Cl; and the com-
bined organic solutions are dried over MgSQ4 and con-
centrated under vacuum. The crude product is chro-
matographed on 50 g silica using 3:1 hexanes:ethy! ace-
tate as eluant to afford 0.87 g (44%) of dimethoxy-3-
chloro-1-methyl-1H-pyrrolo[2,3-b]pyridine-5,6-dicar-

boxylate as a yellow solid, mp 129°-137° C.

EXAMPLE 65
Preparation of IH-pyrazolo[3,4-b]quinoline

o

\EKT

(o]

NaH4
—=>

N

Hydrazine hydrate (10 g, 0.20 mol) is added dropwise
to a suspension of 2-iodoquinoline-3-carboxaldehyde
ethylene ketal (65.5 g, 0.20 mol), (0. Meth-Cohn, J.
Chem. Soc., Perkin I, 2509 (1981), m.p. 104.5°-106.5° C.
in methanol (250 mL) containing triethylamine 28 mL)
at reflux. After refluxing overnight additional hdyrazine
hydrate (10 g) is added and the mixture is stirred at
reflux for another six and one-half hours. Concentrated
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90 .
hydrochioric acid (75 mL) is then added dropwise,
while the mixture is refluxing and the reaction contin-
ued for one hour. The reaction mixture is cooled,
poured onto ice and allowed to stand for two days. A
red solid is removed by filtration and the filtrate is con-
centrated by rotary evaporation to remove methanol.
The remaining solution is adjusted to pH 9 with concen-
trated ammonium hydroxide and the cream colored
precipitate is filtered, washed with water and air dried.
Recrystallization from ethanol gives an analytical sam-
ple, melting point 207°-208° C., calcd. for C1oH7N3:C,
70.99; H, 4.17; N, 24.84. Found: C, 70.82: H, 4.06: N,
24.18. ’

EXAMPLE 66

Preparation of
1H-pyrazolof3,4-b}pyridine-2,3-dicarboxylic acid

Crude 1H-pyrazolo3,4-b]quinoline is suspended in
water (300 mL) and heated to 60° C. The heat source is
removed and a total of 100 g of potassium permanga-
nate (0.64 mol) is added in portions so as to maintain the
reaction temperature below 72° C. Additional water
(100 mL) is added after addition of one-half of the per-
mangate. Upon completion of the addition the mixture
begins to cool, and it is heated to 100°.C. for 25 minutes,
then cooled to room temperature. The mixture is fil-
tered through celite, and the solids washed with hot
water (100 mL). The filtrate is acidified to pH 2 with
concentrated hydrochloric acid and the resulting solu-
tion is concentrated on the rotary evaporator to 75 mL,,
and chilled in an ice bath. The solids which precipitate
are filtered off and dried in an oven at 50° C. overnight,
giving 11 g. Recrystallization from 95% ethanol gives
the pure product having mp 270°-285° C. (slow dec).

EXAMPLE 67

Preparation of diethyl
1H-pyrazolo[3,4-b]lpyridine-5,6-dicarboxylate

\ COOH
V. COdH

N

EtOH\l/H2504
A
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-continued

A suspension of 1H-pyrazolo3,4-b]pyridine-5,6-dicar-
boxylic acid (62 g) in 500 mL of an ethanol sulfuric acid
mixture (10:1 by weight) is heated at reflux for 16 hours.
The suspension is cooled and filtered and the filtrate
concentrated in vacuo. Column chromatography using
hexanes/ethyl acetate (4:1) elution gives 4.0 g of the
title product as an oil.

EXAMPLE 68
Preparation of diethyl

10

15

1-methyl-1H-pyrazolo[3,4-b]pyridine-5,6-dicarboxylate 20

and diethyl
2-methyl-2H-pyrazolo[3,4-blpyridine-5,6-dicarboxylate

\ COOC:H;5

y COOCyH;

-+
CH—N

Vi

N N N

| |
H H

N

To a solution of diethyl 1H-pyrazolo{3,4-bpyridine-
5,6-dicarboxylate (4.0 g, 0.015 mol) in THF (50 mL) at
50° C. is added a NaH (0.70 g of 60%, 0.018 mol) disper-
sion in mineral oil. The mixture is stirred for ten minutes
and then methyl iodide (2.84 g, 0.020 mol) is added. The
mixture is stirred overnight at room temperature, then
concentrated in vacuo to give a crude mixture of the
isomers which are separated by column chromatogra-
phy (hexanes/ethyl acetate (4:1) elution), affording 1.2
g (28.5%) of 1H-pyrazolo{3,4-b]pyridine-5,6-dicarboxy-

45

50

92

To 33.6 (0.4 mol) of A2-dihydropyran in 240 mL of
tetrahydrofuran is added 140 mL of 1.0 M solution of
borane in tetrahydrofuran (0.015 equiv. of hydride) at 0°
to 5° C. The reaction mixture is stirred at this tempera-
ture for three hours and then warmed to 25° C. and
stirred for an additional two hours. The organic borane
is oxidized at 40° to 45° C. by adding 72 mL of 3N
sodium hydroxide solution followed by dropwise addi-
tion of 48 mL of 30% hydrogen peroxide. After the
reaction mixture is stirred for one to two hours at room
temperature, a saturated sodium chloride solution is
added and the phases are separated. The aqueous phase
is extracted with 5100 mL portions of ether and the
combined organic layers are dried over anhydrous so-
dium sulfate. The solvent is removed under reduced
pressure giving the product as a colorless oil, 38.3 g,
yield 92.5 . which when analyzed by gas chromatogra-
phy gives a single peak, bp 40°-50° C.

EXAMPLE 70
Preparation of tetrahydropyranone-3

o o

K,CrO4/H;804

SO S

OH

\ COOC;,Hs

Y/ COOC,Hs

Jones reagent is prepared by adding in portions 74.2 g
(0.249 mol) of potassium dichromate dihydrate to a

late as the faster eluting product, and 2.6 g (61.8%) of 55 cooled solution of 87.10 g (0.88 mol) of concentrated

the 2H-pyrazolo[3,4-b]pyridine-5,6-dicarboxylate as the
slower eluting product as oils.

EXAMPLE 69

Preparation of 3-hydroxytetrahydropyran
o 0
1. BH;
THF
I T NeOT >

H;0, OH

60

65

sulfuric acid in 125 mL of water. This reagent is added
dropwise to a cold solution (ice-bath) of (38.28 g, 0.375
mol) 3-hydroxytetrahydropyran, in 125 mL of ether
over a period of three hours. The mixture is stirred for
three hours at 0° C.,, after which another 125 mL of
ether is added and the mixture is warmed to room tem-
perature and stirred overnight. Ice cold water 100 mL is
added and the layers are separated. The aqueous layer is
extracted with 4 x 100 mL portions of ether, the organic
phases are combined and dried over anhydrous magne-
sium sulfate. The solvent is removed under reduced
pressure giving the product as a light yellow oil, 26.37
g, 70% yield.
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EXAMPLE 71

Preparation of morpholine,
4-(3,4-dihydro-2H-pyran-5-yl})-

HN O/benzene

p——

PISOH, &

v

L7

—

Tetrahydropyranone-3, (25.38 g, 0.253 mol) is re-
fluxed in 75 mL of benzene overnight with 33.0 g (0.38
mol, 1.5 equiv.) of morpholine and a catalytic amount of
p-toluene sulfonic acid until the theoretical amount of
water (4.7 mL) is separated within a Dean-Stark trap.

15

20

The benzene is removed on a rotary flash evaporator 2°

and the product isolated as a clear red oil in 95% yield.

EXAMPLE 72
Preparation of
2H-pyrano[3,2-b]pyridine-6,7-dicarboxylic acid,
3,4-dihydro-diethyl ester

(o]
| N 0

OCyHs

1. HC=C—CO;C3H5s EtOH, 0° C.

one-two

O=C—CO0,;C2Hs hours

2. RT, NH4OAc 65-70° C.

two hours

An ethanol solution solution (100 mL) containing
diethyl ethoxymethylene oxalacetate (50.2 g, 0.205 mol)
is added to a stirred ethanol (100 mL) solution contain-
ing the enamine (23.2 g, 0.137 mol) prepared in Example
53 at 0° C. and the mixture stirred for two hours. The
reaction mixture is allowed to warm to room tempera-
ture and ammonium acetate (42.2 g) is added. After
stirring overnight at room temperature, additional am-
monium acetate (21.1 g) is added and the mixture is
heated at 70° C. for two hours and is then allowed to
cool to room temperature. Water (250 mL) is added and
the resulting mixture extracted with methylene chloride
(5% 150 mL). The organic layer is separated, dried over
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anhydrous Na;SQg, filtered and the solvent removed -

under reduced pressure. The resulting oily residue is
purified by column chromatography on silica gel with a

94
methylene chloride ethyl acetate mixture (99:1) as the
eluant to give the title product as a yellow oil in 17%
yield.
EXAMPLE 73

Preparation of
diethyl-7,8-dihydro-6H-thiopyrano[3,2-b]pyridine-2,3-
dicarboxylate

S\\N/""\
e

OCH,CHj3
o

O + C=C—C—OCH:CH3

O0=C~—C—O0OCH:CH3

1. EtOH

0°C. ——>RT
2. NH4OAc

A

A\
COCH;CH;3

y |C|:OCH2CH3
N

Diethyl ethoxymethylene oxalacetate (289 g, 1.1
equiv.) is added siowly, over ten minutes to a solution of
4-(5,6-dihydro-4H-thiopyran-3-yl)morpholine ~ (Hirsh
and Wang, Syn Comm. 12, 333 (1982) (assumed quanti-
tative yield of morpholio enamine; 0.107 mol; one
equiv.) in 300 mL of absolute ethanol cooled to 0° C.
(ice bath). The mixture is stirred for one hour where-
upon ammonium acetate (21.5 g: 3 equiv.) is added and
the mixture heated at reflux and stirred an additional
three hours. The mixture is cooled and the solvent re-
moved in vacuo. The red syrup is flash chromato-
graphed eluting with hexanes and gradually increasing
eluant polarity to 15% ethyl acetate/hexanes to give
7.81 g (25%) of a clear yellow oil.

EXAMPLE 74

Preparation of methyl 2-aminopyrazine-3-carboxylate

N N
4
l COOH -y, 0H/H,504 E 4 | COOCH;
A\ NH> N NH;
B N

3-Aminopyrazine-2-carboxylic acid (55.5 g, 0.4 mol)
is suspended in 400 mL of methanol, cooled in an ice
bath and concentrated sulfuric acid (80 mL) is gradually
added with stirring and stirring then continued for 48
hours at room temperature. The resulting dark brown
solution is poured into 700 mL of water containing
sodium bicarbonate (160 g). The brown crystalline solid
which precipitates is collected and dried. The crude
product is purified by recrystallization from water to
yield the product as yellow needles in 63% yield, melt-
ing point 169°-170° C.
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EXAMPLE 75
Preparation of pyrazine methanol, 3-amino

COOCH3 | A/ THE CH,0H
—_—
RT NH,

Lithium aluminum hydride (2.4 g, 0.003 mol) is added
in increments to a stirred suspension of methyl 3-
aminopyrazine-2-carboxylate (9.0 g, 0.059 mol) in 600
mL of tetrahydrofuran, in a 2 liter 4-neck flask fitted
with a Nj-inlet tube, thermometer, and a condenser
over a period of 30 minutes. After the reaction mixture
is stirred at room temperature for an additional hour,
water 20 mL is added with caution and the solids which
form are filtered off. The filtrate is dried over anhy-
drous sodium sulphate, and filtered. The solvent is re-
moved under reduced pressure, giving a yellow semi-
solid residue, 6.5 g, 88% yield. A portion of his solid is
extracted with methylene chloride, which gives a crys-
talline solid, melting point 112°~119° C.

