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SILANE COMPOUNDS AND METHODS OF USING THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of prionity to U.S. Provisional Application No.
61/978,402 filed April 11, 2014, which is hereby incorporated herein by reference in its
entirety.

BACKGROUND

Many complex organic compounds, including many clinically approved
pharmaceuticals, contain one or more chiral centers and may be provided in the form of one or
more stercoisomers. In such cases, the multistep synthesis of complex organic compounds can
employ stercoselective synthetic steps to provide, for example, enantioenriched compositions of
a desired stereoisomer. For example, the synthesis of bicactive compounds such as Vinblastine,
Lexapro, and Cialis can involve the stercoselective syntheses of arene rich triaryl- or diaryl-
functionalitics.

A variety of stercoselective synthetic methodologies are known in the art, including
stercoselective methods for the preparation of triaryl- and diaryl- methanes, However, many
existing methods for preparing compounds in a stereoselective manner are inetficient {e.g., low
vielding} and/or require the use of enantioenriched substrates. Improved stereoselective
synthetic methodologies for preparing a variety of complex organic compounds, including
triaryl~ and diaryl- methanes, are needed.

SUMMARY

Provided herein are compounds defived by Formula I

wherein

n=%{orl;

m={0orl;

R'and RY are each independently chosen from H and substituted or unsubstituted

Ci-Caalieyl;
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RZ, RY RY RS, and R (ie, R%-R% and R¥, RY, RY, RY, and R® (i, RZ-R) are
cach independently chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted
amino, silyl, thiol, substituted or unsubstituted thicalkvl, substituted or unsubstituted alkyl,
substitited or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryt, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl, or wherein, as valence and
stability permit, independently R? and R, R® and R*, R* and R°, R® and R®, RY and RY, R
and RY, RY and R*", R” and R®, , or R* and R, together with the atoms to which they are
attached, form a 3-10 merobered substituted or unsubstitaied cyclic moiety optionally
including between 1 and 3 heteroatoms; and

R7and R are each independently chosen from H, OH, and halogen; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkoyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substituted or unsubstituied thioalkyl, substituted or ansubstituted abloyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl;

or wherein, as valence and stability permit, R® and R®, together with the atoms to
which they are attached, form a 7-9 membered silacycle;

with the proviso that when R® and R”, together with the atoms to which they are
attached, form a 7-membered silacycle, R', RY, R*-R” and R*-R” are not all H and R? and

R” are not both phenyl.
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fu sorne exaraples of Formula 1, when R® and R®, together with the atoms to which
they are attached, form a 9-membered silacycle, R, RV, R%R7 and R¥-R” are not all H.

In some examples of Formula I, when R® and R”, together with the atoms to which
they are attached, form a S-membered silacycle, R' and RY are not both ~CHz; and R*-R
and R?-R7 are not all H,

In certain examples of Pormula I, when R® and R”, together with the atoms to which
they are attached, form a 9-membered silacycle, RE, RY, R%-R7 and R¥-R” are not all H and

R* and R? are not both chosen from the moieties shown below.

\_7 TN

In some examples of Formula I, the compound can be defined by Formmula I

g5 RO RY o

i

whereinn, m, R/, RU, R7, RY, RY RS, RE, RY, RY,RY, R, RY, R, and R7” arc as defined
above with respect to Formula 1, with the proviso that when 1=0 and m=0, R', RV, R*-R’
and R¥-R” are not all H and R? and R? are not both phenyl.

In some examples of Formula 1, the compound cxhibits Co-symmetry.

In some examples of Formula 11, when n=1 and m=1, R}, RV, R®-R7 and R¥-R7 are
not all H.

fu sorne exaraples of Formula 11, when n=1 and ra=1; R! and R are not both —-CHa;
and R*-R7 and R¥-R” are not all H.

In certain examples of Formmula I, when n=1 and m=1, R}, RY, R-R7 and R¥-R7 are
not all H and R® and R? are not both chosen from the moieties shown below.

/CF3
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Io some exaraples of Formula 11, the corapound can be defined by Formula [

11

wherein n, m, RYL RY, R2, R, RS, RY, RY, and R7 are as defined above with respect to
5  Formula I, with the proviso that when n=0 and m=0, R', R', R®, R®>, " and R® arc not all
H and R? and R? are not both phenyl.
In some examples of Formula {H, v and m are both 1 and the compound can be

defined by Formula Hfa:

i
R oR'
10 HiE)
wherein R, RV, R2 RY, R%, R?, RY, and R® are as defined above with respect to Formula 1.

in some examples of Formula 11, the compound can be defined by Formula 1V:

1t}

W oag

3
g \ORT

v
15 whereinn, my, RY, RY, R, RY RY, and R” are as defined above with respect to Formula L.
In some examples of Formula IV, nand m are both | and the corapound can be

defined by Formula IVa:
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i
R%:f/ \GR"

iVa
wherein R, RY, RY, R RY, and R are as defined above with respect to Formula L

In some examples of Formula I, the compound can be defined by Formula V:

3
v
wherein n, m, RY, RY, R, and RY are as defined above with respect to Formula 1.
in some examples of Formula V, i1 and m are both 1 and the compound can be
defined by Formula Va:
10

Va

wherein R, RV, R?, and R are as defined above with respect to Formula L

In some examples of Formula I, the compound can be defined by Formula VI
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T
R \‘OR“'
Vi
wherein n, m, RL RY, R, and R” are as defined above with respect to Formula 1.
in some examples of Formula VI, n and m are both T and the compound can be

S defined by Formula Via:

Via
wherein R', R, R’ and R” are as defined above with respect to Formula L

in some examples of Formula 11, the compound can be defined by Formula VII:

10
VH
wherein n, m, RL, RY, R?, and R? are as defined above with respect to Formula 1, with the
proviso that when 1=0 and m=0, R' and R' are not both H and R? and R* are not both
phenyl.
15 in some examples of Formula VI, v and o are both T and the compound can be

defined by Formula Via:
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Vila
wherein RY, RY, R%, and R* are as defined above with respect to Formula 1.

Io some exaraples of Formula 11, the corapound can be defined by Formula VHE

5

Vil

wherein n, m, RY, and R' are as defined above with respect to Fornmla 1.

In some examples of Formula VI nand m are both 1 and the corapound can be
defined by Formula Viila:
Si
10 Rq(’)/ \ORT

Viiia

wherein R and RY are as defined above with respect to Formula .

In some examples, the compound can be one of the following:
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< "Si SE\
H,00  OCH;

s 5
uef “OH H,oo OCH, Ho oM

5 , OF

In some examples of Formula i, the compound can be defined by Formula IX:

r'd R?

