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TITLE
HERBICIDAL 3-SUBSTITUTED LACTAMS

FIELD OF THE INVENTION

This 1invention relates to certain herbicidal 3-substituted lactams, their N-oxides, salts

and compositions, and methods of their use for controlling undesirable vegetation.

BACKGROUND OF THE INVENTION

The control of undesired vegetation 1s extremely important 1n achieving high crop

efficiency. Achievement of selective control of the growth of weeds especially in such
useful crops as rice, soybean, sugar beet, maize, potato, wheat, barley, tomato and plantation
crops, among others, 1s very desirable. Unchecked weed growth 1n such useful crops can
cause significant reduction in productivity and thereby result 1n increased costs to the
consumer. The control of undesired vegetation 1n noncrop areas 1s also important. Many
products are commercially available for these purposes, but the need continues for new
compounds that are more effective, less costly, less toxic, environmentally sater or have
different sites of action. WO 2015/084796, WO 2016/003997 and WO 2016/196593
disclose cyclic amides as herbicides. The compounds of the present invention are distinct
from the compounds described 1n these application publications. The herbicidal

3-substituted lactams of the present invention are not disclosed 1n these publications.

SUMMARY OF THE INVENTION

This disclosure relates, 1n part, to compounds of Formulal ((ncluding all

stereoisomers), N-oxides of such compounds, and salts of such compounds and N-oxides:

wherein

L. 1s selected from
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RA is C{—C5 alkyl, C{—C7 haloalkyl, C3—Cq cycloalkyl, C3—Cq halocycloalkyl, C{—C-
alkoxy, C1—C5 haloalkoxy, C3—Cg cycloalkoxy, C3—Cq halocycloalkoxy, C,—Cg

alkenyl, C,—Cg haloalkenyl, C{—C~ alkylamino, C{—C~ haloalkylamino, C,—Cyq

dialkylamino, C»,—Cq halodialkylamino, C3—Cq cycloalkylamino or C3—Cy

S halocycloalkylamino, each substituted or unsubstituted with up to 3 substituents

independently selected from RS or G1; or
RA is Gl or OG!; or

RA is taken together with R? as —C(R)(RJ)C(=0)- (i.e. to form a ring);
RbB is H, C{—C, alkoxy, C{—C, haloalkyl or C{—C, alkyl; or phenyl substituted or

10 unsubstituted with halogen or C{-C, alkyl;

RC is H, C{—C, alkoxy, C{—C, haloalkyl or C{—C, alkyl; or phenyl substituted or

unsubstituted with halogen or C{-C, alkyl;

RD is H, C{—C, alkyl or C,—C, alkylcarbonyl;

RE is H, hydroxy, amino, cyano, formyl, -C(O)NH,, C{—Cg alkyl, C{—C¢ haloalkyl,
15 CHr—Cg cyanoalkyl, C3—Cg cycloalkyl, C4—Cg cycloalkylalkyl, C>,—Cg
alkoxyalkyl, C3—Cg alkoxyalkoxyalkyl, C,—Cg haloalkoxyalkyl, C,—Cg alkenyl,
Cr—Cgq haloalkenyl, C,—Cg alkenylalkyl, C,—Cg haloalkenylalkyl, C»—Cg
alkylcarbonyl, C,—Cg haloalkylcarbonyl, C4,—C;q cycloalkylcarbonyl, Cs—Cyy

cycloalkylcarbonylalkyl, C,—Cg alkoxycarbonyl, C,—Cg haloalkoxycarbonyl,

20 C4—Cqg cycloalkoxycarbonyl, C,—Cg alkylaminocarbonyl, C3—Cqy

dialkylaminocarbonyl, C4—Cq cycloalkylaminocarbonyl, C{—C4 alkoxy, C{—Cy
alkylsulfinyl, C{—Cg haloalkylsultinyl, C;—Cg cycloalkylsulfinyl, C;—Cg
alkylsultonyl, C{—Cg haloalkylsultonyl, C3—Cg cycloalkylsultonyl, C;—Cg

alkylaminosulfonyl or C,—Cg dialkylaminosulfonyl; or GE or WEGE;
25 R} is H, formy], -C(O)NH,, C,—Cgq alkylcarbonyl, C>,—Cg haloalkylcarbonyl, C4—Cyq

30

cycloalkylcarbonyl, C,—Cg alkoxycarbonyl, C,—Cg haloalkoxycarbonyl, C4—Cg
cycloalkoxycarbonyl, C,—Cg alkylaminocarbonyl, C3—Cy
dialkylaminocarbonyl, C4—Cq cycloalkylaminocarbonyl, C{—C¢ alkylsulfinyl,
C1—C¢ haloalkylsulfinyl, C3—Cg cycloalkylsulfinyl, C{—Cg alkylsulfonyl, C{—Cgq
haloalkylsultfonyl, C3—Cg cycloalkylsulfonyl, C;—C¢ alkylaminosulfonyl, C,—Cg
dialkylaminosulfonyl, -P(=0)(OH),, C{—C¢ dialkylphosphoryl, C;—Cy
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haloalkylphosphoryl, C3—Cg cycloalkylphosphoryl, C,—Cg dialkoxyphosphoryl,
Cg—C14 dicycloalkoxyphosphoryl, Cg—Cq4 dicycloalkylalkoxyphosphoryl,
C>,—C 1, bis(alkylamino)phosphoryl, C,—~C,, bis(dialkylamino)phosphoryl; or G¥
or WEFGF:

R is formyl, -C(O)NH,, C,—Cg alkylcarbonyl, C,—Cg haloalkylcarbonyl, C,~C

cycloalkylcarbonyl, C,—Cg alkoxycarbonyl, C,—Cg haloalkoxycarbonyl, C4—Cg
cycloalkoxycarbonyl, C,—Cg alkylaminocarbonyl, C3—Cq
dialkylaminocarbonyl, C4—Cq cycloalkylaminocarbonyl, C{—C¢ alkylsulfinyl,
C1—Cg haloalkylsulfinyl, C3—Cg cycloalkylsulfinyl, C{—Cg alkylsultonyl, C;{—Cg
haloalkylsulfonyl, C3—Cg cycloalkylsultonyl, C;—C¢ alkylaminosulfonyl, C,—Cg
dialkylaminosulfonyl, -P(=0)(OH),, C{—C¢ dialkylphosphoryl, C{—Cg
haloalkylphosphoryl, C3—Cg cycloalkylphosphoryl, C,—Cg dialkoxyphosphoryl,
Cg—Cq4 dicycloalkoxyphosphoryl, Cg—Cq¢ dicycloalkylalkoxyphosphoryl,
Cr—C¢5» bis(alkylamino)phosphoryl, C4—C,,4 bis(dialkylamino)phosphoryl; or
phenyl substituted or unsubstituted with R16; or WGGG;

Rlis H, C;—C, alkoxy, C{—C, haloalkyl or C{—C, alkyl; or phenyl substituted or

unsubstituted with halogen or C;-C, alkyl;

RJ is H, C{—-C, alkoxy, C{—C, haloalkyl or C{—C, alkyl; or phenyl substituted or

unsubstituted with halogen or C;-C, alkyl;

Q! is a phenyl ring or a naphthalenyl ring system, each ring or ring system substituted

or unsubstituted with up to 5 substituents independently selected from R7; or a 4-
to 7-membered heterocyclic ring; or an 8- to 10-membered bicyclic ring system,
each ring or ring system containing ring members selected from carbon atoms
and 1 to S heteroatoms independently selected from up to 2 O, up to 2 S and up
to 5 N atoms, wherein up to 3 carbon ring members are independently selected
from C(=0) and C(=S), and the sulfur atom ring members are independently
selected from S(=0),(=NR14),, each ring or ring system substituted or
unsubstituted with up to 5 substituents independently selected from R1U on
carbon atom ring members and selected from R12 on nitrogen atom ring

members; or

Q? is a phenyl ring or a naphthalenyl ring system, each ring or ring system substituted

or unsubstituted with up to 5 substituents independently selected from R19; or a
4- to 7-membered heterocyclic ring; or an 8- to 10-membered bicyclic ring
system, each ring or ring system containing ring members selected from carbon
atoms and 1 to 4 heteroatoms independently selected fromup to2 O, upto 2 S
and up to 5 N atoms, wherein up to 3 carbon ring members are independently
selected from C(=0) and C(=S), and the sulfur atom ring members are

independently selected from S(=0),(=NR14),, each ring or ring system
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substituted or unsubstituted with up to S substituents independently selected
from R1! on carbon atom ring members and selected from R13 on nitrogen atom
ring members; or

J is -CR2R3—, -CR2R3-CR4R5—, -NR%- or —O—;

Y! and Y2 are each independently O, S or NR1>;

R1is H, hydroxy, amino, cyano, formyl, C;—Cg alkylcarbonylalkyl, -C(C{—C4
alkyl)=N-O(C{—C4 alkyl), -C(O)NH,, C{—Cg alkyl, C{—C¢ haloalkyl, Cr—Cg
alkenyl, C3—Cg4 alkynyl, C>,—Cg cyanoalkyl, C3—Cg cycloalkyl, C3—Cg
cycloalkenyl, C4—Cg cycloalkylalkyl, C,—Cg alkoxyalkyl, C3—Cg
alkoxyalkoxyalkyl, C,—Cg haloalkoxyalkyl, C,—Cg haloalkenylalkyl, C,—Cg
alkylthioalkyl, C,—Cg alkylsulfinylalkyl, C,—Cg alkylsulfonylalkyl, C,—Cyg
alkylcarbonyl, C,—Cg haloalkylcarbonyl, C4,—C;q cycloalkylcarbonyl, Cs—Cyy
cycloalkylcarbonylalkyl, C,—Cg alkoxycarbonyl, C,—Cg haloalkoxycarbonyl,
C4—Cqg cycloalkoxycarbonyl, C,—Cg alkylaminocarbonyl, C3—Cqy
dialkylaminocarbonyl, C4—Cq cycloalkylaminocarbonyl, C{—C4 alkoxy, C{—Cy
alkylthio, C{—Cg haloalkylthio, C3—Cg cycloalkylthio, C{—Cg alkylsultinyl,
C1—Cg haloalkylsulfinyl, C3—Cg cycloalkylsulfinyl, C{—Cg alkylsultonyl, C;{—Cg
haloalkylsulfonyl, C3—Cg cycloalkylsultonyl, C;—C¢ alkylaminosulfonyl, C,—Cg
dialkylaminosulfonyl, C3—C;q trialkylsilyl; or -CPh=N-O(C{-C, alkyl), each
substituted or unsubstituted on ring members with up to 5 substituents
independently selected from R13; or Gl;

R2 and R? are each independently H, halogen, hydroxy, C{—C, alkyl, C;—C, haloalky]l
or C—C, alkoxy; or

R? and R are taken together with the carbon atom to which they are bonded to form a
C3—C5 cycloalkyl ring;

R# and R> are each independently H, halogen, hydroxy, C{—C, alkyl, C;—C, haloalky]l
or C{—C, alkoxy;

R6 is C{—Cg alkyl, C,—Cg alkenyl, C3—Cg alkynyl or C1—Cg alkoxy; or

R! and RY are taken together as C3—Cg alkylene or -CH,OCH,—;

R is H, halogen, hydroxy, C{—C, alkoxy, C{—C, haloalkyl or C;—C, alkyl;

each RS is independently cyano, hydroxy, amino, nitro, -CHO, -C(=0)OH,
-C(=0)NH,, -SO,NH,, Cr—Cg4 alkenyl, C,—Cq alkynyl, C,—Cg alkylcarbonyl,
C>,—Cg haloalkylcarbonyl, C,—Cg alkoxycarbonyl, C4—C cycloalkoxycarbonyl,
Cs—Cy» cycloalkylalkoxycarbonyl, C,—Cg alkylaminocarbonyl, C3—Cyq
dialkylaminocarbonyl, C{—C¢ alkoxy, C1—Cg¢ haloalkoxy, C>—Cg
alkylcarbonyloxy, C—Cg alkylthio, C{—Cg haloalkylthio, C{—Cg alkylsulfinyl,
C1—C¢ haloalkylsulfinyl, C{—Cg alkylsulfonyl, C;—Cg haloalkylsultonyl, C{—Cg
alkylaminosulfonyl, C,—Cg dialkylaminosulfonyl, C3-Cq trialkylsilyl, C{—Csg
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alkylamino, C,—Cg dialkylamino, C,—Cg alkylcarbonylamino or C—Cg

alkylsultonylamino;