EXAMPLE 76
Preparation of 3-aminopyrazinecarboxaldehyde

C ) (] o

A suspension of 3-aminopyrazine methanol, 6.3 g
(0.05 mol) and manganese dioxide (38.0 g) in 400 mL of
chloroform is stirred at room temperature for two hours
and the resulting solid is filtered off. The filtrate is evap-
orated to dryness which gives the desired product as a
yellow crystalline solid, (5.00 g, 82% yield) having a
melting point 110°-114° C.

EXAMPLE 77
Pyrido[2,3-b]pyrazine-6,7-dicarboxylic acid, diethyl

ester
CHO
NH;
Pxpendme/toluene
CO,C3Hs
y COyCyH5

Diethyl oxalacetate, (4.7 g, 0.025 mol) and piperidine
(1.66 g, 1.93 mL) are added to 3-aminopyrazine-2-car-
boxaldehyde (2.4 g, 0.0195 mol) dissolved in 250 mL of
toluene. After the reaction mixture is refiuxed for two
hours, the toluene is removed under reduced pressure to

MnOz/CHCh
RT two hours

HzC'— CO2C3Hs
O== C—C02C2H5
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give a dark red oily residue. The product is purified by
column chromatography on silica gel (hexane:EtOAc,
4:1), affording 3.1 g (58% yield), of the crude desired
product. Crystallization from ether-hexane (4:1) gives
analytical]y pure compound 1.5 g (289) having a melt-
ing point 83°-85° C.

EXAMPLE 78
Preparation of 4-pentynyl methanesulfonate

OH + CH3S0C
/\/\/

EtOH

TEA
O———>RT

B
VYAVAY s
O

To pentyne-4-o0l (Farchan Chemical Co) (42.0 g; 0.5
mols) in 500 mL ether at —5° C. (dry ice bath) is added
in a rapid dropwise fashion triethylamine (104.8 mL;
0.75 mols) diluted with 100 mL ether. While maintain-
ing the temperature at or below 15° C. throughout,
methane sulfonyl chloride, (94.2 mL; 0.70 mols) diluted
with 100 mL ether, is added dropwise over 45 minutes.
The thick suspension is stirred an additional 30 minutes,
after which the precipitate is filtered. The filter cake is
washed with ether and the combined ether layers
washed twice with water, then once with brine. The
ether layer is then dried over anhydrous magnesium
sulfate and solvent removed under reduced pressure to
yield the product as a pale yellow oil; yield 64 g (79%),
which is used in the next step without further purifica-
tion.

A small sample is purified by bulb-to-bulb distillation,
boiling point 70°-85° C., 0.15 mm Hg).

EXAMPLE 79

Preparation of S-(4-pentynyl)thiosemicarbazide, 1:1 salt
with methanesulfonic acid

i NH—NH;
OSCHj; + '
/ \ / \ / Il =C—NH,
EtOH
A
NH—NH;

C=NH.CH3;SO3H
\/ \H/ \/ P

Thiosemicarbazide (27.3 g; 0.3 mols) is suspended in
200 mL ethano! and brought to reflux. Crude 4-pen-
tynylmethanesulfonate (51.0 g; 0.32 mols), diluted with
50 mL ethanol, is added dropwise to the suspension
over minutes. The solids all dissolve after a few hours
and refluxing it continued for 48 hours. Removal of
solvent under reduced pressure yields the product as a
thick amber oil which is washed three times with hot
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ether. The crude product is used in the next step with-
out further purification.

EXAMPLE 80
Preparation of dimethyl 2,3-dioxosuccinate

HO
C—C0;©Na®
CH3;0H

0=C—C0;CH;
HCI E

O=C-CO,CH3

HO
HO

C—C0,©9Na®
HO

A suspension of 250 g of 2,3-dihydroxytartaric acid,
disodium salt hydrate (Aldrich) in one liter of methanol
is saturated at 0° to 10° C. with gaseous HCI and al-
lowed to stand for one week at 5° C. Solids are removed
by filtration and the solvent is then removed to give a
thick yellow oil. Vacuum distillation of the oil gives the
desired product boiling point 92°-101° C., 2.3-2.5 mm,
suitable for use in the following steps.

EXAMPLE 81

Preparation of dimethyl ,
2H-dihydrothiopyrano{2,3-b]pyridine-6,7-dicarboxy-

late
]
CH30C—C=0 HzN-TI‘IH
cg3o'c_|cl=o NH=C\ /CH;\ /cnz\ //CH
I 1) CH; C
EuN .CH2SO;H
Chlorobenzene
A
28 hours
[a) N
Il / AN
CH30C N
CH
RN NP NN
o N s CH2 c
(o]
Il
CH,0C / I
cn;oﬁ N\
o N )

A mixture of S-(4-pentynyl)thiosemicarbazide meth-
anesulfonic acid salt (25.0 g; 0.1 mols) in chlorobenzene
(175 mL) is cooled to —5° C. in an ice-acetone base
under 2 nitrogen purge. Triethylamine (14.0 mL; 0.1
mol) in chlorobenzene (25 mL) is added dropwise over
30 minutes and the mixture is stirred another 20 minutes.
A solution of dimethyl! 2,3-dioxosuccinate (26.0 g; 0.1
mols, assuming 65% purity) in chlorobenzene (50 mL)
is added dropwise over 30 minutes, causing most of the
thick oil to dissolve. The ice bath is removed and the
solution is brought to reflux. After refluxing for 28
hours, the solution is cooled, and solids removed by
filtration. The filtrate is concentrated under reduced
pressure and the residue partitioned between water and
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ethyl acetate. The water layer is washed with fresh
ethyl acetate, and the combined organics are washed
with saturated NaCl and dried over MgSQ4. The sol-
vent is removed under reduced pressure, and the resid-
ual oil chromatographed (waters prep 500 HPLC; 3%
ethyl acetate in methylene chloride). The fractions con-
taining the desired product are combined and solvent is
removed under reduced pressure. The product is ob-
tained as a light beige solid (7.5 g) which is recrystal-
lized from 2-propanol to obtain a crystalline off-white
solid (6.4 g), homogeneous by TLC mp=_82°-85° C.

EXAMPLE 82

Preparation of
6-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)-1H-1-
methyl-pyrazolo-{3,4-b]pyridine-5-carboxylic acid

1. Base

2. acetic anhydride
CH3

3. HRN—C—CONH:

CH(CH
4. Base (CHa)
Y
CHj3
CO;H N CH(CH3)2
N
AN

1;4 N N =0

CH;3 lI-I

Diethyl-1-methyl-1H-pyrazolo[3,4-b]pyridine-5,6-
dicarboxylate (24 g) in 200 mL of 1:]1 ethanol-water is
heated as reflux overnight, then concentrated on a ro-
tary evaporator. The residue is acidified to pH 1 with
6N HCI, cooled and filtered to remove the solid diacid
product, which is then washed with cold water and air
dried. The yielde is (32%) of crude diacid mp 228°-229°
C. {dec).

The diacid (9 g) in acetic anhydride (40 mL) is stirred
at 85°-90° C. for two hours. The reaction mixture is
filtered while hot and the filtrate is concentrated under
reduced pressure to yield the crude anhydride as a gum.
The product is dissolved in tetrahydrofuran (50 mL),
2-amino-2,3-dimethylbutyramide is then added and the
mixture is stirred while heating to 40° C. for one and
one-half hours and then at reflux for 16 hours. Upon
completion of the reaction, the mixture is cooled to
room temperature and concentrated in vacuo. The resi-
due is dissolved in aqueous NaOH (10 g/100 mL), 100
mL) and the resulting solution is stirred at 75°-85° C.
for four hours. After cooling to room temperature the
reaction mixture is cooled to 10° C. and acidified to pH
2 with concentrated hydrochloric acid.

The resulting precipitate is collected by filtration,
dried and purified by column chromatography on silica
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gel utilizing ethyl acetate-ethanol on the eluant to give TABLE IH

the title product as a tan solid having a melting point
239°-243° C.

(Imidazolin-2-yl)fused heteropyridine carboxylic acids

CH3
EXAMPLE 83 b COH N CH(CH3)
Preparation of (
‘1-(4-isopropyl-4-methyl-5-0x0-2-imidazolin-2-y1)-4H-
2,3-dihydro-4-methylpyranof2,3-b]pyridine-6-carboxy- 10

lic acid

L—Z

Fused heteropyridine mp °C.

223.0-224.0

15 / \

N N
j—CH(CHm 20
=0 247.0-250.0

5% Pd/C, Hy
EtOH/K,CO3 RT

25

226.0-227.0
30

35
239.0-243.0
The crude 2H-pyranopyridine imidazoline carboxylic

acid is suspended in 10 mL of water and to this suspen-
sion is added 10 mL of 15% aqueous potassium carbon-
ate solution. The material dissolves to give a clear yel-
low-brown solution. Ethanol, 95% (40 mL) is added to
the solution slowly, so that the layers do not separate.
5%/Pd/C, 100 mg is added to this solution and the 45
mixture is agitated on a Parr hydrogenator overnight.
The mixture was filtered and evaporated to dryness.
The residue is taken in 50 mL of water and washed with
2X25 mL portions of methylene chloride which are 50
discarded. The aqueous layer is made acidic with con-
centrated HCI to pH 1, while cooling in an ice bath and
extracted with 550 mL portions of methylene chlo-
ride. 55
The combined methylene chloride extracts are dried
over anhydrous sodium sulfate, filtered and the solvent
is removed under reduced pressure. This gives the
product as shiny, slightly yellowish fluffy solid, mp 60
95°-99° C. '
Utilizing the procedure of Example 43, 44, 45, 82 and
83, and substituting the appropriate fused heteropyri-
dine dicarboxylic acid and amino amide or amino thio-
mide yields the (imidazolin-2-yl)fused heteropyridine
compounds listed in Table III below.

40

180.0-185.0

282.0-283.0

> 350

CHj;

65
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TABLE Ill-continued

102
TABLE IIl-continued

(Imidazolin-2-yDfused heteropyridine carboxylic acids

CH3

COH N CH(CH3);

mp °C.