X

wherein n, m, RY, RY, R R RS, RY, RY, R%, R®, and R” are as defined above with respect

to Formoula L
In some exaniples of Formula X, m is 0. In some examples of Formula IX, R’ is
substituted or unsubstituted aryl. In certain exarples of Formula IX, m is 0 and R” is

substitited or unsubstituted aryl. For example, in certain examples of Formula IX, mis §
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and R is substituted or unsubstituted phenyl. In certain exaraples of Forroula IX, R¥is

chosen from the moieties shown below

wherein EDG represents an electron donating group and EWG represents an electron
5 withdrawing group, and p is chosen frora 1, 2, 3, 4 and 5.

in some examples of Formula 1, the compound can be defined by Formula X:

X

wherein n, m, R}, RV, R*, R% RY, RY, RY, and R” are as defined above with respect to
10 Formula L
In some examples of Formula X, m is 8. In some examples of Formula X, R is
substituted or unsubstituted aryl. In certain examples of Formula X, mis 0 and R% is
substituied or unsubstituted aryl. For example, 1u certain examples of Formula X, mis 0
and R is substituted or unsubstituted phenyl. In certain examples of Fornmila X, R¥ is

15 chosen from the moieties shown below

]

. X
(EDG)p “, and (E\NG)J .

wherein EDG represents an electron donating group and EWG represends an electron

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5.

In some examples of Formula 1, the compound can be defined by Formula XI:
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. 5 17 2 T 8 - O ; . - .
wherein n, m, RY, RY, R, RY, R®, and R® are as defined above with respect to Formula .

In some examples of Formula X1, m is 8. In some examples of Formula Xi, R is

LA

substituted or unsubstituted aryl. In certain examples of Formula Xi, m is 0 and R” is
substituted or unsubstituted aryl. For example, in certain examples of Formula XI, mis 0
and R is substituted or unsubstituted phenyl. In certain examples of Fornula X1, R¥ is

chosen from the moicties shown below

10 wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5.

In some examples of Formula 1, the compound can be defined by Formula XII:

rid R

X

15 whereinn, m, R, RY, R3S, R¥, R®, and R’ are as defined above with respect to Formula L.
In some examples of Formula X1, m is 0. In some examples of Formula X1, R” is
substituted or unsubstituted aryl. In certain examples of Formula XII, mis 0 and R® is
substituted or unsubstituted aryl. For example, 1u certain examples of Formula X1, mis €
and R is substituted or unsubstituted phenyl. In certain examples of Fornmila X1I, R® is

200 chosen from the moieties shown below

10
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and S.

In some examples of Formula §, the compound can be defined by Formula X1

W

X
wherein n, m, RY RY, R, R?, R¥, and R” are as defined above with respect to Formula §,
In some exaniples of Formula Xiil, m is 0. In some examples of Formula X111, R’ is
substituted or unsubstituted aryl. In certain examples of Formula XJH, mis 0 and R% is
10 substituted or unsubstituted aryl. For example, in certain examples of Formmla X1, mis 0
and R is substituted or unsubstituted phenyl. In certain examples of Formula X1, RYis

chosen from the moieties shown below

wherein EDG represents an electron donating group and EWG represents an electron
15 withdrawing group, and p is chosen from 1, 2, 3, 4 and 5.

Io some exaraples of Formula 1, the cormpound can be defined by Formula XIV:

11
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R'd R

XV

wherein n, m, RY, RV, R®, and R” are as defined above with respect to Formula 1.

In some examples of Formula X1V, mis 0. In some examples of Formula XIV, R®
is substituted or unsubstituted aryl. In certain examples of Formula X1V, m is 0 and R is
substituted or unsubstituted aryl. For example, in certain examples of Formula X1V, o is 0
and R is substituted or unsubstituted phenyl. In certain examples of Fornula X1V, R¥is

chosen from the moicties shown below

NNEWG),

K

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5.

In some examples, the compound can be one of the following:
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Also disclosed herein are cormpounds defined by Formula XV

R’E [ R1 7 R’]?’ R 18
RIS N Y 5
R’l 4 R’M
R1 (((((((( ia ! 1"
=1 QO/ \R’]S
R19G
XV

wherein
n=%{orl;

R' and RY are cach independently chosen from H and substituted or unsubstituted
Ci-Caalkyl;

RURIZ,RERM RS, RIS, R R, RYL R, R, R, and R are cach
independently chosen from hydrogen, balogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl, or wherein, as valence and
stability permit, independently RY and R'?, R'? and RY, RY and RYM, RM and R'S, RY and
R RYand RV, R and RV R and R, R and R, RY and R, or R'® and R'7,
together with the atoms to which they are attached, fornm a 3-10 membered substituted or
unsubstituted cyclic moiety optionally jnclading between 1 and 3 heteroatoms; and

R'® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted allkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroarvl, or substituted or unsubstituted heteroaryl.

In some exaraples of Formula XV, the compound can be defined by Formula XVa:

13
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XVa
. Y 12 3 17 bl q° p $ ~ . .
wherein n, R, R RIZ RE RY RIZ R R'T, and R'® are as defined above with respect
to Formula XV,

5 In some examples of Formula XVa, the compound can be defined by Formula XVb:

XVb
wherein n, R, RY RY, RY7 | and R are as defined above with respect to Formula XV,

In some examples of Formula XVb, the compound can be defined by the formula:

10

In some examples of Formula XVa, the compound can be defined by Formula XVe:

RY RV

/SE
100" | N1
R O. i R
R19G
XV¢
wherein n, R, R RPZ RP RY RY and R'® are as defined above with respect to

15  Formula XV.

14
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Io some exaraples of Formula XV, the compound can be defined by Formula XVd:

Xvd

wherein n, R R RY R, and R arc as defined above with respect to Formula XV,

In certain examples, the compounds described above can be in a complex with a
suitable solvent, such as diethyl ether. For cxample, in sorne cases, the compounds can be
ina 2:1 complex with diethyl ether.

The stlane compounds provided herein can be used as organocatalysts. For
example, the stlane compounds described herein can be used to catalyze a nucleophilic
conjugate addition reaction in which a first organic species comprising a nitroalkene reacts
with a sccond organic species coruprising a nucleophile to provide a product. The silane
compounds described herein can also be used to catalyze an acyl-Mannich type reaction in
which a first organic specics comprising an amine reacts with a second organic specics
comprising a carbonyl containing compound to provide a product.

Accordingly, also provided are methods of using the silane compounds described
herein as catalysts. Methods of using the silane compounds described herein as catalysts
can involve contacting a first organic specics and a second organic specics with a
catalytically etfective amount of a silane corapound or a catalyst composition coroprising a
stlane compound under conditions effective to form the desired product. The product can
preferably be enantioenriched.

The stlane compounds described herein can also be used as seusors for analytes.
Examples of suitable analytes include, for exaraple, anions and chiral compounds.
Accordingly, also provided are methods for detecting, identifying, and/or quantifving an
analyte in a saraple. The methods comprise contacting the sample comprising an analyte
with a silane compound described herein: and evaluating an optical property of the silane
compound to detect, identity, or quantify the analyte.

DESCRIPTION OF FIGURES
Figure 1 displays the chiral HPLC of 9a formed using 8-TMS and 20 mol% R-3.
Figure 2 displays the chiral HPLC of 9a formed using 8-TBS and 20 mol% R-3.

Figure 3 displays the chiral HPLC of 9a formed using 8-TIPS and 20 mol% R-3.

15



(92

10

30

WO 2015/157765 PCT/US2015/025587

Figure 4 displays the chiral HPLC of 9a formed using 8-TIPS and 100 mol% R-3.