R is H, hydroxy, amino, C1—C¢ alkyl, C{—Cg haloalkyl, C,—C¢ alkenyl, C3—Cy

alkynyl, C,—Cq alkoxyalkyl, C,—Cg haloalkoxyalkyl, C,—Cg alkylthioalkyl,
Cr—Cg alkylsulfinylalkyl, C,—Cg alkylsulfonylalkyl, C,—Cg alkylcarbonyl,
C>—Cg haloalkylcarbonyl, C4—Cyq cycloalkylcarbonyl, C,—Cg alkoxycarbonyl,
C,—Cg haloalkoxycarbonyl, C4—Cq( cycloalkoxycarbonyl, C,—Cg
alkylaminocarbonyl, C3—C,y dialkylaminocarbonyl, C4—Cqg
cycloalkylaminocarbonyl, C{—Cg alkoxy, C{—Cg alkylthio, C{—Cg haloalkylthio,
C3—Cgq cycloalkylthio, C{—Cg alkylsulfinyl, C{—Cg haloalkylsulfinyl, C3—Cg
cycloalkylsulfinyl, C{—C¢ alkylsultonyl, C;—Cg haloalkylsulfonyl, C3—Cg
cycloalkylsultonyl, C;—Cg alkylaminosultonyl, C>,—Cg dialkylaminosulfonyl or
C3—C( trialkylsilyl or G1;

each R1V and R1! is independently halogen, hydroxy, cyano, nitro, amino, C{—Cg

alkyl, C{—Cg cyanoalkyl, C{—Cg cyanoalkoxy, C;—Cg haloalkyl, C{—Cg
hydroxyalkyl, C{—Cg mtroalkyl, C,—Cg alkenyl, C,—Cg haloalkenyl, C,—Cgqg
nitroalkenyl, C,—Cg alkynyl, C,—Cg haloalkynyl, C,—Cg alkoxyalkyl, C3—Cg
alkoxyalkoxyalkyl, C,—Cg haloalkoxyalkyl, C,—Cg haloalkoxyhaloalkoxy,
C3—C¢ cycloalkyl, cyclopropylmethyl, 1-methylcyclopropyl,
2-methylcyclopropyl, C4—Cqq cycloalkylalkyl, C4—C;q halocycloalkylalkyl,
Cs—Cq5 alkylcycloalkylalkyl, Cs—Cq5 cycloalkylalkenyl, Cs—C»
cycloalkylalkynyl, C3—Cg cycloalkyl, C3—Cg halocycloalkyl, C4—C1q
alkylcycloalkyl, Cs—C5 cycloalkylcycloalkyl, C3—Cg cycloalkenyl, C3—Cg
halocycloalkenyl, C,—Cg haloalkoxyalkoxy, C,—Cg alkoxyalkoxy, C4—C1g
cycloalkoxyalkyl, C,—Cg alkylthioalkyl, C,—Cg alkylsulfinylalkyl, C,—Cg
alkylsulfonylalkyl, C,—Cg alkylamino, C,—Cg dialkylamino, C»—Cg
halodialkylamino, C,—Cg alkylaminoalkyl, C,—Cg haloalkylaminoalkyl, C4—Cg
cycloalkylaminoalkyl, C3—-C;q dialkylaminoalkyl, -CHO, C,—Cg alkylcarbonyl,
Cr—Cg haloalkylcarbonyl, C4—C;q cycloalkylcarbonyl, -C(=0)OH, C,—Cg
alkoxycarbonyl, C,—Cg haloalkoxycarbonyl, C4—C;q cycloalkoxycarbonyl,
Cs—Cys cycloalkylalkoxycarbonyl, -C(=0O)NH,, C,—Cg alkylaminocarbonyl, C4—
Cq0 cycloalkylaminocarbonyl, C3—C,g dialkylaminocarbonyl, C;—Cg alkoxy,
C1—Cgq haloalkoxy, C,—Cg alkenyloxy, C»,—Cg haloalkenyloxy, C3—Cg
alkynyloxy, C3—Cg haloalkynyloxy, C3—Cg cycloalkoxy, C3—Cg
halocycloalkoxy, C4—Cq( cycloalkylalkoxy, C3;—Cy alkylcarbonylalkoxy, C,—Cg
alkylcarbonyloxy, C,—Cg haloalkylcarbonyloxy, C4—Cyq cycloalkylcarbonyloxy,
C1—Cg alkylsulfonyloxy, C{—Cg haloalkylsulfonyloxy, C{—Cg alkylthio, C{—Cgq
haloalkylthio, C3—Cg cycloalkylthio, C{—Cg alkylsulfinyl, C;—Cqg
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haloalkylsulfinyl, C{—Cg alkylsultonyl, C{—Cg haloalkylsulfonyl, C3—Cg
cycloalkylsultonyl, formylamino, C,—Cg alkylcarbonylamino, C>r—Cyg
haloalkylcarbonylamino, C3;—Cg cycloalkylamino, C,—Cg alkoxycarbonylamino,
C1—C¢ alkylsultonylamino, C;—Cg haloalkylsulfonylamino, -SFs, -SCN,
SO,NH,, C3—C 5 tnalkylsilyl, C4—Cy5 trialkylsilylalkyl or C4—Cy5
trialkylsilylalkoxy; or G2; or R20S(=0)=N-, R2US(=0),NR19—C(=0)- or
RZO(R1PN=),S(=0),,—, wherein the free bond projecting to the right indicates the
connecting point to Q1; or