170.0-173.0

236.0-239.0

199.0-201.0

220.0-222.0

164.0-166.0

155.0-167.0
(dec)

188.0-190.0
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(Imidazolin-2-ylfused heteropyridine carboxylic acids

CHj3
CD COH N CH(CH3)2
E
N l?t =0
H
Fused heteropyridine mp "C.
(I)CH3 225.5-227.0
CH3—I
95.0-99.0
(IJH3 215.5-218.0
N \
Y
N
264.0-266.0
\ 215.0-221.0
Y
1;1 N
CH3
178.0-179.0
230.0-233.0
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103
TABLE IIl-continued

104
TABLE Ill-continued

(Imidazolin-2-y)fused heteropyridine carboxylic acids

(Imidazolin-2-yDfused heteropyridine carboxylic acids

CH; 5 CH3
(D CO;H N CH(CH3)2 CD CO;H N CH(CH3);
E E
N N =0 N N =0
] 10 ]
H H
Fused heteropyridine mp °C. Fused heteropyridine mp °C.
CH; — 134-138
| 15 /
N )
AN < |
I ’7N
4 N
N 20
CHj3; -
195.0-197.0
B
/
N
5
2 N
N Vi
N
30 166-169
CH;3 256.0-258.0
35
Cl CH; 248.0-250.0
40
o N 45 200.0-204.0
/ / 198.0-201.0
| 50
N
o N 209.0-210.0
l's) 147.0-150.0
/ 55
N
o N .
€0 272.0-284.0
CH3; 247.0-252.0 \
/ \ Cl
| Vi
P 65 lf N
O N CH;



3,252,538

105
TABLE IIl-continued

106
TABLE IIl-continued

(Imidazolin-2-yfused heteropyridine carboxylic acids

CH;
CD COH N CH(CH3),
E
N Il\l =0
H
Fused heteropyridine mp °C.
CH3 257.0-262.0

OCH;3 208.0-210.0

264.0 (dec)

7 -
N
/
(X ]
s N
o -
/I
(X
s N
S —
/
|
N
s N
« 7
< |
5 =\

th

10

25

30

35

40

55

Imidazolin-2-yl)fused heteropyridine carboxylic acids

\ CH3
CD l CO;H N CH(CH3)2
E Y 7
N N =
]

(o]
H
Fused heteropyridine mp °C.
- S / —

( ﬁ

o N

o
< |

$ =N\

N
EXAMPLE 84

~ Preparation of
2-(4-isopropyl-4-methyl-5-0x0-2-imidazolin-2-yl)-8-
oxide-1,8-naphthyridine-3-carboxylic acid

7NN\ iy
COOH N CH(CH3)2
N N N —=0
h

mCPBA
CH,CH;
MeOH

CH
/ I \ COOH N i:H(CH;)z
v

N —=0
|
H

m-Chloroperbenzoic acid (37.70 g) is added in one
portion of 2-(4-isopropyl-4-methyl-5-ox0-2-imidazolin-
2-yl)-1,8-naphthyridine-3-carboxylic acid (27.32 g,
0.087 mol, 1 equiv) suspended in 465 mL methylene
chloride and 300 mL methanol under N3 and the mix-
ture is stirred at room temperature for 15 hours. The
suspension is filtered and the filtrate concentrated to a
yellow solid which is recrystallized from me-
thanol/ether, yielding the product as a dark yellow
solid, (10.84 g, 37.7% yield, having a melting point
219°-221° C. (dec).
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EXAMPLE 85

Preparation of methyl
7-chloro-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-
yl)-1,8-naphthylidine-3-carboxylate

CH;
CH(CH3); .

\lfOCh

/ \ CHj3
l COOCH3; N CH(CH3)2
Cl A Y 7
N N TI‘I =0
H

Methyl 2-(4-isopropyl-4-methyl-5-0x0-2-imidazolin-
2-yl)-8-oxide-1,8-naphthylidine-3-carboxylate (4.11 g,
0.012 mol) is suspended under N2 in 80 mL phosphorous
oxychloride and heated to 53° C. for one hour. The
solution is stripped to an oil, taken up in ethyl acetate
and washed with water, a 10% sodium carbonate solu-
tion and brine. The organic layer is dried over Na;SOq,
filtered and concentrated to a brown solid. The solid is
purified by chromatography on silica gel, using methy-
lene chloride and then 7:3 methylene chloride/ethyl
acetate. The fractions containing the desired product
are combined and the solvent removed yielding the title
product as an off-white solid (1.77 g, 40.9%) havmg a
melting point 161°-162° C

EXAMPLE 86

Preparation of
2-isopropyl-2-methyl-7,8-dihydro-5H-pyrano[4,3-
blimidazo[2',1':5,1]pyrrolo[3,4-e]pyridine-3-(3H),

5-dione

=0

CH(CH3)2
CHj;

N

=0
N q— CH(CH3)2

CHj3

Dicyclohexylcarbodiimide (2.94 g) is added to a sus-
pension of the imidazolinone (1.2 g) in methylene chio-
ride (100 mL). After stirring for three days at room
temperature, the mixture is filtered to remove a white

15

45

50

55
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solid bi-product and the filtrate is concentrated to give
an oily solid which contains the product. Chromatogra-
phy on silica gel using 9:1 methylene chloride:methanol
gives 0.92 g of the desired product.

Using essentially the same procedure and using the
appropriately substituted imidazolinyl heteropyridine
carboxylic acid, gives other substituted imidazopyr-
roloheteropyridine-3,5-diones or 3-thione-5-ones.

EXAMPLE 87
Preparation of
3-isopropyl-3-methyl-7,8-dihydro-5H-pyrano[4,3-

blimidazo[2',1':5, 1]pyrrolo[3,4-e]pyridine-2(2H),
5-dione

CO2HYy
|
N
=0
CH(CH3),
CH3
AC0
pyridine
DME
CH;
CH(CH3);
=0

To a suspension of 6-(4-isopropyl-4-methyl-5-0xo0-2-
imidazolin-2-y1)-7,8-dihydro-SH-pyrano[4,3-blpyridine-
carboxylic acid (1.17 g, 3.75 mmol) in 20 mL dimeth-
oxyethane (DME) is added 1.0 mL acetic anhydride
and 0.5 mL pyridine. After stirring 24 hours at room
temperature, the solids are filtered and washed with
ether and the mother liquor is concentrated by adding
xylene to remove pyridine. The residue is triturated
with ether and combined with the first crop to give 1.10
g (100% of product as a solid.

Using essentially the same procedure and using the
appropriately substituted imidazolinyl heteropyridine
carboxylic acid, gives other substituted imidazopyr-
roloheteropyridine-2,5-diones, or 2-thione-5-ones.

EXAMPLE 88
Preparation of methyl
2-(4-isopropyl-4-methyl-5-0x0-2-imidazolin-2-y1)-7,8-
dihydro-5H-pyrano[4,3-b]pyridine-3-carboxylate

CH;
CH(CH3)2

=0
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-continued
H

COyCH3

CH(CH3),
CH;

To a suspension of 2.0 g 2-isopropyl-2-methyl-7,8-
dihydro-5H-pyrano[4,3-bJimidazo[2',1',:5,1]pyr-
rolo[3,4-e]pyridine-2(2H), 5-dione in 100 mL absolute
methyl alcohol is added 0.2 g of sodium methoxide over
a five minute period. The temperature of the reaction is
kept below 30° C. by immersion in an ice bath. After the
addition was complete, the reaction mixture was kept at
room temperature for 24 hours and acidified with three
drops of acetic acid, and stripped in vacuo. The product
was chromatographed on silica gel using methylene
chlorideethyl acetate to give 1.55 g of the ester product.
After recrystallization from methylene chloride-hex-
ane, it had mp 208°-220° C.

Utilizing essentially the same procedure and using the
appropriately substituted fused hetero imidazopyr-
rolopyridine-2,5-dione and alcohol, gives the substi-
tuted (imidazolin-2-yl)fused heteropyridine carboxyl-
ates in Table IV below.

TABLE IV

(Imidazolin-2-yDfused heteropyridine carboxylates

CHj3
CD CORg N CH(CH3)z
E
N Il~1 =0
H
Fused
heteropyridine Rg mp °C.
CH; 200.0-210.0
(dec)
CH3 208.0-220.0
(dec)

197.0-206.0
(dec)

A\
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TABLE IV-continued

(Imidazolin-2-yl)}fused heteropyridine carboxylates

CH;
D CORz N CH(CH3);
G
N N —=0
;';
Fused
heteropyridine Rg mp 'C
S (o] -
/ I —CHz—I/ n
N
N
CI)CHz —CHj3 —
CH»—CZ==CH —
EXAMPLE 89

’ Preparation of methyl
2-(4-isopropy!-4-methyl-5-oxo0-2-imidazolidinyl}-7,8-
dihydro-5H-pyrano{4,3-b]pyridine-3-carboxylate

Method A

CO2CH;3

H
|
N
=0
CH(CH3);

CH3
NaCNBHy4
McOH

N

H
|
N
cis and trans
o =0
Hyn CH(CH3)
CH3 '

A solution of the ester in 50 mL absolute methanol is
acidified to pH 3 with methanolic HCL. At 0° C. is
added, all at once, 0.1 g sodium cyanoborohydride and
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the mixture stirred overnight at room temperature. The
pH is again adjusted to 3 and an additional 0.1 g sodium
cyanoborohydride is added. After 16 hours, the mixture

is quenched in dilute HCI, then neutralized to pH 7 with
carbonate and extracted with methylene chloride. The 5
crude extract is stripped to a solid product which is a
mixture of two isomers. These are separated by flash
chromatography on silica using ethy] acetate-methylene
chloride. About 0.7 g of the cis or slower-moving iso-
mer and 0.3 g of the faster-moving trans isomer are
obtained.

10

Method B

20

CH;
NHjy«~C~~CONH;

CH(CH3)2
p-TosH
25
30
cis and trans
=0
CH(CH3;)z

CHj 35

The ester aldehyde (1.0 g) and the aminoamide are
dissolved in 50 mL toluene acid 0.10 g, p-toluenesul-
fonic acid added. The mixture is refluxed six hours
under nitrogen and the water separated using a Dean- 40
Stark trap. It is then filtered while hot, cooled and then
concentrated on a rotary evaporator. Extraction with
hexane/ether gives, after cooling a white solid which is
chromatographed as in Method A to give both cis- and
trans-isomers.

Using essentially the same methods as A and B above,
other imidazolidinyl fused heteropyridine carboxylates
may be prepared.

45

EXAMPLE 90

Preparation of
3-isopropyl-3-methyl-1,7,8,9-b-tetrahydro-5-H-
pyrano[4,3-blimidazo [2',1':5,1]pyrrolo{3,4-e]pyridine
(2(2H), 5-dione

50

55

60
cis and trans
=0
Hyn CH(CH3);
CH3 65

112
-continued
0
\ CHj;
N CH(CH;),
: cis and trans
H Ilq =0
H

The acid (1.0 g) is suspended in 25 mL acetonitrile
and 0.5 mL acetic anhydride and 0.5 mL pyridine are
added. After 18 hours at room temperature, 20 mL
ether is added and the mixture is filtered to obtain the
product as a white solid.

Using essentially the same procedure, other imidazo-
pyrroloheteropyridine-2,5-diones may be prepared.