Figure 5 displays the chiral HPLC of 2,2 2-trichlorocthyl 5-bromo-1-{1-methoxy-2-
methyi-l-oxopropan-2-y soguinoline-2{(1 H)-carboxylate {(9b) forrmed using 8-TIPS and 20
mol % R-3.

Figure 6 displays the chiral HPLC of 9b formed using 8-TBS, 20 mol® R-3.

Figure 7 displays the chiral HPLC of 2,2, 2-trichloroethyl S-chloro-1-(1-methoxy-2-~
methyl-l-oxopropan-2-vjisogquinoline-2{1 H)-carboxylate (9¢) formed using 8-TIPS, 20
mol % R-3.

Figure § displays the chiral HPLC of 9¢ formed using 8-TBS and 20 mol% R-3.

Figure 9 displays the chiral HPLC of 2.2, 2-trichloroethyl 1-(1-methoxy-2-methyi-1-
oxopropan-2-yli-S-nitroisoquinoline-2(1 Hj-carboxylate (3d) formed using &-TIPS, 20 mol
% R-3,

Figure 10 displays the chiral HPLC of 9d formed using 8-TBS, 20 mol% R-3.

Figure 11 displays the chiral HPLC of racemic mixture of 9a.

Figure 12 displays the chiral HPLC of racemic mixture of 9b.

Figure 13 displays the chival HPLC of racemic mixture of 9¢.

Figure 14 displays the chiral HPLC of racemic mixture of 9d.

Figure 15 displays the chiral HPLC of an cnantiopure Bis(TMS) derivative of
Silanediol R-3.

Figure 16 displays the chiral HPLC of racemic Bis{TMS) derivative of Silancdiol R-

(a2

Figure 17 displays the chiral HPLC of S2 formed using S1, 20 mol% R-3.

Figure 18 displays the chiral HPLC of raceric 82.

Figure 19 displays the ORTEP representation of bis-trimethylsilyl protected (R)-3.

Figurc 20 displays the 'H NMR spectra of (R)-3 with varying equivalents of
tetrabutylammonium chloride (TBACH). The —-0OH chemical shifts are marked with a circle.

Figure 21 displays the ORTEP representation of an ion-pair between achiral
silanediol 1 and the HCI salt of isoquinoline. In the solid state, the O1-Ci and N~
distances are 2.12 A and 2.32 A respectively, indicative of moderately strong hydrogen
bonds (Steiner T, Angew. Chem. Int. Ed. 2082, 47, 48-76). The 02-Cl bond is longer, with
a distance of 4.47 A.

Figure 22 displays the crystal structure of HoO complex of (£3-21b.

Figure 23 displays the crystal structure of bis-TMS derivative of (£)-22.

16
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Figure 24 displays the crystal structure of a trimer derived from (R)-22b. The
anisotropic displacement parameters are drawn at the 50% probability level.

Figure 25 displays the p&is and anton binding coustants for representative
stlanediols.

Figure 26 iltustrates the 'H NMR binding titration of silanediol (R)-22b with #-
BusNCi in CDCL.

Figure 27 ilustrates the Job’s plot analysis of (R}-22b and s-BusNCl in CDCls.

Figure 28 displays the crystal structure of ion pair between di{naphthalen-1-
vhsilanediol and the HCI salt of isoquinoline.

Figure 29 displays the proposed reaction pathway for silanediol-catalyzed N-acyl
Mannich reaction of isoquinolines.

DETAILED DESCRIPTION

The materials, compounds, compositions, articles, devices, and methods described
herewn roay be understood more readily by reference to the following detailed description of
specific aspects of the disclosed subject matter and the Examples and Figures included
therein.

Before the present materials, compounds, compaositions, articles, devices, and
methods are disclosed and described, #t 15 to be understood that the aspects described below
are not limited to specific synthetic methods or specific reagents, as such may, of course,
vary. It is also to be understood that the terminology used herein is for the purpose of
describing particular aspects only and is not intended to be limiting.

Also, throughout this specification, various publications arc referenced. The
disclosures of these publications in their cutireties are hereby tucorporated by refercuce futo
this application in order to more fully describe the state of the art to which the disclosed
matter pertains, The references disclosed are also individually and specifically incorporated
by reference herein for the material contained in them that is discussed in the sentence in
which the reference is relied upon.

Definitions

In this specification and in the claims that follow, reference will be made to a
number of terms, which shall be defined to have the following meanings:

Throughout the description and claims of this specification the word “comprise” and
other forms of the word, such as “coraprising” and “comprises,” racans including but not
limited to, and is not intended to exclade, for example, other additives, components,

integers, o sieps.

17
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As used i the description and the appended claims, the singular forras “a,” “an,
and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a composition” includes mixiures of two or more such compositions,
reference 1o “an agent” inchides mixtures of two or more such agents, reference to “the
component” includes mixtures of two or more such components, and the like.

“Optional” or “optionally” means that the subsequently described eveunt or
circurnstance can or cannot occur, and that the deseription includes instances where the
event or circumstance occurs and instances where it does not.

Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. By “about” is meant within 5% of the value, ¢.g., within
4, 3, 2, or 1% of the value. When such a range is expressed, another aspect inchudes from
the ove particular value and/or to the other particular value. Similarly, when values ate
expressed as approximations, by use of the antecedent “about,” it will be understood that the
particular vahue forms another aspect. It will be further understood that the endpoints of
cach of the ranges are significant both in relation to the other endpoint, and independently
of the other endpoint.

It is understood that throughout this specification the wdentifiers “first” and “second”
arc used solely to aid in distinguishing the various componcents and steps of the disclosed
subject matter. The identifiers “first” and “second” are not intended to imply any particular
order, amount, preference, or importance to the components or steps modified by these
ferms.

As used herein, the term “substituted” is contemplated to include all permissible
substituents of orgauvic coropounds. In a broad aspect, the permissible substituents inclade
acyclic and cyclic, branched and unbranched, carbocyclic and heterocycelic, and aromatic
and nonaromatic substituents of organic compounds. Hlustrative substituents include, for
example, those described below. The permissible substituents can be one or more and the
sarne or differcut for appropriate organic compounds. For purposcs of this disclosure,
heteroatoms present in a compound or moicty, such as nitrogen, can have hydrogen
substituents and/or any permissible substituents of organic compounds described herein
which satisfy the valency of the hetercatom. This disclosure is not intended to be Himited in
any manner by the permissible substituents of organic compounds. Also, the terms
“substitution” or “substituted with” include the implicit proviso that such substitution is in
accordance with permitted valence of the substituted atom and the substituent, and that the

substitution results 1o a stable compound (e.g., a compound that does not spontancously
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undergo transformation such as by rearrangement, cyclization, elimnation, etc.

~

“ZPr ezt 7 and 7% are used herein as generic symbols to represent various
specific substituents. These symbols can be any substituent, not lirotted to those disclosed
herein, and when they are defined to be cortain substituents in one instance, they can, in
another instance, be defined as some other substituents.

The term “aliphatic” as used herein refers to a non-aromatic hydrocarbon group and
includes branched and unbranched, alkyl, alkenyl, or alkynyl groups.