each R12 and R15 is independently cyano, C{—C5 alkyl, C{—Cg hydroxyalkyl, C,—C;
alkenyl, C,—C3 alkynyl, C3—Cg cycloalkyl, C>,—C5 alkoxyalkyl, C{—C5 alkoxy,
Cr—C5 alkylcarbonyl, C,—C3 alkoxycarbonyl, C»,—C5 alkylaminoalkyl or C3—Cy4
dialkylaminoalkyl;

each R1% is independently H, cyano, C,—Cj alkylcarbonyl or C,—C5 haloalkylcarbonyl;

each R15 is independently H, cyano, hydroxy, CHO, C{-C, alkyl, C{—C, haloalky],
C—C4 alkoxy, C,—Cg alkylcarbonyl, C>r—Cg haloalkylcarbonyl, -(C=0)CHj4
or -(C=0)CFj;

each Gl is independently phenyl; or a 5- or 6-membered heterocyclic ring, each
substituted or unsubstituted on ring members with up to 5 substituents
independently selected from R!7;

each WE, WE and WU is independently —C(=0)—, —C(=0)O-, —C(=0)NH- or
—S(=0)r—;

each GE, GF and GU is independently phenyl substituted or unsubstituted with R16; or
a 5- or 6-membered heterocyclic ring, each heterocyclic ring substituted or
unsubstituted on ring members with up to 5 substituents independently selected
from R16:

each G2 is independently phenyl, phenylmethyl (i.e. benzyl), pyridinylmethyl,
phenylcarbonyl (1.e. benzoyl), phenoxy, phenylethynyl, phenylsultonyl or a 5- or
6-membered heterocyclic ring, each substituted or unsubstituted on ring
members with up to 5 substituents independently selected from R18;

each R16, R17 and R18 is independently halogen, cyano, hydroxy, amino,
nitro, -CHO, -C(=0)OH, -C(=0O)NH», -SO,NH,, C{—Cg alkyl, C;—C¢ haloalkyl,
Cr—Cg alkenyl, Cr—Cg alkynyl, C,—Cgq alkylcarbonyl, C,—Cg haloalkylcarbonyl,
C,—Cg alkoxycarbonyl, C4—Cq cycloalkoxycarbonyl, Cs—Cq5
cycloalkylalkoxycarbonyl, C,—Cg alkylaminocarbonyl, C3—-Cq
dialkylaminocarbonyl, C{—C¢ alkoxy, C1—Cg¢ haloalkoxy, Cr—Cg
alkylcarbonyloxy, C—Cg alkylthio, C{—Cg haloalkylthio, C{—Cg alkylsulfinyl,
C1—C¢ haloalkylsulfinyl, C{—Cg alkylsulfonyl, C;—Cg haloalkylsultonyl, C{—Cg
alkylaminosulfonyl, C,—Cg dialkylaminosulfonyl, C3-Cq trialkylsilyl, C{—Csg
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alkylamino, C,—Cg dialkylamino, C,—Cg alkylcarbonylamino, C{—Cyg
alkylsultonylamino, phenyl, pyridinyl or thienyl;

each R1? is independently H, cyano, C,—C5 alkylcarbonyl or C,—C5 haloalkylcarbonyl;

each R2V is independently H, C—Cg alkyl, C3—Cg cycloalkyl, C4—~Cg cycloalkylalkyl,
C1—C¢ haloalkyl, Cr—Cg alkenyl, C3—Cg alkynyl, C,—Cg alkoxyalkyl, C,—Cyg
haloalkoxyalkyl, C,—Cg alkylthioalkyl, C,—Cg alkylsulfinylalkyl, C,—Cg
alkylsulfonylalkyl, C{—Cg alkoxy or C;—Cqq trialkylsilyl; or G1;

each u and v are independently 0, 1 or 2 in each instance of S(=0),(=NR!%),, provided
that the sumofuandvis 0, 1 or2; and

each p and q are independently O, 1 or 2 1n each instance of R20(R19N=)qS(=O)p—,
provided that the sum of u and v1s 0, 1 or 2 and when p 1s 0, g 1s other than 1 or
2.

More particularly, this invention pertains to a compound of Formula 1 (1ncluding all
stereorsomers), an N-oxide or a salt thereof. This invention also relates to a herbicidal
composition comprising a compound of the invention (1.e. 1n a herbicidally etfective amount)
and at least one component selected from the group consisting of surfactants, solid diluents
and liquid diluents. This invention further relates to a method for controlling the growth of
undesired vegetation comprising contacting the vegetation or 1its environment with a
herbicidally effective amount of a compound of the invention (e.g., as a composition
described herein).

This invention also includes a herbicidal mixture comprising (a) a compound selected
from Formula 1, N-oxides, and salts thereof, and (b) at least one additional active ingredient

selected from (b1l) through (b16); and salts of compounds of (bl) through (b16), as described

below.

DETAILS OF THE INVENTION

29 ¢¢;! 29 &6

comprising,” “includes,” “including,” “has,”

29 ¢¢

As used herein, the terms ““‘comprises,

29 94

contains”, ‘“‘containing,

2% &6 2% 66

“having, characterized by~ or any other variation thereof, are
intended to cover a non-exclusive inclusion, subject to any limitation explicitly indicated.
For example, a composition, mixture, process or method that comprises a list of elements 1s
not necessarily limited to only those elements but may i1nclude other elements not expressly
listed or inherent to such composition, mixture, process or method.

The transitional phrase “consisting of” excludes any element, step, or ingredient not
specitied. It in the claim, such would close the claim to the inclusion of materials other than
those recited except for impurities ordinarily associated therewith. When the phrase
“consisting ot appears 1n a clause of the body of a claim, rather than immediately following
the preamble, 1t Iimits only the element set forth 1n that clause; other elements are not

excluded from the claim as a whole.
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The transitional phrase “consisting essentially of” 1s used to define a composition or
method that includes materials, steps, features, components, or elements, 1n addition to those
literally disclosed, provided that these additional maternals, steps, features, components, or
elements do not materially affect the basic and novel characteristic(s) of the claimed
invention. The term “‘consisting essentially of” occupies a middle ground between
“comprising” and “consisting of”.