EXAMPLE 91
Preparation of
2-(4-isopropyl-4-methyl-5-oxo0-2-imidazolidinyl)-7,8-di-
hydro-5H--pyranof4,3-b]pyridine-3-carboxylic acid

~
HuN

CH;

KOH

dioxane

H,0

cis and trans
=0
Hyn CH(CH3);

CH3;

The ester (1.2 g) is stirred for 18 hours at room tem-
perature in 75 mL dioxane containing 2 mL. water and
0.5 mL 85% potassium hydroxide. The mixture is then
acidified with methanolic HCI, filtered and the filtrate
stripped and triturated with ether to give a white solid
product. '

Using essentially the same procedure, other
imidazolidinylheteropyridine carboxylic acids may be

prepared.
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EXAMPLE 952

Preparation of diethyl
4-methyl-2-H-pyrano[2,3-b]pyridine-6,7-dicarboxylate

(o]
CO,CyHs

CH3MgBr 10

., ether B
0° 250,

CO5CyHs

15

COyCyH5 P-
toluene-
sulfonic

CO,C;H; 20

CHj3

/

CO,C2H;s

CO,C3H;5

25

(o] N

The 3,4-dihydro-4-oxo-pyrano 2,3-b]pyridine diester 30

(10.0 g, 0.34 mL) is dissolved in 150 mL ether and
chilled to 0°, and methylmagnesium bromide is added
dropwise over one hour. The reaction is then allowed to
warm to room temperature, stand one hour, and is then
poured onto ice water containing ammonium chloride.
The organic layer is removed, dried over MgSO, and
stripped to give the oily intermediate. This 4-methyl-4-
hydroxy compound (5.0 g, 48%) is immediately redis-
solved in 100 mL toluene, 4.0 g or p-toluenesulfonic
acid is added, and the mixture is heated to reflux for one
hour. It is then cooled and the toluene is removed in
vacuo. The residue is treated with dilute sodium bicar-
bonate solution and extracted with methylene chloride.
The methylene chloride solution is dried over MgSQ4,
filtered and concentrated to give, after silica gel chro-
matography, the 4-methyl-pyrano{2,3-blpyridine dies-
ter as an oil (2.1 g, 44%).
EXAMPLE 93
Preparation of methyl
2-(1-acetyl-4-isopropyl-4-methyl-5-0x0-2-imidazolin-2-
y1)-7,8-dihydro-5H-pyrano{4,3-b]pyridine-3-carboxy-
late

35

40

45

50

55

CO,CH;3

zT

Il
CH;3CCl

CH)Cl, E

65
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-continued

CO,CH3

i
N—C—CHj3

I-acetyl

3.acetyl

The pyranopyridine carboxylate prepared in example
88 (1.0 g is dissolved in methylene chloride (50 mL) and
1 mL triethylamine is added. The mixture is chilled in
an ice bath while acetyl chloride is added (0.25 g) and
then stirred for 2 h and allowed to reach room tempera-
ture. The mixture is filtered, the solvent is stripped and
the residue is taken up in methylene chloride and ammo-
nium chloride solution. The organic layer is separated,
washed with brine, dried over anhydrous magnesium
sulfate and concentrated to the crude product. Further
purification by silica gel chromatography, eluting with
methylene chlorideethyl acetate 9:1 gives the desired
1-acetyl compound as the major product and the 3-
acetyl compound as a by-product. The two materials
are distinguishable by their infrared spectrum.

EXAMPLE 94

Preparation of 6-(1-acetyl-4-isopropyl-4-methyl-5-
oxo-2-imidazolin-2-y1)-4H-2,3-dihydro-pyrano [2,3-

bjpyridine carboxylic acid

CO,CH2C¢Hs

It
N—CCHj3 Ha
0% Fa=C >

=0



5,252,538

115

-continued

10

The benzylester is dissolved in 50 mL 955 ethanol and
to it is added 0.100 g 10% Palladium on charcoal cata-
lyst. The material is hydrogenated at atmospheric pres-
sure for 6 h and then the solution is filtered, concen-
trated to give 0.6 g product. Using this same procedure,
other N-acylated and N-sulfonated imidazolinone
heteropyridine carboxylic acids are prepared.

EXAMPLE 95

Utilizing the procedures of example 45 and substitut-
ing the appropriate heterofused pyridine dicarboxylic
acid anhydride and aminoamide or thioamide, other
acid diamides and acid amide thioamides of the struc-
tures described in Table V below may be prepared.

TABLE V

(1-Carbamoy) and 1-thiocarbamoyl-1,2-dialkyl) carbamoyl
heteropyridine carboxylic acids

(D | COOH R,
E N\ CONH CW-—NH;
N Rz
Heteropyridine W R, R> mp °C.
S CH3 CH(CHa):
S CH; CH(CHz3);
50
?CH3 S CH3; CH(CH3):
N
55
Cl y
N
60
(I)CH;:, S CH3; CH(CHj3)2
N
65
Vi

116

TABLE V-continued

(1-Carbamoyl and I-thiocarbamoyl-1,2-dialkyl) carbamoy]
heteropyridine carboxylic acids

(D COOH R
~E CONH—— CW—NH,
N Ra
Heteropyridine R} Ry mp °C.
CI:H3 S CH; CH(CHi)
O CHj3 CyHs
(] CHj3 CyHs
(o] CH3 cyclo-C3Hs
O CHj3 t-C4Hy
(l)CH3 (o] CH3 n-C3Hy
N \
Y 4
N
(8] CsHs CyHs
o
N
N
EXAMPLE 96

Utilizing the procedures of examples 43, 44, 45, 82,
83, 86, 87, 88, 93 and 94, other (imidazolin-2-yl) fused
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heteropyridine compounds are prepared and are listed
in Table VL.
TABLE VI
(Imidazolin-2-yl) fused heteropyridine compounds
/ COiRg
g
E N\ N R,
N tkz
B—N w
Fused
Heteropyridine B W R, Rj Rg mp °C.
H S CH3 CH(CH3); H
H S CHj CH(CH3)2 H 221-222
H S CH3 CH(CHz3)2 H
H S CH;3 CH(CH3)2 H
H S CH3 CH(CH3); H
H O CH; CH(CH3z)2 CH;CH,0OCH3;  152-154
H O CHj; CH(CH3)2 CH; 94 (dec.)

X
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TABLE VlI-continued
(Imidazolin-2-yl) fused heteropyridine compounds
/ COsRg
L |
E N N R,
N tRz
B—N w
Fused
Heteropyridine B W R; Ra Rg mp °C.
?Hg H O CH; CH(CH3); CHy—C¢Hs 81-82
H O CH; CH(CH3); CHyCHyOCH;3; 110-112
H O CH; CH(CH3); CH; 173-174
H O CH; CH(CH3); CH,CH>OCH3 164-167
H O CH; CH(CH3); CH; 142-144
H O CH; CaHjs H

H O CH; CoHj H
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TABLE VI-continued

{Imidazolin-2-yl) fused heteropyridine compounds

/ COsRg

E N N R
N tRz
B=N w
Fused
Heteropyridine N B W Ry Ry Rg
H O CHj; cyclo-C3Hs H
H O CH; t-C4Hy H
(I)CH3 H O CH; n-C3Hy H
N
Vi
N
H O CyHs CoHs H
H (o] —(CH3)4CH(CH3)— H
O
N\
N
COCH3 O CHj3 CH(CH3)2 H
(o] N

COCH; O CH; CH(CH3); ™ H
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TABLE VI-continued

124

(Imidazolin-2-y1) fused heteropyridine compounds

R
Rz
=3
Fused
Heteropyridine B W R R; Rg mp °C.
COCH;3 S CH; CH(CH3), H
COCH3 O CHj CH(CH3); H
(i:H; SOy=~CecHy—CH3;—P O CH; CH(CH3)2 H
N /
N\
N
/ SOy—CeHs—CH3;—P O CHj CH(CH3), H
N\
ll\l N
CH3
$0;~—CgHs—CH3—P O CHj; CH(CH3); H
O CH3 CH(CH3), H
CCHj3
S CH3 CH(CH3), H

I
CCH;3
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TABLE VlI-continued
(Imidazolin-2-vl) fused heteropyridine compounds
/ CO2Rg
CD
E N R
N tRz
B~N w
Fused
Heteropyridine B W R R3 Rg mp 'C.
o \ SO;—CgHy~—~CH3—P O CHj; CH(CH3)> H
Y
N
O CjHs CaHs H
CCH;3
(") O CH3 cyclo-C3Hs H
CCH3
(o] =~(CH3)4=—CH(CH3)— H
CCH3
0 S CHj3 CH(CH3); CH;
CCH;3
0 S CHj CH(CH3) CH;
CCH;3;
(i)CH3 S CH; CH(CH3), CHj3;
N CCH3

7
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TABLE VlI-continued

128

(Imidazolin-2-y]) fused heteropyridine compounds

Ry
Rz
w
Fused
Heteropyridine B W R; Rz Rg mp °C.
(|)CH3 %I) S CH3 CH(CH3); CH3
N \ CCH;
Cl y
N
S CHj; CH(CH3)2 CH;j
CCH3
H O CHj cyclo-C3Hs CH3
H O C:Hs C>Hs CH3
H (o] —(CH3)s—CH(CH3)3— CH3
ﬁ O CHj CH(CH3), CH;
CCH3
S0,CH; O CH; CH(CH3), CH;
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TABLE VlI-continued
(Imidazolin-2-y]) fused heteropyridine compounds
/ CO2Rg
CD
E—R N Ry
N 4 tnz
B—N w
Fused
Heteropyridine B W R; R, Rg mp °C.
SO;—C¢Hy—~CH3;—P O CHj CH(CH3)2 CH;
o
N\
N
c O CH3 " CH(CH3); CH;
C—CeHy
(") O CHj3 CH(CH3), - =CHC¢Hs
CCHj
$O;—Ce¢Hy—CH:—P O CH; CH(CH3)a —CH;C¢Hs
ﬁ O CHj CH(CH3)2 CH;
CCH3
(I)CH3 ¢ O CH; CH(CH3)2 CH3
N CCH;
Ct
O CHj; CH(CH3)2 CH;




5,252,538
131 132

TABLE VlI-continued

(Imidazolin-2-yl) fused heteropyridine compounds

COzR
o / 2Rg

Ry
N tRz
B—N W
Fused
Heteropyridine B W Ry R; Rg mp °C.
(')cu3 ﬁ o cH; CH(CHz), CH;
N CCH;
0 O CH; CH(CH3); CH,C¢Hs
CCHj3
0 O CHj; CH(CH3)2 CH,C¢Hs
CCH;
(o]
O CH; CH(CH3); CH,CgHs
CCH;3;
R S CH; CH(CH3); CHj3
H ) S CHj; CH(CH3), CHj3
H S CH; CH(CH3), CHj3 168-171
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TABLE VlI-continued
(Imidazolin-2-yl) fused heteropyridine compounds

COsRg
CD
E—R N R,
N tRz
B—N w
Fused
Heteropyridine B W Rj Rz Rg mp °C.
(I)CH3 H S CH; CH(CH3); CH3
N
Vs
N
(I)CH3 H S CH; CH(CH3)2 CH3
N \
Cl y
N

EXAMPLE 97

Utilizing the procedure of example 86, other imidazo-
pyrroloheteropyridine-3,5-diones are prepared and are
35 listed in Table VIL