The term “alkyl” as used herein is a branched or unbranched saturated hydrocarbon
group of 110 24 carbon atorns, forexaraple T to 3, 1to4, 1o 5, 1to 6, 1 to 7, 110 8, 1 t0 9,
o 10, or 1 to 15 carbon atoms, such as methyl, ethyl, n-propvl, isopropyl, n-butyl,
isobutyl, t-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl, hexadecyl,
eicosyl, tetracosyl, and the like. The alkyl group can also be substituted or vusubstituted.
The alkyl group can be substituted with one or more groups including, but not limited to,
alkyl, halogenated alkyl, alkoxy, alkenyl, alkynyl, arvl, heteroaryl, aldehyde, amino,
carboxylic acid, ester, ether, halide, hydroxy, ketone, nitro, silyl, sulfo-oxo, sulfonyl,
sulfone, sulfoxide, or thiol, as described below.

Throughout the specification “alkyl” is generally used to refer to both unsubstituted
alkyl groups and substituted alkyl groups; however, substituted alkyl groups are also
specifically referred to heretn by identifying the specific substituent(s) on the alkyl group.
For example, the torm “halogenated alkyl” specifically refers to an alkyl group that is
substituted with one or more halides (halogens; e.g., fluorine, chlorine, bromine, or wodine).
The term “alkoxyalkyl” specificaily refers to an alkyl group that is substituted with one or
roore alkoxy groups, as described below. The term “alkylamino” specifically refers to an
alkyl group that is substituted with one or more amino groups, as described below, and the
ke, When “alkyl” is used in one instance and a specific term such as “alkylalcohol” is
used in another, it is not meant to imply that the term “alkyl” does not also refer to specific
terms such as “alkylalcohol” and the like.

This practice is also used for other groups described herein. That is, while a term
such as “cycloalkyl” refers to both unsubstituted and substituted cycloalkyl moietics, the
substituted moicties can, in addition, be specifically identified herein; for example, a
particular substituted cycloalikyl can be referred to as, e.g., an “alkyleycloalkyl” Similarly,
a substituted alkoxy can be specifically referred to as, e.g., a “halogenated alkoxy,” a
particular substituted alkenyl can be, e.g., an “alkenylalcohol,” and the like. Again, the

practice of using a general term, such as “cycloalkyl,” and a specific term, such as
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“alkylcycloalkyl,” 1s not meaunt to imply that the general term does vot also include the
specific term.

The term “alkoxy” as used hereiu is an alkyl group bound through a single, terroinal
ether linkage; that is, an “alkoxy” group can be defined as —QZ' where 7' is aliyl as
detfined above.

The term “alkenyl” as used herein is a hydrocarbon group of from 2 to 24 carbon
atoms, for example, 210 5, 210 10, 2 to 15, or 2 to 20 carbon atoms, with a structural
formula containing at least one carbon-carbon double bond. Asymmetric structures such as
(2! ZHC=C(Z°Z") are intended to include both the £ and Z isomers. This can be presumed
in structural formulae herein wherein an asymmetric alkene is present, or it can be explicitly
indicated by the bond symbol C=C. The alkenyl group can be substituted with one or more
groups including, but not limited to, alkyl, halogenated alkyl, alkoxy, alkenyl, alkynyl, arvi,
heteroaryl, aldehyde, amino, carboxylic acid, ester, ether, halide, hydroxy, ketone, nitro,
silyl, sulfo-oxo, sulfonyl, sulfone, sulfoxide, or thiol, as described below.

The term “alkynyl” as used herein s a hydrocarbon group of 2 to 24 carbon atoms,
for exaraple 210 5, 2 t0 10, 2 to 1S, or 2 to 20 carbon atoms, with a structural formula
containing at least one carbon-carbon triple bond. The alkynvl group can be substituted
with onc or roore groups including, but not imited to, alkyl, halogenated alkyl, alkoxy,
alkenyl, atkynyl, aryl, heteroaryl, aldehyde, aming, carboxylic acid, ester, cther, halide,
hydroxy, ketone, nitro, silyl, suifo-oxo, sulfonyl, sulfone, sulfoxide, or thiol, as described
below.

The term “aryl” as used herein is a group that contains any carbon-based aromatic
group 1ncluding, but not limuted to, benzeoe, naphthalene, phenyl, biphenyl,
phenoxybenzene, and the like. The term “heteroaryl” is defined as a group that contains an
aromatic group that has at lcast one heteroatom incorporated within the ring of the aromatic
group. Examples of heteroatoms include, but are not limited to, nitrogen, oxygen, sulfur,
and phosphorus. The term “non-heteroaryl,” which s included n the term “aryl,” defines a
group that contains an aromatic group that does not countain a heteroatom. The aryl or
heteroaryl group can be substituted or unsubstituted. The aryl or hetercaryl group can be
substituted with one or more groups including, but not limited to, alkyl, halogenated alkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, aldehyde, amino, carboxylic acid, ester, ether,
halide, hydroxy, ketone, nitro, silyl, sulfo-oxo, sulfonyl, sulfone, sulfoxide, or thiol as
described herein. The term “biaryl” is a specific type of aryl group and is included in the

definition of aryl. Biaryl refers to two aryl groups that are bound together via a fused ring
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structure, as in naphthalene, or are attached vig one or more carbon-carbon bouds, as in
biphenyl.

The terro “cycloalkyl” as used herein is a nouv-aromatic carbon-based ring composed
of at least three carbon atoms. Hxamples of cycloalkyl groups include, but are not limited
to, cyclopropyl, cyclobutyl, cyelopentyl, cyclohexyl, ete. The terrn “heterocycloalkyl” is a
cyclealkyl group as defined above where at least one of the carbon atoms of the ring is
substituted with a heteroatom such as, but not limited to, nitrogen, oxygen, sulfur, or
phosphorus. The cycloalkyl group and heterocycloalkyl group can be substituted or
unsubstituted. The eycloalkyl group and heterocycloalkyl group can be substituted with one
or more groups including, but not limited to, alkyl, alkoxy, atkenvl, alkynyl, aryl,
heteroaryl, aldehyde, amino, carboxylic acid, ester, ether, halide, hydroxy, ketone, nitro,
stiyl, sulfo-oxo, sulfonyl, sulfone, sulfoxide, or thiol as described herein,

The term “cycloalkenyl” as used herein 18 a non-aromatic carbon-based ring
composed of at least three carbon atorns and contaiming at least one double bound, /.e.,
C={. Examples of cycloalkenyl groups include, but are not himited to, cyclopropenyl,
cyclobutenyl, cyclopentenyl, cyclopentadicuyl, cyclohexenyl, eyclohexadienyl, and the like.
The term “heterocycloalkenyl” is a type of cycloalkenyl group as defined above, and is
mcluded within the meaning of the term “cycloalkenyl,” where at least one of the carbon
atoms of the ring is substituted with a heteroatom such as, but not limited to, nitrogen,
oxygen, sulfur, or phosphorus. The cycloalkenyl group and heterocycloatkenyl group can
be substituted or unsubstituted. The cycloalkenyl group and beterocycloalkenyl group can
be substituted with one or more groups including, but not limited to, alkyl, alkoxy, alkenyl,
alkynyl, aryl, heteroaryl, aldehyde, amino, carboxylic acid, ester, ether, halide, hydroxy,
ketone, nitro, silyl, sulfo-oxo, sulfonvl, sulfone, sulfoxide, or thiol as described herein,

The terra “eyelic group” 1s used herein to refer to either aryl groups, non-aryl groups
{i.e., cycloalkyl, heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl groups), or both.
Cyelic groups have one or more ring systems that can be substituied or unsubstituted. A
cyclic group can contain one or more aryl groups, one or more noun-aryl groups, or one or
more aryl groups and one or more non-aryl groups.