Where applicants have defined an invention or a portion thereot with an open-ended
term such as “comprising,” it should be readily understood that (unless otherwise stated) the
description should be interpreted to also describe such an 1nvention using the terms
“consisting essentially of” or “consisting of.”

Further, unless expressly stated to the contrary, “or” refers to an inclusive or and not to
an exclusive or. For example, a condition A or B 1s satistied by any one of the following: A
1s true (or present) and B 1s false (or not present), A 1s false (or not present) and B 1s true (or
present), and both A and B are true (or present).

Also, the indefinite articles “a” and “an” preceding an element or component of the
invention are 1ntended to be nonrestrictive regarding the number of 1nstances (1.e.
occurrences) of the element or component. Therefore “a” or “an” should be read to include
one or at least one, and the singular word form of the element or component also 1includes the
plural unless the number 1s obviously meant to be singular.

As referred to herein, the term ““seedling”, used either alone or 1n a combination of
words means a young plant developing from the embryo of a seed.

As referred to herein, the term “broadleat” used either alone or in words such as
“broadleat weed” means dicot or dicotyledon, a term used to describe a group of
anglosperms characterized by embryos having two cotyledons.

As used herein, the term “alkylating agent”™ refers to a chemical compound 1n which a
carbon-containing radical 1s bound through a carbon atom to a leaving group such as halde
or sultonate, which 1s displaceable by bonding of a nucleophile to said carbon atom. Unless
otherwise indicated, the term “‘alkylating” does not limit the carbon-containing radical to
alkyl.

In the above recitations, the term “alkyl”, used either alone or in compound words such
as “alkylthi0” or “haloalkyl” includes straight-chain or branched alkyl, such as, methyl,
ethyl, n-propyl, i-propyl, or the different butyl, pentyl or hexyl 1somers. “Alkenyl” includes
straight-chain or branched alkenes such as ethenyl, 1-propenyl, 2-propenyl, and the different
butenyl, pentenyl and hexenyl i1somers. “Alkenyl” also includes polyenes such as
1,2-propadienyl and 2,4-hexadienyl. “Alkynyl” includes straight-chain or branched alkynes
such as ethynyl, 1-propynyl, 2-propynyl and the different butynyl, pentynyl and hexynyl
1somers. “Alkynyl” can also include moieties comprised of multiple triple bonds such as

2,5-hexadiynyl. “Alkylene” denotes a straight-chain or branched alkanediyl. Examples of
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“alkylene™ include CH,CH,CH,, CH,CH(CH3) and the different butylene, pentylene and
hexylene 1somers.

“Alkoxy” 1ncludes, for example, methoxy, ethoxy, n-propyloxy, 1sopropyloxy and the
different butoxy, pentoxy and hexyloxy isomers. “Alkoxyalkyl” denotes alkoxy substitution
on alkyl. Examples of “alkoxyalkyl” include CH;OCH,, CH3;0CH,CH,, CH;CH,OCH,,
CH,CH,CH,CH,OCH, and CH;CH,OCH,CH,. “Alkoxyalkoxyalkyl” denotes at least
alkoxy substitution on the alkoxy moiety of alkoxyalkyl moiety. Examples of
“alkoxyalkoxyalkyl” 1include = CH3;0CH,OCH,-, CH3;CH,O(CH;)CHOCH,-  and
(CH;0),CHOCH,-. “Alkoxyalkoxy” denotes alkoxy substitution on alkoxy. . Examples of
alkoxyalkoxy include CH;CH,OCH-O, (CH3),CHOCH,CH»O and CH;CH,CH,OCH-5O.
“Alkenyloxy” 1ncludes straight-chain or branched alkenyloxy moieties. Examples of
“alkenyloxy” 1nclude H,C=CHCH»O, (CH3),C=CHCH»0O, (CH;)CH=CHCH,O,
(CH3)CH=C(CH;)CH»O and CH,=CHCH,CH»0O. “Alkynyloxy” includes straight-chain or
branched alkynyloxy moieties. Examples of “alkynyloxy” include HC=CCH-O,
CH;C=CCH»0 and CH;C=CCH,CH»0. “Alkylthi0” includes branched or straight-chain
alkylthio moieties such as methylthio, ethylthio, and the different propylthio, butylthio,
pentylthio and hexylthio 1somers. “Alkylsulfiny]” 1ncludes both enantiomers of an
alkylsulfinyl group. Examples of “alkylsulfinyl” include CH3S(0O)-, CH;CH,S(O)-,
CH;CH,CH»S(O)-, (CH3),CHS(O)- and the different butylsulfinyl, pentylsulfinyl and
hexylsulfinyl 1somers. “Alkylsulfonyl” indicates a sulfonyl moiety substituted with a
straight-chain or branched alkyl group. Examples of “alkylsulfonyl” include CH3S(O),-,
CH;CH»S(0),-, CH3CH,CH»S(0)5-, (CH3),CHS(O)5-, and the different butylsultonyl,
pentylsultonyl and hexylsultonyl 1somers. “Alkylthioalkyl” denotes alkylthio substitution
on alkyl. Examples of “alkylthioalkyl” include CH3SCH,, CH3SCH,CH,, CH3CH,SCHo,
CH;CH,CH,CH,»SCH» and CH3CH»,SCH,CH,. “Alkylsulfinylalkyl™ denotes alkylsulfinyl
substitution on alkyl. Examples of “alkylsulfinylalkyl” 1nclude CH3S(=0)CH,,
CH;35(=0)CH,>CH», CH3CH»S(=0)CH» and CH3CH»S(=0)CH,CH,. “Alkylsulfonylalkyl”
denotes alkylsultonyl substitution on alkyl. Examples of “alkylsulfonylalkyl” 1nclude
CH35(=0),CH,, CH35(=0),CH,CH,>, CH;CH»5(=0),CH, and CH;CH»5(=0),CH,>CH».
Examples of “alkylsulfonyloxy” 1include CH3S(0),0-, CH3CH»S(0),0O- and
CH;CH,CH»S(0),0-. “Alkylamino”, “dialkylamino”, “halodialkylamino™ and the like, are
defined analogously to the above examples. Examples of “alkylsulfonylamino™ include
CH3S5(=0O)NH- and CH,CH,CH»S(=O)NH-. Examples of “alkylaminoalkyl” include
CH3;NHCH»-, (CH3),CHNHCH»- and CH;NHCH(CH3)-. Examples of “dialkylaminoalkyl”
include (CH3),NCH»-, (CH3),NC(CH3)H- and (CH3)(CH3)NCH»,-. Examples of
“alkylaminocarbonyl” 1include (CH3)NHC(O)- and (CH3CH,)NHC(O)-. An example of
“dialkylaminocarbonyl” 1s (CHj3),NC(O)-. An example of “alkylaminosulfonyl™ 1s
(CH3)NHS(O),- and an example of “dialkylaminosulfonyl” 1s (CH3),NS(O),-. The term
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“alkylcarbonylamino™ denotes a straight-chain or branched alkyl moiety bonded to the
C(=0) moiety of carbonylamino group. Examples of “alkylcarbonylamino™ include
CH;C(=O)NH- and CH;CH,C(=O)NH-. The term “alkoxycarbonylamino” denotes a
straight-chain or branched alkoxy moiety bonded to the C(=0) moiety of carbonylamino
group. Examples of “alkoxycarbonylamino™ include CH;0C(=0O)NH- and
CH;CH,OC(=0)NH-.