TABLE VII

Imidazopyrroloheteropyridine-3,5-diones

D [¢]
(
N:tw
N\
E N/ \N Rz

R,

Fused

Heteropyridine w R Rz mp °C.
(o] CH;3 CH(CH3)2

(¢]

N\
N

S CH3 CH(CH3)2

o] CH; CH(CH3)2
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TABLE VI-continued

Imidazopyrroloheteropyridine-3,5-diones

" A\ L
[~ =
N\ / \<NIR2

N R,
Fused
Heteropyridine w Ri R2 mp °C.
?CH3 (o] CH3 CH(CH3);

o CHj3 CH(CH3); 228-236
o] CH3 CyHs
[0} CH3 CH(CH3)2 180-183
(o] CyHs C2Hs
(o] CH; cyclo-C3Hs
(o] —CH;CH;CH,CH,CH(CH3)—

o

N
EXAMPLE 98 65
Utilizing the procedure of example 87, other imidazo- roloheteropyridine-2-thione-5-ones are prepared and

pyrroloheteropyridine-2,5-diones and  imidazopyr- are listed in Table VIII.
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TABLE VIII

Imidazopyrroloheteropyridine-2,5-diones (-2-thione-5-ones)

D o
n_u\ R)
I N Rz
N\ / ""\< N w
N
Fused
Heteropyridine w Ry R2 mp °C.
(o] CH; CH(CH3);
‘(])CHJ o CHj3 CH(CH3)2
N
/ AN
AN Y
N
(l)CH3 e} CHj3 CH(CH3)
N \
Cl Y
N
o CH; CH(CH3),
O CH3 CH(CH3),
(o] CH; CH(CH3)2

S ‘CH; CH(CH3)2
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TABLE VIII-continued

Imidazopyrroloheteropyridine-2,5-diones (-2-thione-5-ones)

D [0}
L__u\ Ry
<1
c N\ / NN w
N
Fused
Heteropyridine w Ry Ry mp °C.
Cl)CH3 S CH3 CH(CH3)z
N \
Y
N
(I)CH3 S CH;3 CH(CH3)2
N \
Cl y
N
S CH; CH(CH3);
O CH; CH(CH3),
. N\
N /
(6] N
/ 0 CH3 CH(CH3)2
N\
8] N
S CH3 CH(CH3);
o CHj; cyclo-C3Hs

o CaHs CaHs
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TABLE VIII-continued

Imidazopyrroloheteropyridine-2,5-diones (-2-thione-5-ones)

D (o)
I_u\ R]
A iRZ
N\ / SN W
N
Fused
Heteropyridine w R R; mp °C.
OCH; (o] ~—CH,;CH;CH,CH;CH(CH3)—
N \
Y
N
ic aci i i IX. .
EXAMPLE 99 carboxylic acids are prepared and are listed in Table

Utilizing the procedure of example 89, other
imidazolidinyl fused heteropyridine carboxylates and

TABLE IX
Imidazolidinyl Fused Heteropyridine Carboxylates

w
R>
Ry
Fused
Heteropyridine Rs Ry R). w mp °C.
CH; CH3 CH(CHzs)2 o
CH; CH3 CH(CH3); (o]
(I)CH3 CH; - CH3 CH(CH3); o
N \
Vs
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TABLE IX-continued

Imidazolidinyl Fused Heteropyridine Carboxylates

. D / CO2Rg
| H
N w
F N
~N R;
H Ry

Fused
Heteropyridine Rg R Ry w mp °C.
CzHs CH; CH(CH3)2 (o]
CHj3 CH3 CH(CH3), O  trans 186-191
cis 184-191
CH;3 CH3 CH(CH3), o
CHj3 CH(CHa)2 (o]
CHZ—H Il
o
CH; CH3 CH(CH3); )
?H‘_:, CH3z CH3 CH(CH3), S
(I)CH3 CHj CHj3; CH(CH3); S
N

Y4

14



145
TABLE IX-continued

5,252,538

Imidazolidinyl Fused Heteropyridine Carboxylates

w
Rz
Ry
Fused
Heteropyridine Rg R, Rz mp 'C.
s CH3 CHj CH(CH3)2
N\
N
(I)CH3 CHj CH;3 CH(CH3)2
N \
v
N
CH3 CyHs CzHs
CH; CH; cyclo-C3Hs
(I)CHg CH;3 —(CH2)4CH(CH3)—
N
Vi
N
H CH; CH(CH3)2
H CH; CH(CHa);

146
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TABLE IX-continued

Imidazolidinyl Fused Heteropyridine Carboxylates

D CO2Rs
H
N N w
Foon
o~ N ~-R2
H R

Fused
Heteropyridine Rg Ry R> w mp .°C.
(I)CH 3 H CH3 CH(CH3)2 (o]
N
Y
N
?CH3 H CH3 CH(CH3)2 (o]
N
Cl Y
N
H CHj3 CH(CH3)2 (o]
H C2Hs CoHs o
H CHj3 cyclo-C3Hs (o]
OCH; H —(CH2)4CH(CH3)— (o]

H CHj3 CH(CH3); S
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TABLE IX-continued

Imidazolidinyl Fused Heteropyridine Carboxylates

. D CO3Rg
H
» N\ N w
F N
o~ N
R;

Rz

Fused
Heteropyridine Rg R Ra w mp °C.
(I:H3 H CH;3; CH(CH3)2 S
?CH:, H CH3 CH(CH3)2 S
N
V4
N
H CH;3; CH(CH3)2 S
H CH; CH(CH3)2 S

Ci Y

EXAMPLE 100

pyrroloheteropyridine-2-thione-5-ones are prepared
and are listed in Table X.

Utilizing the procedures of examples 90 and 91, other
imidazopyrroloheteropyridine-2,5-diones are imidazo-

TABLE X

Imidazopyrroloheteropyridine-2,5-diones (-2-thione-5-ones)

D o

___u\ R}
L N :tnz

N w
N |
H

Fused

Heteropyridine Ry Ry w mp °C.
CH3 CH(CH3); (o] ’
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TABLE X-continued

Imidazopyrroloheteropyridine-2,5-diones (-2-thione-5-ones)

AN
T

N R
E N\ 7/ H N e W
N |
H
Fused
Heteropyridine Ry Ra w mp °C.
(|:H3 CH3 CH(CH3), o
C')CH3 CH; CH(CHz3), O
N
Vi
N
(I)CH3 CHj3 CH(CHa3); o
N \
Cl Y
N
CH3 CH(CH3)2 (0] 225—263
CH3 CH(CH3): S
?Hg CHj CH(CH3); S
?CH 3 CH3 CH(CH3); S
N \
Y
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Imidazopyrroloheteropyridine-2,5-diones (-2-thione-5-ones)

D (o)
/ |_.u\ R;
I N R;
E N\ / H N w
N !
H
Fused
Heteropyridine Ry Rz W mp.°C.
Cl)CH 3 CH;j CH(CH3)
N \
Cl y
N
CHj3 CH(CH3)2
CHj3 cyclo-C3Hs [e)
CaHs CoHs (o]
CH,;CH;CH;CH,~~CH(CH3)~ [e]
Y
N
EXAMPLEI01 50

Postemergence herbicidal evaluation of test compounds

The postemergence herbicidal activity of the com-
pounds of the present invention is demonstrated by the
following tests, wherein a variety of monocotyledonous
and dicotyledonous plants .re treated with test com-
pounds dispersed in aqueous acetone mixtures. In the
tests, seedling plants are grown in jiffy flats for about
two weeks. The test compounds are dispersed in 50/50
acetone/water mixtures containing 0.5%
TWEEN ®)20, a polyoxyethylene sorbitan monolaurate
surfactant of Atlas Chemical Industries, in sufficient
quantity to provide the equivalent of about 0.016 kg to
10 kg per hectare of active compound when applied to
the plants through a spray nozzle operating at 40 psig
for a pre-determined time. After spraying, the plants are
placed on greenhouse benches and are cared for in the
usual manner, commensurate with conventional green-

55

60

65

house practices. From four to five weeks after treat-
ment, the seedling plants, are examined and rated ac-
cording to the rating system provided below. The data
obtained are recorded in Table XI below.

% Difference in Growth

Rating System from the Check

0 - No effect 0

1 - Possible effect 1-10
2 . Slighi effect 11-25
3 - Moderate effect 26-40
5 - Definite injury 41-60
6 - Herbicidal effect 61-75
7 - Gocd herbicidal effect 76-90
8 - Approaching complete kill 91-99
9 - Complete kill 100

4 - Abnormal growth, that is, a definite physiological
malformation but with an overall effect less than a 5

on the rating scale.

In most cases the data are for a single test, but in several
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-continued -continued
instances, they are average values obtained from more than Morningglory (Ipomoea purpurea)
one test. Ragweed (Ambrosia artemisiifolia)
Plant Species Used Velvetieaf (Abutilon theophrasti)
Barnyardgrass (Echinochloa crusgalli) 5 Barley (Hordeum vulgare)
Green Foxtail (Setaria viridis) Com (Zea mays)
Purple Nutsedge (Cyperus rotundus L.) Rice (Oryza sativa)
Wild Oats (Avena fatua) Soybean (Glycine max)
Quackgrass (Agropyron repens) Sunflower (Helianthus annus)
Field Bindweed (Convolvulus arvensis L.) Wheat (Triticum aestivum)
Cocklebur (Xanthium pensylvanicum) 10
TABLE XI

Post-Emergence Tests - Rats in kg/ha

BARNY FOXTA PNUT WILD QUACK FLDB MATRI MRNGL RAGWE VELVE

Compound RATE ARDGR ILSP SEDGE OATS GRASS INDWD CARIA RYSP ED TLEAF
2-(4-Isopropyl-4- 1.000 9.0 9.0 6.0 9.0 9.0 7.0 20 9.0 20 4.0
methyl-5-0x0-2- .500 9.0 1.0 40 8.0 7.0 7.0 0.0 7.0 0.0 2.0
imidazolin-2-yi)-1,8- .250 4.0 6.0 1.0 8.0 70 4.0 0.0 6.0 0.0 10
naphthyridine-3- 125 2.0 2.0 0.0 6.0 4.0 2.0 0.0 20 0.0 0.0
carboxylic acid

2-(4-Isopropyl-4- 1.000 2.0 2.0 0.0 4.0 0.0 2.0 0.0 0.0 0.0 2.0
methyl-5-0x0-2- .500 2.0 0.0 20 0.0 9.0 0.0 0.0 0.0 2.0
imidazolin-2-y1)-1,6- .250 2.0 2.0 0.0 1.0 0.0 6.0 0.0 0.0 0.0 2.0
naphthyridine-3-car-  .125 20 1.0 0.0 1.0 0.0 2.0 0.0 0.0 0.0 1.0
boxylic acid