The term “carbonyl as used herein is represented by the formula ~C{0Y2' where 7!
can be a hydrogen, hydroxyl, alkoxy, alkyl, halogenated alkyl, alkenyl, alkynyi, arvl,
heteroaryl, cycloalkyl, cycloalienyl, heterocycloalkyl, or heterocycloalkenyl group
described above. Throughout this specification “C{0O}" or “CO" is a short hand notation for

C=0,
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The term “aldehyde” as used herein is represented by the forroula —C{O3H.

The terms “amine” or “amino” as used herein are represented by the formula —
NZ'Z%, where Z! and 77 can each be substitution group as described herein, such as
hydrogen, an alkyl, halogenated alkoyl, alkenyl, allynyl, aryl, heteroaryl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl group described above. “Amido™ 1s
»»»»»»» C{OINZI 72,

The terra “carboxylic acid” as used herein 18 represented by the formula —C(OYOH.
A “carboxylate” or “carboxyl” group as used herein is represented by the formula
------- COY0 -

The term “ester” as used herein is represented by the formula —OC(OYZ! or
------- C(OY02Z!, where Z* can be an alkyl, halogenated alloyl, alkenyl, alleynyl, aryl, heteroaryl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl group described above.

The term “ether” as used herein is represented by the formula 2'077%, where 2! and
77 can be, independently, an alkyl, halogenated alkyl, alkenyl, alkynyl, aryl, heteroaryl,
cycloalkyl, cycloalienyl, heterocycloalkyl, or heterocycloalkenyl group described above.

The term “ketone” as used herein is represented by the formula Z'C{OYZ2, where Z!
and 77 can be, independently, an alkyl, halogenated alkyl, alkenyl, alkynyl, aryl, heteroaryl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl group described above.

The terra “halide” or “halogen” as used herein refers to the fluorine, chlorine,
bromine, and iodine.

The term “hydroxyl” as used herein is represented by the forroula —OH.

The term “nitro” as used herein is represented by the formula —NQO».

The terrn “silyl” as used herein is represented by the formula —8iZ'222°, where 21,
#?, and Z° can be, independently, hydrogen, alloyl, halogenated alkyl, alkoxy, alkenyl,
alkynyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or heterocyeloalkenyl
group described above.

The term “sulfony!” is used herein to refer to the sulfo-oxo group represented by the
formula —S(OnZ!, where Z' can be hydrogen, an alkyl, halogenated alkyl, alkenyl,
alkynyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl
group described above.

The term “sulfonylamine” or “sulfonamide” as used herein is represented by the
formula —S{OpNH—.

The term “thiol” as used herein is represented by the formula —SH.

The term “thio” as used herein is represented by the formula —S—.
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“RICRE R URY ete., where 1 is sore integer, as used herein can,
independently, possess one or more of the groups listed above. For example, ifR'is a
straight chain alkyl group, one of the hydrogen atoros of the alkyl group can optionally be
substituted with a hydroxyl group, an alkoxy group, an amine group, an alkyl group, a
halide, and the like. Depending upon the groups that are selected, a first group can be
incorporated within second group or, alternatively, the first group can be pendant {i.c.,
attached) to the sccond group. For example, with the phrase “an alloyl group comprising an
amino group,” the amine group can be incorporated within the backbone of the alkyl group.
Alternatively, the arnino group can be attached to the backbone of the alkyl group. The
nature of the group{s} that is {are} selected will determine if the first group is embedded or
attached to the second group.

The terrn “electron donating group” (also abbreviated herein as EDG) is used herein
to describe substituents {¢.g., atoms or functional groups) that can donate some of their
clectron density into a conjugated n systero to which they are attached (e.g., a benzene
group) via resonance or inductive electron withdrawal, thus making the conjugated n system
more nuclecophilic. When attached to benzene, an clectron donating group can, for example,
make the benzene more likely to participate in electrophilic substitution reactions.
Examples of clectron donating groups include, but are not limited to, primary, sccondary
and tertiary amines; hydroxy groups; amides; alkoxy groups; atkyl groups; and aryl groups.

The terrn “clectron withdrawing group” (also abbreviated herein as EWG) 1s used
herein to describe substituents {e.g., atoms or functioval groups) that can remove clectron
density from a conjugated @ system to which they are attached (e.g., benzene) via resonance
or mductive electron withdrawal, thus making the n systerns more electrophilic. When
attached to a benzene, and clectron withdrawing group can, for example, make clectrophilic
aromatic substitution reactions slower and more complex. Depending on their relative
strengths, electron withdrawing groups can also determine the positions (relative to
themselves) on the benzene ring where substitutions can take place. Examples of electron
withdrawing groups include, but are not limtited to, nitro, quaternary amines, trihalides {e.g.,
-CF3}, cyano, suifonates, carboxylic acids, esters, aldchydes, and ketones.

Uunless stated to the contrary, a formoula with chemical bonds shown only as sohid
{ines and not as wedges or dashed lines contemplates cach possible stercoisomer or mixture
of stereoisomer {e.g., each enantiomer, cach diastereomer, cach meso compound, a racemic
mixture, or scalemic mixture).

eference will now be maade m detail to specific aspects of the disclosed materials,
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compounds, compositions, arficles, and roethods, examples of which are iitustrated in the

accompanying Examples and Figures.

Compounds

Provided herein are cornpounds defined by Formula Tt

wherein

n=0orl;

m=0or i

R and R are each independently chosen frova H and substituted or unsubstituted
C1-Cq abiyl;

RZ, RY RY RS, and R (ie, R%-R% and R¥, RY, RY, RY, and R® (i, RZ-R) are
cach independently chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted
amino, silyl, thiol, substituted or unsubstituted thicalkvl, substituted or unsubstituted alkyl,
substitited or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryt, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl, or wherein, as valence and
stability permit, independently R? and R, R® and R*, R* and R, R¥ and RS, R¥ and R¥, RY
and RY, RY and R*', R” and R®, or R? and R?, together with the atoms to which they are
attached, form a 3-10 membered substituted or unsubstitaied cyclic moiety optionally
including between 1 and 3 hetercatoms; and

R7and R are each independently chosen from H, OH, and halogen; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,

substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
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unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsobstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

RY is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stlyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substitited or unsubstituted alkenvl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocyecloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl;

or wherein, as valence and stability permit, R® and R”, together with the atoms to
which they are attached, form a 7-9 membered silacycle;

with the proviso that when R® and R, together with the atoms to which they are
attached, form a 7-membered silacycle, R', RY, R R7 and RV-R” are not all H and R” and
R” are not both phenyl.