“Cycloalkyl” 1ncludes, for example, cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl. The term “alkylcycloalkyl” denotes alkyl substitution on a cycloalkyl moiety
and 1ncludes, for example, ethylcyclopropyl, i-propylcyclobutyl, 3-methylcyclopentyl and
4-methylcyclohexyl. The term “cycloalkylalkyl” denotes cycloalkyl substitution on an alkyl
moiety. Examples of “cycloalkylalkyl”™ include cyclopropylmethyl, cyclopentylethyl, and
other cycloalkyl moieties bonded to straight-chain or branched alkyl groups. Examples of
the term “alkylcycloalkylalkyl” include I-methylcyclopropylmethyl and
2-methylcyclopentylethyl. The term “‘cycloalkylalkenyl” denotes cycloalkyl bonded to an
alkenyl moiety. The term “‘cycloalkylcycloalkyl” denotes cycloalkyl substitution on a
cycloalkyl moiety by a single bond. The term “cycloalkylalkynyl” denotes cycloalkyl
bonded to an alkynyl moiety. The term “cycloalkylamino™ denotes cycloalkyl bonded to an
amino moiety. The term “cycloalkylaminocarbonyl” denotes cycloalkyl bonded to an
aminocarbonyl moiety. The term “‘cycloalkylaminoalkyl”™ denotes cycloalkyl bonded to an
aminoalkyl moiety. The term “cycloalkylcarbonyl” denotes cycloalkyl bonded to a carbonyl
moiety. The term “‘cycloalkylcarbonylalkyl”™ denotes cycloalkyl bonded to a carbonylalkyl
moiety. The term “cycloalkylcarbonyloxy™ denotes cycloalkyl bonded to the carbon atom of
a carbonyloxy moiety. The term “cycloalkoxy” denotes cycloalkyl linked through an
oxygen atom such as cyclopentyloxy and cyclohexyloxy. The term “cycloalkoxyalkyl”
denotes cycloalkoxy linked through an alkyl moiety. The terms “cycloalkylthio”,
“cycloalkylsulfinyl” and “cycloalkylsulfonyl” denotes cycloalkyl bonded through a sultur,
sulfinyl or sulfonyl moiety, respectively.

The term “cycloalkoxycarbonyl” denotes cycloalkoxy linked through a carbonyl
moilety. “Cycloalkylalkoxy”™ denotes cycloalkylalkyl linked through an oxygen atom
attached to the alkyl chain. Examples of “cycloalkylalkoxy”™ include cyclopropylmethoxy,
cyclopentylethoxy, and other cycloalkyl moieties bonded to straight-chain or branched
alkoxy groups. “Cycloalkenyl” includes groups such as cyclopentenyl and cyclohexenyl as
well as groups with more than one double bond such as 1,3- and 1,4-cyclohexadienyl. The
term “halocycloalkenyl” denotes halogen substitution on the cycloalkenyl moiety.

The term “halogen”, either alone or in compound words such as “haloalkyl”, or when
used 1n descriptions such as “‘alkyl substituted with halogen™ includes fluorine, chlorine,
bromine or 10odine. Further, when used 1n compound words such as “haloalkyl™, or when

used 1n descriptions such as “alkyl substituted with halogen™ said alkyl may be partially or
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fully substituted with halogen atoms which may be the same or different. Examples of
“haloalkyl” or “alkyl substituted with halogen™ include F;C, CICH,, CF;CH, and CF;CCl,.
The terms “halocycloalkyl”, ‘“halocycloalkylalkyl™, “halocycloalkoxy”, “haloalkoxy”,
“haloalkoxyalkoxy”, “haloalkylthio™, “haloalkylsulfinyl”, “haloalkylsulfonyl”,
“haloalkenyl™, “haloalkynyl”, “haloalkenyloxy”, “haloalkenylalkyl”, “haloalkylcarbonyl”,
“haloalkylcarbonylamino™, “haloalkylsulfonylamino”, “haloalkoxyhaloalkoxy™, “haloalkyl-
sulfonyloxy”, “haloalkynyloxy”, “haloalkoxyalkyl”, “haloalkylcarbonyloxy”,
“haloalkylaminoalkyl™ and the like, are defined analogously to the term ‘“haloalkyl™.
Examples of “haloalkoxy™ include CF;0-, CCI3;CH,0-, HCF,CH,CH»0O- and CF;CH5O-.
Examples of “haloalkylthio™ include CCl;3S-, CF3S-, CCl3CH»S- and CICH,CH,CH5S-.
Examples of “haloalkylsultinyl” include CF3S(0)-, CCI35(0)-, CF3zCH»S(0)- and
CF;CEF>S(0O)-. Examples of “haloalkylsulfonyl” include CF35(0);-, CCl3S5(0),-,
CF3;CH»S5(0),>- and  CF3CE>S(O),-. Examples of ‘“haloalkylsulfonyloxy” include
CHCI,5(0),0-,  CH,CICH,5(0),0-  and CH3;CHCICH5,S(0),0-. Examples of
“haloalkenyl” 1include (Cl);C=CHCH,- and CF;CH,CH=CHCH,-. Examples of
“haloalkenyloxy” 1nclude (Cl),C=CHCH»O- and CF;CH,CH=CHCH»O-. Examples of
“haloalkynyl™ include HC=CCHCI-, CF;C=C-, CCl3C=C- and FCH,C=CCH,»-. Examples
of “haloalkynyloxy” include HC=CCHCIO-, CCl3;C=C- and FCH,C=CCH,0O-. Examples of
“haloalkoxyalkyl” include CF;0OCH,-, CICH,CH,OCH,CH»-, Cl3CCH,OCH»- as well as
branched alkyl denvatives. Examples of “haloalkoxycarbonyl” include CF;0C(O)-,
CICH,CH,OCH,CH5-, CI3CCH,OCH,OC(O)- as well as branched alkyl derivatives.