2-(4-Isopropyl-4- 1.000 8.0 9.0 0.0 9.0 6.0 8.0 0.0 7.0 0.0 2.0
methyl-5-0x0-2- .500 8.0 9.0 0.0 6.0 6.0 0.0 4.0 0.0 20
imidazolin-2-y1)-1,8-  .250 4.0 8.0 0.0 2.0 0.0 4.0 0.0 2.0 0.0 0.0
naphthyridine-3-car-  .125 2.0 4.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0
boxylic acid, 8-

oxide

6-(4-1sopropyl-4- 1.000 9.0 9.0 4.0 8.0 7.0 6.0 7.0 4.0 9.0 7.0
methyl-5-0x0-2- .500 20 8.0 2.0 4.0 2.0 4.0 2.0 1.0 7.0 4.0
imidazolin-2-yl)-3- 250 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

methylisoxazolo[5,
4-blpyridine-5-car-

boxylic acid

5-(4-1sopropyl-4- 1.000 9.0 9.0 7.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
methyl-5-0x0-2- .500 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
imidazolin-2-yl)-1- .250 9.0 9.0 7.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0
methoxy-1 H-pyrrolo  .125 9.0 9.0 7.0 9.0 9.0 9.0 9.0 9.0 6.0 9.0

{3,2-b]pyridine-6-
carboxylic acid

5-(4-1sopropyl-4- 1.000 5.0 9.0 8.0 9.0 4.0 3.0 4.0 4.0 8.0
methyl-5-0x0-2- .500 2.0 7.0 3.0 8.0 0.0 30 3.0 2.0 4.0 7.0
imidazolin-2-y1)-2- .250 1.0 1.0 - 6.0 0.0 1.0 0.0 2.0 2.0 4.0
methyloxazolo[5,4- 125 0.0 6.0 8.0 1.0 0.0 0.0 0.0 1.0 0.0 2.0

blpyridine-6-car-
boxylic acid

7,8-Dihydro-2-(4- 8.000 9.0 9.0 9.0 .90 9.0 8.0 9.0 9.0
isopropyl-4-methyl-  1.000 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
5-0x0-2-imidazolin- 500 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
2-y)-5H-pyrano[4,3- 250 9.0 9.0 9.0 9.0 9.0 9.0 2.0 9.0 9.0 9.0
blpyridine-3-car- 125 9.0 9.0 9.0 9.0 9.0 9.0 4.0 9.0 9.0 9.0
boxylic acid

1-(Allyloxy)-5-(4- 1.000 9.0 9.0 4.0 9.0 8.0 9.0 9.0 9.0 9.0 9.0
isopropyl-4-methyl- .500 9.0 9.0 4.0 9.0 7.0 9.0 9.0 9.0 8.0 9.0
5-0x0-2-imidazolin- 250 8.0 9.0 3.0 9.0 7.0 9.0 8.0 6.0 8.0 9.0
2-yh-1H-pyrrolo[3, 125 7.0 8.0 3.0 9.0 6.0 8.0 7.0 6.0 7.0 9.0

2-b]pyridine-6-car-
boxylic acid

Methyl 7,8-dihydro-  1.000 9.0 4.0 6.0 9.0 9.0 0.0 0.0 7.0 5.0 2.0
2-(4-isopropyl-4- .500 8.0 4.0 2.0 9.0 7.0 7.0 0.0 4.0 2.0 1.0
methyl-5-0x0-2- 250 3.0 20 2.0 8.5 2.0 7.0 . 0.0 3.0 0.0 0.0
imidazolin-2-yl)-5H-  .125 2.0 1.0 0.0 7.5 0.0 6.0 0.0 0.0 0.0 0.0

pyrano-[4,3-b]pyri-
dine-3-carboxylate

Furfuryl 7,8-dihy- 1.000 9.0 9.0 7.0 9.0 9.0 9.0 9.0 . 90 9.0 9.0
dro-2-(4-isopropyl-4-  .500 9.0 9.0 7.0 9.0 | 9.0 9.0 9.0 9.0 8.0 7.0
methyl-5-0x0-2- 250 9.0 9.0 6.0 9.0 9.0 9.0 7.0 9.0 8.0 7.0
imidazolin-2-yD-5H-  .125 9.0 9.0 5.0 9.0 9.0 9.0 8.0 7.0 6.0 3.0

pyrano-[4,3-blpyri-
dine-3-carboxylate

6-(4-Isopropyl-4- 1.000 4.0 0.0 2.0 9.0 9.0 9.0 8.0 7.0 7.0 20
methyl-5-0x0-2-imi- .500 2.0 0.0 2.0 80. - 60 8.0 0.0 5.0 2.0 1.0
dazolin-2-yl)-3- .250 1.0 0.0 1.0 8.0 20 20 0.0 4.0 1.0 0.0
methoxy-1-methyl- 125 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 2.0 0.0

{ H-pyrrolo[2,3-

b}-pyridine-5-car-

boxylic acid

2,3-Dihydro-6-(4- 1.000 9.0 9.0 9.0 9.0 6.0 9.0 9.0 9.0 6.0 8.0
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TABLE Xl-continued

Post-Emergence Tests - Rats in kg/ha

BARNY FOXTA PNUT WILD QUACK FLDB MATRI

MRNGL RAGWE VELVE

Compound RATE ARDGR ILSP SEDGE OATS GRASS INDWD CARIA RYSP ED TLEAF
isopropyl-4-methyl-  .500 9.0 9.0 8.0 9.0 6.0 7.0 9.0 9.0 6.0 - 60
5-oxo0-2-imidazolin- 250 9.0 9.0 7.0 9.0 8.0 7.0 8.0 9.0 5.0 4.0
2-yl)-1-methyl-1 H- 125 9.0 9.0 7.0 9.0 7.0 7.0 2.0 7.0 1.0 0.0
pyrrolo[2,3-b]-

pyridine-5-

carboxylic acid

7,8-Dihydro-2-(4- 1.000 9.0 9.0 3.0 9.0 4.0 6.0 5.0 0.0 0.0 3.0
isopropyl-4-methyl- .500 3.0 4.0 3.0 6.0 20 4.0 6.0 0.0 1.0
5-ox0-2-imidazolin- 250 0.0 2.0 2.0 5.0 1.0 1.0 2.0 50 0.0 1.0
2-yl)-5H-thiopyrano  .125 0.0 0.0 1.0 3.0 0.0 1.0 10 2.0 0.0 0.0
[4,3-b]pyridine-3-

carboxylic acid

5-(4-Isopropyl-4- 1.000 9.0 9.0 7.0 9.0 8.0 9.0 9.0 9.0 8.0 9.0
methyl-5-0x0-2- .500 9.0 9.0 9.0 9.0 8.0 8.0 9.0 8.0 8.0 9.0
imidazolin-2-yl)-1- 250 9.0 9.0 8.0 9.0 8.0 8.0 9.0 8.0 9.0 9.0
methyl-1 H-pyrrolo .125 9.0 9.0 8.0 9.0 8.0 7.0 8.0 8.0 20 9.0
{3,2-b]pyridine-

6-carboxylic acid

3,4-Dihydro-7-(4- 1.000 .0 9.0 9.0 9.0 9.0 7.0 8.0 6.0 9.0
isopropyl-4-methyl-  .500 9.0 9.0 6.0 9.0 8.0 7.0 5.0 7.0 3.0 8.0
5-oxo0-2-imidazolin- .250 9.0 6.0 4.0 9.0 8.0 7.0 20 7.0 1.0 8.0
2-yl)-2H-thiopyrano  .125 9.0 4.0 20 8.0 1.0 6.0 0.0 50 - 0.0 2.0
[2,3-b}-pyridine-

6-carboxylic acid

3,4-Dihydro-7-(4- 1.000 9.0 9.0 9.0 9.0 9.0 8.0 8.0 9.0 9.0 9.0
isopropyl-4-methyl-  .500 9.0 9.0 9.0 9.0 9.0 9.0 5.0 9.0 8.0 9.0
5-0x0-2-imidazolin- 250 9.0 9.0 9.0 9.0 8.0 9.0 5.0 8.0 6.0 9.0
2-yl)-2H-pyranof2, 125 9.0 9.0 9.0 9.0 7.0 8.0 5.0 7.0 20 9.0
3-b]pyridine-6-

carboxylic acid ,

6-(4-1sopropyl-4- 1,000 9.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0 6.0
methyl-5-0x0-2- .500 9.0 9.0 7.0 9.0 9.0 7.0 8.0 9.0 6.0
imidazolin-2-yi)-1- 250 9.0 9.0 8.0 9.0 9.0 7.0 5.0 6.0 5.0
methyl-1H-pyrrolo 125 9.0 9.0 8.0 9.0 9.0 7.0 2.0 80 50 3.0
[2,3-b]pyridine-5-

carboxylic acid

5-(4-1sopropyl-4- 1.000 9.0 9.0 7.0 9.0 8.0 9.0 9.0 9.0 8.0 9.0
methyl-5-0x0-2- .500 9.0 9.0 7.0 9.0 9.0 9.0 7.0 9.0 8.0 9.0
imidazolin-2-yl)-1- .250 9.0 9.0 5.0 9.0 9.0 9.0 9.0 7.0 9.0
methoxy-2-methyl- 125 9.0 9.0 4.0 9.0 6.0 8.0 9.0 6.0 9.0

1 H-pyrrolo-[3,2-b]
pyridine-6-
carboxylic acid

EXAMPLE 102
Preemergence herbicidal evaluation of test compounds

The preemergence herbicidal activity of the com-
pounds of the present invention is exemplified by the
following tests in which the seeds of a variety of mono-
cotyledonous and dicotyledonous plants are separately
mixed with potting soil and planted on top of approxi-
mately one inch of soil in separate pint cups. After
planting, the cups are sprayed with the selected aqueous
acetone solution containing test compound in sufficient
quantity to provide the equivalent of about 0.016 to 10

45

50

kg per hectare of test compound per cup. The treated
cups are then placed on greenhouse benches, watered

‘and cared for in accordance with conventional green-

house procedures. From four to five weeks after treat-
ment, the tests are terminated and each cup is examined
and rated according to the rating system set forth
above. The herbicidal proficiency of the active ingredi-
ents of the present invention is evident from the test
results which are recorded in Table XII below. Where
more than one test is involved for a given compound,
the data are averaged.