In some examples of Formula 1, when R and R”, together with the atoms to which
they are attached, form a 9-membered silacycle, RE, RY, R%-R7 and RY-R7 are not all H.

In some examples of Formula I, when R® and R”, together with the atoms to which
they are attached, form a 9-membered silacycle, R' and R’ are not both ~CHa; and RA-R7
and R?-R” are not all H.

In some exaniples of Formula 1, when R® and R’, together with the atoms to which
they are attached, form a 9-membered silacycle, RE, RY, R%-R7 and R¥-R” are not all H and
R* and R? are not both chosen from hydrogen, halogen, hydroxy, substituted or
unsubstituted amine, silyl, thiol, substituied or unsubstituted thicalkyl, substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalioyt,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted

aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstititted heteroaryl.
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fu sorne exaraples of Formula 1, when R® and R®, together with the atoms to which
they are attached, form a 9-membered silacycle, R}, RV, R*-R” and RY-R” are not all H and
R? and R? are not both substituted or unsubstituted aryl or substituted or unsubstituted
alkylaryl. In certain exaniples of Formula I, when R® and R’, together with the atoms to
which they are attached, form a 9-membered silacycle, RY, RY, R*&-R7 and R*-R” are not all
H and R? and R? are not both chosen from the moieties shown below.
CF,

{ ) L) =)
oF

In some examples of Fornmula §, n is 0. In some examples of Formula L, m s 0. In
sorne exaraples of Formula I nand m are 8. o some exaroples of Formuda Lniws 1. In
some examples of Formula L m is 1. In some examples of Formula §, at least one of o and
rais 1. In some examples of Formula I, n and m are 1. In some examples of Formula [ o is
Tandmis Q.

In some cxamples of Formula I, R' and RY are the same. In some examples of
Formula I, R! and RY are both hydrogen or —CHs. In some exaraples of Forroula 1, R! and
R' are both hydrogen. In some examples of Formula {, R* and R" are both ~CHs.

fn sorne examples of Formula 1, R? and R? are individually chosen from hydrogen,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted beterocycloalkyl, substituted or unsubstitute
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
in some examples of Formula I, R? and R? are individually chosen from hydrogen,
substituted or unsubstituted alkylarvl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted hetercaryl, In certain
examples of Formula I, R* and R* are independently substituted or unsubstitated alkylaryl.
In certain exarnples of Forrula I, R? and R? are independently substituted or unsubstituted
aryl.

In some examples of Formula I, R? and R? are independently chosen from the

moicties shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula 1,
R* and R* are independently substituted or unsubstituted phenyl.

fn sorne examples of Formula 1, R? and R? are the same. In some exarples of
Formula I, R? and R are both hydrogen.

In some examples of Fornmula I, R? and RY are individually chosen from hydrogen,
substitited or unsubstituted cycloalkyl, substituted or unsubstinited alkyleycloalioyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula I, R? and R are individually chosen from hydrogen,
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroarvl, In certain
examples of Formula I, R and R arc independently substituted or unsubstituted alkylaryl.
In certain examples of Formula I, R? and RY are independently substituted or unsubstituted
arvyl.

In sorne exarnples of Formula I, RY and RY are independently chosen fror the

moieties shown below

A&

wherein EDG represents an electron donating group and EWG represents an electron

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formmla |,
R3 and RY are independently substituted or unsubstituted phenyl.
In some exaniples of Formula 1, R and RY are the same. In some examples of

Formula I, R and R are both hydrogen.
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fo sorne examples of Formula 1, R* and RY are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula I, R* and RY are the same.
In certain examples of Formula I, R and RY are both hydrogen.

In some examples of Formula I, R® and R”’ are individuaily chosen from hydrogen,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula I, R” and R® are individually chosen from hydrogen,
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl. In certain
examples of Forroula I, R® and RY are independently substituted or unsubstituted alkylaryl,
in certain examples of Formula {, R® and R*’ are independently substituted or unsubstituted
aryl,

In some examples of Formula I, R and R® are independently chosen from the

moieties shown below

and ;

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 3. In certain examples of Formula |,
RY and RS are substituted or unsubstituted phenyl.

In some examples of Formula I, R® and R are the same. In some examples of
Formula I, R° and R” are both hydrogen.

In soroe exaraples of Formula |1, R3 and RV are the same, and R® and R are the
same. In some examples of Formula I, R, RY, R® and R” are individually chosen from
hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyicyeloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula I, RS, RY, R® and R¥ are individually chosen from hydrogen,

substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
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unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl. lo certain
exanples of Formula |, R, R, R” and R® are substituted or unsubstituted alkylaryl. in
certain examples of Formula I, R3, RY, R® and R™ are substituted or unsubstituted aryl.

In some examples of Formula I, RY, RY, R and R® are chosen from the moieties

wherein EDG represents an clectron dsnatmgj group and EWG represents an clectron

shown below

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formuia |,
RY, RY, R” and R are substituted or unsubstituted phenyl.

fo sorne examples of Formula 1, R® and RY are both hydrogen, and R® and R” are
the same. In some examples of Fornla 1, R* and R are the same and R® and R are both
hydrogen. In some examples of Fornula I, RY, RY, R® and R® are all the same. In some
examples of Fornula |, RS, RY, R, and R are all hydrogen.

In sorne exarnples of Formula 1, R® and RS are independently chosen from
hydrogen, hydroxy, and halogen. In sonie examples of Formula I, R® and R® are the same.
In certain examples of Fornuula 1, RS and R® are both hydrogen.

In some examples of Formula I, R7 and R7 are the same. In some examples of
Formula L, R7 and R7 are both hydrogen.

In some examples of Formula 1, RY, R® R¥, and RY are the same. In some exarples
of Formula I, R, R®, RY, and RS are all hydrogen. In some examples of Formula 1L, R, R,
RY, and R” are the same. In some examples of Formula [, RY, R, RY, and R are all
hydrogen. In some examples of Formula I, R®, R, RY, and R” are the same. In some
examples of Formula I, R®, R7, R®, and R” are all hydrogen.

In some exanmples of Fornmla I, RY, R®, R7, R¥, RY, and R” are the same. In some
exanples of Formula I, RY, RS, R7, RY RY, and R” are all hydrogen.

In some examples of Formula I, R® and R” are individually chosen from substituted
or unsubstitiied cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl,
substituted or unsubstituted alkylarvl, substituted or unsubstituted aryl, substituted or

unsubstituted alkyiheteroarvl, or substituted or unsubstituted hetercaryl. In some examples
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of Formula I, R® and R” are individually chosen fror substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted
or unsubstituted heteroaryl. In certain exaraples of Formula I, R® and R® are substituted or

unsubstituted alkylaryl. In certain examples of Formula I, R® and R” are substituted or

(92

unsubstituted aryl.
In some examples of Formula 1, R® and R” are independently chosen from the

moieties shown below

~

21X e
T EWGy,

wherein EDG represents an electron donating group and EWG represents an electron

=
.