“Alkylcarbonyl” denotes a straight-chain or branched alkyl moiety bonded to a C(=0)
moiety. “Alkoxycarbonyl” denotes a straight-chain or branched alkoxy moiety bonded to a
C(=0) moiety. Examples of “alkylcarbonyl” include CH;C(=0)-, CH3;CH,CH,C(=0)- and
(CH3),CHC(=0)-. Examples of “alkoxycarbonyl” include CH;0OC(=0)-, CH3CH,OC(=0)-,
CH;CH,CH,OC(=0)-, (CH3),CHOC(=0)- and the different butoxy- or pentoxycarbonyl
1somers. “Cycloalkylalkoxycarbonyl”™ denotes a cycloalkylalkyl moieties bonded to an
oxygen atom of alkoxycarbonyl moiety. Examples of “cycloalkylalkoxycarbonyl™ include
cyclopropyl-CH,OC(=0)-, cyclopropyl-CH(CH;)OC(=0)- and cyclopentyl-CH,OC(=0)-.
“Alkylcarbonylalkyl” denotes a straight-chain or branched chain alkyl group bonded to the
carbon atom of to a carbonylalkyl moieity. Examples of “‘alkylcarbonylalkyl”™ include
(CH3)C(=0)CH5- and (CH3CH,)C(=0)CH,-. “Alkylcarbonyloxy” denotes a straight-chain
or branched-chain alkyl group bonded to the carbon atom of to a carbonyloxy moieity.
Examples of “alkylcarbonyloxy” include (CH3)C(=0)O- and (CH3CH,)C(=0)0O-.

The term “dialkylphosphoryl™ refers to a phosine oxide derivative. Examples of
“dialkylphosphoryl” include -P(=0)(CHj3), and -P(=0)(CH,CHj3),. The term
“haloalkylphosphoryl” refers to a halogenated phosphine oxide derivative. Examples of
“haloalkylphosphory™ include P(=0)(CH»Cl), and -P(=0)(CH,CH»Br),
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and -P(=0)(CH,CH,CH»CF5),. The term “cycloalkylphosphoryl” refers to a cycloalkyl
phosphine oxide derivative. Examples of “cycloalkylphosphoryl™ include -P(=0)(c-Pr), and
-P(=0)(c-hex),. The term “dialkoxyphosphoryl™ reters to a phosphonic acid derivative.
Examples of “dialkoxyphosphoryl” include -P(=0)(OCH3), and -P(=0)(OCH,CHj3),. The
term “‘dicycloalkylalkoxyphosphoryl” refers to a phosphonic acid derivative. Examles of
“dicycloalkylalkoxyphophoryl” include -P(=0)(O-c-Pr), and -P(=0)(O-c-Bu),. Examples
of bis(alkylamino)phosphoryl 1include -P(=0O)(NHCH;), and -P(=0O)(NHCH,CHj)-.
Examples of bis(dialkylamino)phosphoryl include -P(=0)(N(CH3)»)»,
and -P(=0)(N(CH,CH»CH3)»)»

The term “‘cyanoalkyl” or “cyanoalkoxy” means a cyano group bonded through an
alkyl or alkoxy moiety, respectively. The carbon 1n the cyano group 1s not included 1n the
total number of carbon atoms for this term. The term “mitroalkyl” or “nitroalkenyl”
represents a nitro group bonded through an alkyl or alkenyl moiety, repectively. The term
“hydroxyalkyl” means a hydroxyl group bonded through an alkyl moiety. The term
“trialkylsilyl” means three alkyl groups bonded through silicon. The term
“trialkylsilylalkyl” means three alkyl groups bonded through a silylalkyl moiety. The term
“trialkylsilylalkoxy™ means three alkyl groups bonded through a silylalkoxy moiety.

The total number of carbon atoms in a substituent group 1s indicated by the “C;—C;”
prefix where 1 and j are numbers from 1 to 24. For example, C{—C, alkylsultonyl designates
methylsultonyl through butylsulfonyl; 5, alkoxyalkyl designates CH;OCH,-; (4
alkoxyalkyl designates, tfor example, CH;CH(OCH3)-, CH;0OCH,CH>- or CH;CH,OCH>-;
and C, alkoxyalkyl designates the various 1somers of an alkyl group substituted with an
alkoxy group containing a total of four carbon atoms, examples 1ncluding
CH;CH,CH,OCH5- and CH3CH,OCH,CH»-.

When a compound 1s substituted with a substituent bearing a subscript that indicates
the number of said substituents can exceed 1, said substituents (when they exceed 1) are
independently selected from the group of defined substituents, e.g., (R7)n, nis 1, 2, 3, 4 or
5). When a group contains a substituent which can be hydrogen, for example R2 or R> then
when this substituent 1s taken as hydrogen, 1t 1s recognized that this 1s equivalent to said
group being unsubstituted. When a variable group 1s shown to be optionally attached to a
position, for example (R7), wherein n may be 0, then hydrogen may be at the position even if
not recited 1n the variable group definition. When one or more positions on a group are said
to be “not substituted” or “unsubstituted”, then hydrogen atoms are attached to take up any
free valency.