TABLE XII

Post-Emergence Tests - Rats in kg/ha

BARNY FOXTA PNUT WILD QUACK FLDB MATRI

MRNGL RAGWE VELVE

Compound RATE ARDGR ILSP SEDGE OATS GRASS INDWD CARIA RYSP ED TLEAF
6-(4-Isopropyl-4- 500 4.0 9.0 9.0 8.0 9.0 9.0 9.0 8.0 8.0 8.0
methyl-5-0x0-2- .250 2.0 6.0 6.0 4.0 6.0 6.0 8.0 6.0 8.0
tmidazolin-2-yl)-3- 125 0.0 20 4.0 0.0 0.0 1.0 0.0 0.0 0.0 6.0
methyl-isoxazolo[5,

4-bjpyridine-5-

carboxylic acid

6-(4-Isopropyl-4- .500 7.0 1.0 7.0 7.0 9.0 9.0 0.0 3.0 0.0 50
methyl-5-ox0-2- .250 5.0 4.0 5.0 5.0 7.0 9.0 0.0 1.0 0.0 2.0
imidazolin-2-yl)- 125 1.0 1.0 3.0 3.0 3.0 9.0 0.0 0.0 0.0 1.0
1 H-pyrazolo{3,

4-b]pyridine-5-

carboxylic acid :

6-(4-Isopropyi-4- 500 9.0 9.0 9.0 9.0 9.0 9.0 2.0 9.0 7.0 4.0
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TABLE XII-continued

Post-Emergence Tests - Rats in kg/ha

BARNY FOXTA PNUT WILD QUACK FLDB MATRI MRNGL RAGWE VELVE

Compound RATE ARDGR ILSP SEDGE OATS GRASS INDWD CARIA RY SP ED TLEAF
methyl-5-0x0-2- 250 8.0 9.0 9.0 8.0 9.0 9.0 0.0 9.0 30 4.0
imidazolin-2-yl)-1- 125 s.0 9.0 9.0 9.0 9.0 9.0 0.0 9.0 0.0 40

methyl-1H-pyrazolo
[3,4-b)-pyridine-5-
carboxylic acid

6~(4-Isopropyi-4- .500 0.0 4.0 9.0 0.0 9.0 9.0 40 8.0 6.0 6.0
methyl-5-0x0-2- .250 0.0 0.0 9.0 0.0 9.0 7.0 1.0 40 20 5.0
imidazolin-2-yl)-2- 125 0.0 0.0 9.0 0.0 9.0 4.0 0.0 0.0 1.0 2.0

methyl-2 H-pyrazolo
[3,4-b]-pyridine-5-
carboxylic acid

5-(4-Isopropyl-4- 500 9.0 9.0 9.0 . 90 9.0 9.0 9.0 9.0 9.0 9.0
methyl-5-ox0-2- .250 9.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0 9.0 9.0

imidazolin-2-yl)-1- 125 9.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0 8.0 9.0
methoxy-1 H-pyrrolo :
[3,4-b]pyridine-6-

carboxylic acid

7.8-Dihydro-2-(4- 8.000 9.0 9.0 9.0 9.0 9.0 8.0 9.0 9.0
isopropyl-4-methyl- .500 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
5-0x0-2-imidazolin- 250 9.0 9.0 9.0 9.0 9.0 9.0 7.0 9.0 9.0 9.0
2-yl)-5H-pyrano(4, 125 9.0 8.0 9.0 9.0 9.0 9.0 4.0 9.0 9.0 8.0

3-b]pyridine-3-
carboxylic acid

1-(Allyloxy)-5-(4- .500 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
isopropyl-4-methyl- .250 9.0 9.0 8.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0
5-ox0-2-imidazolin- 125 9.0 9.0 9.0 9.0 9.0 8.0 9.0 8.0 8.0 9.0

2-yl)-1H-pyrrolof3,
2-b}-pyridine-6-
carboxylic acid

Methyl 7,8-dihy- .500 6.0 9.0 9.0 9.0 9.0 9.0 5.0 0.0 6.0 7.0
dro-2-(4-isopropyl- 250 20 7.0 7.0 9.0 9.0 8.0 1.0 6.0 2.0 5.0
4-methyl-5-ox0-2- 125 0.0 6.0 6.0 9.0 3.0 8.0 0.0 1.0 0.0 2.0
imidazolin-2-yl)-

5H-pyrano-

[4,3-blpyridine-

3-carboxylate

Furfuryl 7,8-dihy- 500 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.0
dro-2-(4-iso-propyl- .250 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
4-methyl-5-0x0-2- 125 4.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 5.0 7.0

imidazolin-2-yl)-5H-
pyrano[4,3-b}-
pyridine-3-car-

boxylate
6~(4-isopropyl-4- .500 4.0 0.0 6.0 9.0 8.0 7.0 2.0 8.0 8.0 1.0
methyl-5-ox0-2- 250 1.0 0.0 2.0 4.0 6.0 4.0 8.0 2.0 20

imidazolin-2-yl)-3-
methoxy-1-methyl-
1 H-pyrrolo[2,3-b}-

pyridine-5-

carboxylic acid

2,3-Dihydro-6-(4- .500 9.0 9.0 9.0 9.0 9.0 9.0 7.0 9.0 7.0 7.0
isopropyl-4-methyi- .250 8.0 9.0 9.0 9.0 9.0 9.0 7.0 9.0 1.0 7.0
5-0x0-2-imidazolin- 125 6.0 9.0 9.0 9.0 9.0 4.0 6.0 8.0 40 6.0

2-yl)-1-methyl-1H-
pyrrolo-[2,3-b]

pyridine-5-

carboxylic acid

3-(m-chlorophenyl)- .500 2.0 6.0 0.0 8.5 1.0 0.0 0.0 0.0 0.0 1.0
7-(4-isopropyl-4- 250 0.5 2.0 0.0 8.0 1.0 0.0 0.0 0.0 0.0 1.0

methyl-5-0x0-2- 125 0.0 0.0 0.0 715 0.5 0.0 0.0 0.0 0.0 0.5
imidazolin-2-yl)-4- :
methyl-2-oxo0-2 H-

pyranol[2,3-b]-

pyridine-6-car-

boxylic acid

3-(p-chlorophenyl- 4.000 6.0 0.0 0.0 9.0 0.0 4.0 7.0 6.0
7-<(4-iso-propyl-4- .500 5.0 7.0 0.0 9.0 . 4.0 0.0 0.0 0.0 2.0 0.0
methyl-5-0x0-2- 250 0.0 1.0 0.0 9.0 1.0 0.0 0.0 0.0 0.0 0.0
imidazolin-2-y 1)4- 125 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0

methyl-2-ox0-2 H-
pyrano[2,3-b]-

pyridine-6-car-

boxylic acid .
5-(4-isopropyl-4- .500 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
methyl-5-ox0-2- 250 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0 9.0
imidazolin-2-yl)-1- 125 9.0 9.0 9.0 9.0 9.0 9.0 8.0 4.0 8.0 9.0

methyl-1 H-pyrrolo
[3,2-b}-pyridine-6-
carboxylic acid
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162

Post-Emergence Tests - Rats in kg/ha

BARNY FOXTA PNUT WILD QUACK FLDB MATRI MRNGL RAGWE VELVE

Compound RATE ARDGR ILSP SEDGE OATS GRASS INDWD CARIA RYSP ED TLEAF
3,4-Dihydro-7-(4- 500 20 4.0 6.0 8.0 6.0 20 0.0 5.0 6.0 6.0
isopropyl-4-methyl- 250 1.0 0.0 3.0 3.0 20 20 0.0 2.0 4.0 4.0
5-0x0-2-imidazolin- 125 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 2.0 2.0
2-yl)-2 H-thiopyrano

[2,3-b]-pyridine-6-

carboxylic acid

3,4-Dihydro-7-(4- 500 9.0 9.0 9.0 9.0 9.0 9.0 40 9.0 8.0 0.0
isopropyl-4-methyl- .250 9.0 9.0 9.0 9.0 9.0 9.0 4.0 8.0 6.0 7.0
5-0x0-2-imidazolin- 125 4.0 9.0 8.0 9.0 9.0 8.0 20 6.0 2.0 5.0
2-yl)}-2 H-pyrano[2,3-

b}-pyridine-6-car-

boxylic acid

6-(4-Isopropyl-4- 500 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.0
methyl-5-0x0-2- 250 9.0 9.0 7.0 9.0 9.0 9.0 6.0 9.0 9.0 8.0
imidazolin-2-y1)-1- 125 7.0 9.0 8.0 9.0 9.0 7.0 20 9.0 9.0 6.0
methyl-1 H-pyrrolo :

{2,3-b}-pyridine-

S-carboxylic acid

5-(4-Isopropyl-4- .500 9.0 9.0 8.0 9.0 9.0 9.0 8.0 9.0 8.0 9.0
methyl-5-0x0-2- 250 9.0 9.0 8.0 9.0 9.0 9.0 8.0 9.0 6.0 9.0
imidazolin-2-yl)-i- 125 9.0 9.0 7.0 9.0 9.0 7.0 8.0 9.0 6.0 9.0
methyoxy-2-methyl-

1H-pyrrolo-[3,2-b]

pyridine-6-carboxy-

lic acid ’

2-(4-1sopropyl-4- .500 0.0 20 9.0 6.0 9.0 9.0 0.0 8.0 6.0
methyl-5-ox0-2- .250 0.0 0.0 9.0 40 9.0 9.0 0.0 8.0 0.0 3.0
imidazolin-2-y1)-1,8- 125 0.0 0.0 6.0 2.0 8.0 4.0 0.0 0.0 0.0 2.0

naphthyridine-3-car-
boxylic acid

What is claimed is:
1. (2-Imidazolin-2-yl) fused heteropyridine com-
pounds having the structured formula:

B )

2{2 | A N
X /E‘( =

\x4 N N R,

wherein
A is COORg, CHO, CH,OH, COCH>0H, CONH,,
CH>CH;0H, CONHOH or

gl

o Rp

Rc and Rp are each hydrogen or C1~-C4 alkyl;

Rg is hydrogen, C1-C4 alkyl, which may be inter-
rupted by O or S, or is optionally substituted with
C1-C4 alkoxy, halogen, hydroxy, C3-C¢ cycloal-
kyl, benzyloxy, furyl, phenyl, furfuryl, halophenyl,
C1Cs alkylphenyl, C|-C4 alkoxyphenyl, nitrophe-
nyl, carboxyl, C1-C4 alkoxycarbonyl, cyano or
C1-C4 trialkylammonium; C3-Cg alkenyl, option-
ally substituted. with one or two C;~C; alkoxy,
phenyl or halogen groups; C3-C¢ cycloalkyl, op-
tionally substituted with one or two C;-C3 alkyl
groups; C3-Cjoalkynyl, optionally substituted with
phenyl, halogen, loweralkoxy; or a cation selected
from the group consisting of alkali metals, alkaline

35

45

50

55

65

earth metals, manganese, copper, iron, ammonium
and organic ammonium;

B is H, CORg or SO2R 16, Ry is C1-C;; alkyl, chloro-
methyl, C1—C4 loweralkoxyl or phenyl optionally
substituted with one chloro, one nitro, one methyl,
or one methoxy group; Rigis C;-Cs alkyl, phenyl],
or phenyl optionally substituted within one methyl,
halogen, nitro, or C;-Cj4 alkoxy;

R is C1-C4 alkyl;

Ry is C1-C4 alkyl or C3-Cg cycloalkyl;

and when taken together with the carbon to which
they are attached, R; and R may represent C3-Cq
cycloalkyl, optionally substituted with methyl;
represents a single or double bond;

WisOorS;

one of X, X3, X3, or X4is N, NR3, O, or S and the
remainder are CR4 or CRsR¢ groups with the pro-
visos that (1) when one of X, X2, X3, or Xais N,
the remainder are three CR4 groups or one CR4
group and two CRsRg groups, and (2) when one of
X1, X2, X3, or X3is NR3, O, or S, the remainder are
three CRsR¢ groups or one CR3sR¢ group and two
CR4 groups;