10 withdrawing group, and p is chosen frorn 1, 2, 3, 4 and 5. To certain examples of Formula |,
R® and R are independently substituted or unsubstituted phenyl.
In some examples of Formula I, R® and R®, together with the atoros to which they

are attached, form a 7-9 membered silacycle, and the compound can be defined by Formula

if:
13
il
wherein
n=0or1;
m=0or i
20 R! and R} are each independently chosen from H and substituted or unsubstituted

C1-Cq alkyl;
R? R, RY R’ and RO (ie, R%-R% and RY, RY, RY, RY  and R% (ie., R*-R%) are
cach independently chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted

aming, silyl, thiol, substituted or unsubstituted thicalkyl, substituted or unsubstituted alkyl,
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substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl, or wherein, as valence and
stability permit, independently R? and R?, R? and R*, R* and R®, R® and R®, R? and RY, RY
and R¥, R and RY, or R7 and RY, together with the atoms to which they are attached, form
a 3-10 membered substituted or unsubstituted cyclic moicty optionally including between 1
and 3 heteroatoms: and

R’ and R” are each independently chosen from H, OH, and halogen;

with the proviso that when n=0 and m=0, R!, RY, R>-R7 and R¥-R7 are not all H and
R* and R* are not both phenyl.

Io some exaraples of Formula 11, the compound exhibits Co-symmetry,

In some examples of Formula 11, when n=1 and m=1, R!, R¥', R%-R" and R*-R" are
not all H.

Y are not both ~CHa;

In some examples of Formula {1, when n=1 and m=1; R and R
and RZ-R” and R*-R” are not all H.

In some examples of Formula 11, when n=1 and m=1, R!, R¥', R*-R” and R¥-R" are
not all H and R? and R? arc not both chosen from hydrogen, halogen, hydroxy, substituted
or unsubstituted armino, silyl, thiol, substituted or unsubstituied thioalkyl, sobstituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocyeloalkyl, substituted or unsubstituted
alkylheterocycloalloyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula 11, when n=1 and m=1, R!, R¥', R*-R” and R¥-R" are
not all H and R? and R” are not both substituted or unsubstituted aryl or substituted or
ansubstituted alkylaryl. In certain examples of Formula 1, when v=1 and wm=1, R}, RV, R*-
R’ and R*-R” are not all H and R? and R¥ are not both chosen from the moieties shown

below.
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=
N4

In some exaraples of Formula I, n s 0. In some cxamples of Formula H, mis 0. In
some examples of Formula I, n and w are 8. In some examples of Formula H,nis 1. In
somge examples of Formula ff, m is 1. In some examples of Formula I, at least one of n and
mis 1. In some examples of Formula 1, vand ware 1.

In some examples of Formula II, R* and RY are the same. In some examples of
Formula Ii, R! and RY are both hydrogen or -CHa. In some examples of Formula I, R and
RY are both hydrogen. In some examples of Fornmila 11, R' and RY are both ~CHa.

In some examp}@s of Formula I, R? and R? are the same. In some examples of
Formula I, R? and R? are individually chosen from substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkylcycloallkoyl, substituted or unsubstituted heterocycloalioyl,
substituted or unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted
or unsubstituted heteroaryl. In some examples of Formula I, R? and R? are individually
chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl,
substituted or unsubstituted alloytheteroaryl, or substituted or unsubstituted heteroaryl. In
certain examples of Formula 1L, R and R* are substituted or unsubstituted alkylaryl. In
certain examples of Formula 11, R? and R® are substituted or unsubstituted aryl,

In some examples of Formula If, R? and R? are chosen from the moieties shown

below
‘ Sj
=
5 |
WD
. EWG)
= , and EW,
wherein EDG represents an clectron donating group and EWG represents an clectron

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula 1,
R? and R* are substituted or unsubstituted phenyl.

In some examples of Formula 11, R? and RY are the same. In some exanples of
Formula II, R* and RY are individually chosen from substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted heterocycloalkyd,

substituted or unsubstituted alkytheterocyeloalkyl, substituted or unsubstituted alkylaryl,
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substituted or unsubstituted aryl, substituied or unsubstituted alkylheteroaryl, or substituted
or unsubstituted heteroaryl. In some examples of Formula i1, R? and RY are individually
chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl,
substituted or unsubstituted alkylhetercaryl, or substituted or unsubstituted heteroaryl. In
certain examples of Formula I, R? and R are substituted or unsubstituted alkylaryl. In
certain examples of Formula IL R? and R are substituted or unsubstituted aryl,

In some examples of Formula 11, R? and RY are chosen from the moieties shown

below

wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula H,
R* and R are substituted or unsubstituted phenyl.

In some examples of Formula If, R* and R* are the same. In some examples of
Formula IL R* and R are both chosen from hydrogen, hydroxy, and halogen. In certain
examples of Formula I, R* and R* are both hydrogen.

In some examples of Formula 11, R and R* are the same.  In some examples of
Formula I, R and R” are individually chosen from substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkylcycloallkoyl, substituted or unsubstituted heterocycloalioyl,
substituted or unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted
or unsubstituted heteroaryl. In some examples of Formula I, R® and R are individually
chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl,
substituted or unsubstituted alloytheteroaryl, or substituted or unsubstituted heteroaryl. In
certain examples of Formula 1L, R’ and R™ are substituted or unsubstituted alkylaryl. In
certain examples of Formula IL B> and R” are substituted or unsubstituted aryl,

In some examples of Formula II, R® and R are chosen from the moicties shown

below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula 1,
R and R are substituted or unsubstituted phenyl.

fu sore exaraples of Formula 1, R? and R are the same, and R’ and R are the
same. In some examples of Fornuda I, R, RY, R® and R” are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycioalkyl, substitited or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryil, substituted or unsubstituted alioylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula II, R, RY, R® and R” are individually chosen from
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkyiheteroaryl, or substituted or unsubstituted hetercaryl. In certain
examples of Fornmula I, B3 RY, R® and R¥ are substituted or unsubstituted alkylaryl. In

certain examples of Formula I, R, R, R® and R” are substituted or unsubstituted aryl.

shown below

=

In some examples of Fornmula 11, R?, RY, RS and R” are chosen from the moietics
R e
(EDGy, (EWGy,

7]
0
A l
N f,\‘ and m

wherein EDG represents an electron donating group and EWG represents an electron

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula H,
R* R¥, R® and R” are substituted or unsubstituted phenyl.

In some examples of Formula If, R® and R® are the same. In some examples of
Formula Ii, R® and R® are both chosen from hydrogen, hydroxy, and halogen. In certain
exaniples of Formula H, R® and R are both hydrogen.

In some examples of Formula I, R and R” are the same. In some examples of

Fornmula 11, R and R7 are both hydrogen.
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fu sore exaraples of Pormula 11, R* RS RY, and RY are the same. In some exarnples
of Formula {f, R, RS, RY, and R® are all hydrogen. In some exanples of Formula 11, R%, R,
RY, and R” are the same. In some examples of Formula 1L, R*, R7, RY, and R” are all
hydrogen. In some examples of Formula 11, R%, R7, RY, and R” are the same. In some
examples of Fornmula I, RS R, R®, and R are all hydrogen.

In some examples of Formula 11, R*, R®, R7, RY, R®, and R7 are the same.