The expression “fully saturated™ 1n relation to a ring of atoms means that the bonds
between the atoms of the ring are all single. The expression “fully unsaturated™ 1n relation to
a ring means that the bonds between the atoms in the ring are single or double bonds

according to valence bond theory and furthermore the bonds between the atoms in the ring
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include as many double bonds as possible without double bonds being cumulative (1.e. no

C=C=C, N=C=C, etc.). The term “partially unsaturated” in relation to a ring denotes a ring
comprising at least one ring member bonded to an adjacent ring member though a double
bond and which conceptually potentially accommodates a number of non-cumulated double
bonds through adjacent ring members (1.e. 1n 1ts fully unsaturated counterpart form) greater
than the number of double bonds present (1.e. 1n 1ts partially unsaturated form). When a fully
unsaturated ring satisfies Huckel’s rule then it can also be described as aromatic.

Unless otherwise indicated, a “ring” or “ring system” as a component of Formula 1
(e.g., substituent Q1) is carbocyclic or heterocyclic. The term “ring system” denotes two or
more fused rings. The terms “bicyclic ring system™ and “fused bicyclic ring system™ denote
a ring system consisting of two fused rings, in which either ring can be saturated, partially
unsaturated, or fully unsaturated unless otherwise indicated. The term “fused heterobicyclic
ring system” denotes a fused bicyclic ring system 1n which at least one ring atom 1s not
carbon. The term “ring member” refers to an atom or other moiety (e.g., C(=0), C(=S),
S(=0) or S(=0),) forming the backbone of a ring or ring system.

The terms “carbocyclic ring”, “carbocycle” or “carbocyclic ring system™ denote a ring
or ring system wherein the atoms forming the ring backbone are selected only from carbon.
Unless otherwise indicated, a carbocyclic ring can be a saturated, partially unsaturated, or
fully unsaturated ring. When a tully unsaturated carbocyclic ring satisties Huickel’s rule,
then said ring 1s also called an “aromatic ring”. “Saturated carbocyclic” refers to a ring
having a backbone consisting of carbon atoms linked to one another by single bonds; unless
otherwise specified, the remaining carbon valences are occupied by hydrogen atoms.

The terms “heterocyclic ring”, “heterocycle” or “heterocyclic ring system™ denote a
ring or ring system in which at least one atom forming the ring backbone 1s not carbon, e.g.,
nitrogen, oxygen or sulfur. Typically a heterocyclic ring contains no more than 5 nitrogens,
no more than 2 oxygens and no more than 2 sulturs. Unless otherwise indicated, a
heterocyclic ring can be a saturated, partially unsaturated, or fully unsaturated ring. When a
fully unsaturated heterocyclic ring satisties Hiickel’s rule, then said ring 1s also called a
“heteroaromatic ring~ or “aromatic heterocyclic ring”. Unless otherwise 1ndicated,
heterocyclic rings and ring systems can be attached through any available carbon or nitrogen
by replacement of a hydrogen on said carbon or nitrogen.

“Aromatic” indicates that each of the ring atoms 1s essentially in the same plane and
has a p-orbital perpendicular to the ring plane, and that (4n + 2) & electrons, where n 1s a
positive integer, are associated with the ring to comply with Huckel’s rule. The term
“aromatic ring or ring system’” denotes a carbocyclic or heterocyclic ring or ring system 1n
which the ring or at least one ring of the ring system 1s aromatic. The term “aromatic ring or
ring system” 1s also referred to as “aryl”. The term “aromatic heterocyclic ring system”

denotes a heterocyclic ring system 1n which at least one ring of the ring system 1s aromatic.
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The term “nonaromatic ring system’ denotes a carbocyclic or heterocyclic ring system that
may be fully saturated, as well as partially or fully unsaturated, provided that none of the
rings 1n the ring system are aromatic. The term “nonaromatic carbocyclic ring system”
describes a carbocyclic ring system 1n which no ring in the ring system 1s aromatic. The
term “‘nonaromatic heterocyclic ring system™ denotes a heterocyclic ring system in which no
ring 1n the ring system 1s aromatic.

The term “‘substituted or unsubstituted™ or “optionally substituted” 1n connection with
the heterocyclic rings refers to groups which are unsubstituted or have at least one
non-hydrogen substituent that does not extinguish the biological activity possessed by the
unsubstituted analog. As used herein, the following defimtions shall apply unless otherwise
indicated. The term “‘substituted or unsubstituted™ 1s used interchangeably with the phrase
“optionally substituted” or with the term “(un)substituted.” Unless otherwise indicated, an
optionally substituted group may have a substituent at each substitutable position of the
group, and each substitution 1s independent of the other.

When Q! or Q? is 4- to 7-membered heterocyclic ring system, it may be attached to the
remainder of Formula 1 though any available carbon or nitrogen ring atom, unless otherwise
described. As noted above, Q! and Q2 can be (among others) phenyl optionally substituted
with one or more substituents selected from a group of substituents as defined 1n the
Summary of the Invention. An example of phenyl optionally substituted with one to five
substituents is the ring illustrated as U-1 in Exhibit 1, wherein, for example, RV is R10 as
defined in the Summary of the Invention for Q!, or RV is R!! as defined in the Summary of
the Invention for Q2, and r is an integer (from O to 53).

As noted above, Q1 and Q2 can be (among others) a 5- or 6-membered unsaturated
heterocyclic ring, substituted or unsubstituted with one or more substituents selected from a
group of substituents as defined in the Summary of the Invention. Examples of a 5- or
6-membered unsaturated aromatic heterocyclic ring substituted or unsubstituted with from
one or more substituents include the rings U-2 through U-61 1llustrated in Exhibit 1 wherein
RY is any substituent as defined in the Summary of the Invention for Q! and Q2, and r is an
integer from O to 4, limited by the number of available positions on each U group. As U-29,
U-30, U-36, U-37, U-38, U-39, U-40, U-41, U-42 and U-43 have only one available
position, for these U groups r 1s Iimited to the integers O or 1, and r being O means that the U

group 18 unsubstituted and a hydrogen 1s present at the position indicated by (RV)..
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