R3 is C;—C4 alkyl, which may be optionally substi-
tuted with phenyl or one or more halogens; C3-C¢
alkenyl, optionally substituted with phenyl or one
or more halogens; C3-Cg alkynyl, optionally substi-
tuted with phenyl or halogen; C;-Cy alkoxy, op-
tionally substituted with phenyl or one or more
halogens; C3-Cg alkenyloxy, optionally substituted
with phenyl or one or more halogens; C3-Cg al-
kynyloxy optionally substituted with halogen or
phenyl; or C»-Cg alkanoyloxy, optionally substi-
tuted with halogen or phenyl;

R4 is hydrogen, halogen, C1-Cs alkyl; C1~C4 alkoxy,
Cz-C¢ alkanoyloxy; C;-Cs alkylthio; phenoxy;
C1-C4 haloalkyl; Ci-C4 haloalkoxy; nitro, C1-C4
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alkoxycarbonyl; C-C4 dialkylamino; C1-Cs alkyl-
sulfonyl; or phenyl, optionally substituted with one
or two C1-Cjalkyl, C1-Csalkoxy, halogen or halo-
alkyl;

Rs and Rg are each hydrogen, Cj-Cs alkyl; Cj-Cq4
alkoxy; C1~C4 haloalkoxy; nitro; C1—-Cj4 alkylsulfo-
nyl; or phenyl, optionally substituted with one or
two C)-C4 alkyl, C-C4 alkoxy, halogen or haloal-
kyl; or any combination of these groups except
when Rsand Reare the same group, they are either
both hydrogen or both Ci-C4 alkyl; and when
taken together, Rsand Rgmay form a ring in which
RsRg are represented by the structure —(CH3),—
where n is an integer of 4 or 5, or when taken
together, Rs and R¢ may form a group =—O or
=NR7 wherein R7 is phenyl, C;-C4 alkyl, C1-C4
alkoxy or C1~C4 alkylamino;

R3, R4, Rs or R¢ when present on adjacent positions

may, along with the atoms to which they are at-

tached, form a ring and such R3-Rg pairs can be
represented by the structure —(CHz),— or
—(CH);,— where m is an integer of 3 or 4;
with the provisos that represents a single bond be-
tween:
Xy and X, when either X; or X2 is S, O, NRj or
CRsRg;

X, and X3 when either X5 or X3 is O, S, NR3 or
CRsRg;

X3 and X4 when either X3 or X4 is O, S, NR; or
CRsR¢;

when B is CORg or SO3R 10, A is COORg,

and Rg is hydrogen, then represents a single aro-
matic bond, Rj is C1-C4 alkyl, and R4, Rsand Rg
may not be halogen; and

tautomers thereof, agriculturally acceptable acid ad-

dition salts and other addition compounds thereof,
the N-oxides thereof when A is COOR3; and when
R; and R are not the same, the optical isomers
thereof.

2. The Compound of claim 1 wherein A is COORg
and Rg is hydrogen; X1 is oxygen; X3, X3, and X4 are
each CRsR¢ and Rs and Rg are each hydrogen; B is
hydrogen; W is oxygen; R; is methyl; and Rj is
CH(CH3),.

3. The Compound of claim 1 wherein A is COORg
and Rg is hydrogen; X is oxygen; X, X3, and X4 are
each CRsR¢ and Rs and Re are each hydrogen; B is
hydrogen; W is oxygen; R; is methyl; and R; is
CH(CH3);.

4. The Compound of claim 1 wherein A is COORg
and Rgis CHj; X3 is oxygen; Xi, X3, and X; are each
CRsRg and Rs and Rg are each hydrogen; B is hydro-
gen; W is oxygen; R; is methyl; and R; is CH(CH3),.

5. The Compound of claim 1 wherein A is COORs
and Rgis furfuryl; Xy is oxygen; X1, X3, and X4 are each
CRsR¢ and Rs and Rg are each hydrogen; B is hydro-
gen; W is oxygen; R, is methyl; and R; is CH(CH3),.

6. The Compound of claim 1 wherein A is COORg
and Rg is hydrogen; X3 is oxygen; X1, X2, and Xjare
each CRsRg and Rs and Rg are each hydrogen; B is
hydrogen; W is oxygen; R; is methyl; and R> is
CH(CH3);.

7. The Compound of claim 1 wherein A is COORg
and Rg is hydrogen; X4 is oxygen; X, X3, and X3 are
each CRsRg and Rs and Rg are each hydrogen; B is
hydrogen; W is oxygen; R is methyl;

8. The Compound of claim 1 wherein A is COORg
and Rgis hydrogen; X4 is oxygen; X, X>, are each CRy;
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X3is CR5Rg; Ry, Rs, and Rgare each hydrogen, there is
a double bond between X and X3; B is hydrogen; W is
oxygen; R is methyl; and R is CH(CHz),.

9. The Compound of claim 1 wherein A is COORgs
and Rg is hydrogen; X4 is oxygen; Xj is CR4 and Ry is
CHj3; X2 is CRsand Ry is hydrogen; X3is CRsRgand Rs
and Rg are each hydrogen; there is a double bond be-
tween X and X,; B is hydrogen; W is oxygen; R; is
methyl; and Rj is CH(CH3)».

10. The Compound of claim 1 wherein A is COORg
and Rgis hydrogen; X4is oxygen; X1is CRsRgand Rsis
CH3and Rgis hydrogen; Xs and X3 are each CRsR¢and
Rsand Rg are each hydrogen; B is hydrogen; W is oxy-
gen; R is methyl; and Rz is CH(CH3)z.

11. The Compound of claim 1 wherein A is COORg
and Rg is hydrogen; X is sulphur; X2, X3, and X4 are
each CRsRg and Rs and Rg are each hydrogen; B is
hydrogen; W is oxygen; R; is methyl; and R: is
CH(CH3),.

12. The Compound of claim 1 wherein A is COORg
and Ry is CH3; X is sulphur; X3, X3, and X4 are each
CRsRg and Rs and Rg are each hydrogen; B is hydro-
gen; W is oxygen; R is methyl; and R, is CH(CH3),.

13. The Compound of claim 1 wherein A is COORg
and Rg is hydrogen; X3 is sulphur; Xj, X3, and x5 are
each CRsRg and Rs and Rg are each hydrogen; B is
hydrogen; W is oxygen; R; is methyl; and R; is
CH(CH3),.

14. The Compound of claim 1 wherein A is COORg
and Rg is hydrogen; X3 is sulphur; X, X», and Xj3 are
each CRsRg and Rs and Rg are each hydrogen; B is
hydrogen; W is oxygen; R; is methyl; and R; is
CH(CH2z);.

15. Compounds in accordance with claim 1 wherein

R is methyl or ethyl, R; is ethyl, propyl, isopropyl
and when R and R are taken together, they repre-
sent a cyclohexyl ring, optionally substituted with
methyl;

Rj3is C1-Cj3 alkyl, C)~-C4 alkoxy, allyloxy, CF30—,
CFHO— or CFj;

R4Rs and Rg are each hydrogen, chlorine, bromine,
C1-Cj3alkyl, C;~C;j alkoxy, C1-Cjalkylthio, Ci-Cy
dialkylamino, or when Rs and R4 are taken to-
gether form a group =0;

A is COORs.

16. Compounds in accordance with claim 15,

wherein:

B is H, benzoyl, acetyl, methanesulfonyl or p-
toluenesulfonyl;

R is methyl and R; is isopropyl;

R3 is methyl, ethyl, methoxy, ethoxy and allyloxy;

R4, Rsand Rg are each methyl, ethyl, chloro, bromo,
hydrogen, methoxy and ethoxy, or RsR¢, when
taken together are =0O; and

Wis O,

Rg is hydrogen, methyl, ethyl, propargyl, phenyl
substituted alkyl, furfuryl, or a sodium, calcium
lithium, potassium, magnesium ammoniuom, or
mono-, di-, tri or tetraalkylammonium cation.

17. The compound according to claim 16, 2-(4-isopro-
pyl-4-methyl-5-oxo-2-imidazolin-2-yl)-1,8-naphthyri-
dine-3-carboxylic acid. »

18. A method for the control of monocotyledonous
and dicotyledonous annual, perennial and aquatic plant
species comprising:

applying to the foliage of said plants or to the soil of
water containing seeds or other propagating or-
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gans thereof, a herbicidally effective amount of a
herbicidal imidazolinone of claim 1. )

19. A herbicidal composition comprising a herbicid-
ally effective amount of an imidazolinone compound as
defined in claim 1 in combination with an agriculturally
acceptable carrier therefor.

20. A method according to ciaim 18, wherein

R1 is methyl or ethy], Ry is ethyl, propyl, isopropyl
and when R; and R are taken together, they repre-
sent a cyclohexyl ring, optionally substituted with
methyl;

R3 is C1-C;j alkyl, Ci-C4 alkoxy allyloxy, CF30~,
CF,HO- or CF3;

R4Rs and Rg are each hydrogen, chlorine, bromine,
C1-Csalkyl, Cy-Cj;alkoxy, Ci-Cj alkylthio, C-C>
dialkylamino, or when Rs and R4 are taken to-
gether form a group =0;

A is COORg.

21. The method in accordance with claim 20, wherein

in the compound

B is H, benzoyl, acetyl, methanesulfonyl or p-
toluenesulfonyl;

R is methyl and R; is isopropyl;

R3 is methyl, ethyl, methoxy, ethoxy and allyloxy;

R4, Rs and Rg are each methyl, ethyl, chloro, bromo,
hydrogen, methoxy and ethoxy, or RsRg, when
taken together ar e=0; and
Wis O
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Rsg is hydrogen, methyl, ethyl, propargyl, phenyl
substituted alkyl, furfuryl, or a sodium, calcium,
lithium, potassium, magnesium ammonium, or
mono-, di-, tri or tetraalkylammonium cation.

22. A method according to claim 18, wherein the
compound is 3,4-dihydro-6-(4-isopropyl-4-methyl-5-
0x0-2-imidazolin-2-yl)-2H-pyrano(3,2-b]pyridine-7-car-
boxylic acid.

23. A method according to claim 18, wherein the
compound is 7,8-dihydro-2-(4-isopropyl-4-methyl-5-
0x0-2-imidazolin-2-yl)-5H-pyrano{4,3-b]pyridine-3-car-
boxylic acid.

24. A method according to claim 18, wherein the
compound is 3,4-dihydro-7-(4-isopropyl-4-methyl-5-
oxo-2-imidazolin-2-yl)-2H-pyranol2,3-b]pyridine-6-car-
boxylic acid.

25. A method according to claim 18 wherein the
compound is 3,4-dihydro-6-(4-isopropyi-4-methyl-5-
0x0-2-imidazolin-2-y1)-2H-thiopyranof{3,2-b}pyridine-7-
carboxylic acid.

26. A method according to claim 18, wherein the
compound is 3,4-dihydro-7-(4-isopropyl-4-methyl-5-
0xo0-2-imidazolin-2-yl)-2H-thiopyrano[2,3-b]pyridine-6-
carboxylic acid.

27. A method according to claim 18, wherein the
compound is 2-(4-isopropyl-4-methyl-5-oxo-2-imidazo-
lin-2-yl)-1,8-naphthyridine-3-carboxylic acid.

* *

* * x
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