In some examples of Fornula 1L, R4, RS R7, RY, R® and R” are all hydrogen, and

the compound can be defined by Formula I

I

wherein

n=0orl;

m=0orl;

R'and R' are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkoyl; and

RZ R R RY, R, and RY are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted aroino, silyl, thiol, substituted or unsubstituted
thicalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substitited or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl,
or wherein, as valence and stability perrait, R? and R, and/or R? and R?', together with the
atoms to which they are attached, forn a 3-10 membered substituted or unsubstituted cyclic
rooiety optiovally including between 1 and 3 heteroatoms;

with the proviso that when n=0 and m=0, R, R, R*, R, R¥ and R®> are not all H

and R? and R? are not both phenyl.
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In some examples of Formula T, v 15 8. In some examples of Formula T, mis 0.
in some cxamples of Formula Hi, n and m are 0. In some examples of Formula I, nis L
In some examples of Formula I, w1 1.

In some examples of Formula {1, at lcast one of nand m is 1. In some examples of
Formula HI, n and m are both [, In these examples, the compound of Formula I can be

defined by Formula Hia:

wherein

R! and R' are each independently chosen frorn H and substituted or unsubstituted
Ci-Cyalkoyl; and

RZ R R RY, R, and RY are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted aroino, silyl, thiol, substituted or unsubstituted
thicalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkyuyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl,
or wherein, as valence and stability permit, R? and R, and/or R? and R, together with the
atoms to which they are attached, form a 3-10 membered substituted or unsubstituted cyelic
rooiety optiovally including between 1 and 3 heteroatoms.

In some examples of Fornmla Hla, RY, RV, REL, R R° RY, RY, and R are not all H.

In some examples of Formula [Ha, when R? and RY are both —CHa, R?, R, R, R?,
RY, and R” are not all H.

fu sorne exaraples of Formula Hia, when R, RY, R?, R, RY, and RY are all H, R?
and R? are not both chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted

amino, silvl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
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substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl.

In some examples of Fornula 1Ha, when RY, RY, R3 R, RY, and R arc all H, R?
and R? are not both substituted or unsubstituted aryl or substituted or unsubstituted
alkylaryl. In some cxamples of Formula 1ia, when R, RV, R3, R, RY, and R arc all H, R?

and R? are not both chosen from the moieties shown below.
CE,

Qg -0 =0
YE,

in some examples of Formula 111 and Formula ila, the compound exhibits Co-
Syrmmetry.

In some examples of Formula I and Formula Ila, R and RY are the same. In some
examples of Formula [ and Formula Iia, R’ and RV are both hydrogen or ~CHj. In some
examples of Formula 1 and Formula Hia, R and R! are both hydrogen. In some examples
of Formula 1T and Formula [fia, R' and R' are both ~CH;.

In some examples of Formula [ and Formula Ia, R? and R? are the same. In
some examples of Formula 111 and Formula Hia, R? and R* are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
arvl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heterparyl.
in some examples of Formula [l and Formula 1ila, R® and R® are individually chosen from
substituted or unsubstituted alloylaryl, substituted or unsubstituted avyl, substituted or
unsubstituted alkytheteroaryl, or substituted or unsubstituted heteroaryl. In certain
exarnples of Forroula I and Formula Ha, R® and R? are substituted or unsubstituted
alkylaryl. In certain examples of Formula If and Formula {ifa, R? and R? are substituted or
unsubstituted aryl.

In some examples of Formula 111 and Formula 111a, R? and R? are chosen from the

moieties shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Forroula HI
and Formula Hla, R? and R® arc substituted or unsubstituted phenyl.

fn some examples of Formula 1 and Formula 111, R¥ and RY are the same.  In
some examples of Formula 11 and Formula {ifa, R® and RY are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalioyl,
substituted or unsubstituted heterocycioalkyl, substitited or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryil, substituted or unsubstituted alioylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula 11 and Formula Ila, R° and R* are individually chosen from
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkyiheteroaryl, or substituted or unsubstituted hetercaryl. In certain
examples of Formula HI and Formula [i1a, R® and RY are substituted or unsubstituted
alkylaryl. In certain exaniples of Formula 111 and Fornula 1Ha, R” and RY are substituted or
unsubstituted arvl.

In some examples of Formula 1 and Formula lifa, R and R” are chosen from the

moictics shown below

=
| &
= |
2 e,
; | = and (Ew%p;

wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Forroula HI
and Formula Hla, R? and R arc substituted or unsubstituted phenyl.

fo some examples of Formula 1 and Formula 111a, R and R™ are the same.  In
some examples of Formula 11 and Formula {lfa, R® and R° are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalioyl,

substituted or unsubstituted heterocycioalkyl, substitited or unsubstituted
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alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstititted heteroaryl.
In some examples of Formula 1 and Formula 1ifa, R” and R™ are individually chosen from
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroarvl, In certain
examples of Formula [ and Pormula lla, R” and R are substituted or unsubstituted
alkylaryl. In certain examples of Formula Il and Formula 1a, R® and RS are substituted or
unsubstituted aryl.

In sorne exarnples of Formula 11 and Formula [1fa, R® and R® are chosen from the

moieties shown below

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula I
and Formula Ila, R and R arc substituted or unsubstituted phenyl.

In some examples of Formula HI and Formula Iila, R® and RY are the same, and R®
and R are the same. In sorne examples of Formula 11 and Formula [fla, RY, R, R% and RY
are individually chosen from substituted or unsubstituted cycloatkyl, substituted or
unsubstituted alkyleyeloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl, In some examples of Formula T and Formula Hila, R3 RV, R’
and R” are individually chosen from substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkyiheteroaryl, or substituted or
unsubstituted heteroaryl. In certain examples of Formula 11l and Fornmla 1ila, R?, RY, R®
and R* are substituted or unsubstituted alkylaryl. In certain exampies of Formula I and
Formula IHa, RY, RY, R® and R” are substituted or unsubstituted aryl.

In some exarnples of Formula 11 and Formula 11fa, R*, R?, R® and R are chosen

from the moieties shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Forroula HI
and Formula Hla, R?, RY, R® and R> are substituted or unsubstituted phenyl.

fu sorne exaraples of Formula 1, R%, R4 RS, R7 R? RY, RY and R7 are all

hydrogen, and the compound can be defined by Formula 1V:

wherein

n=80ori;

m={ori,

R' and RY are each independently chosen from H and substituted or unsubstituted
Ci~{s alkyl; and

R, R°, RY, and R” are cach independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alicyl, substituted or unsubstituted alkenyl, substituted
or unsubstituied alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyicycloalkyl,
substituted or unsubstituted heterocyceloalkyl, substituted or unsubstituted
alkylheterocycloalloyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

in some examples of Formuda IV, nis 0. In some examples of Formula IV, mis .
In some examples of Formula IV, n and m are 0. In some examples of Formula IV, nis 1.

In some examples of Formula IV, mas 1.
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Io some exaraples of Formula 1V, at least one of nand muis 1. In some examples of
Formula IV, n and m are both 1. In these exampiles, the compound of Formula IV can be

defined by Formula IVa:

wherein

R' and R' are each independently chosen from H and substituted or unsubstituted
C1-Cqalkyl; and

RY, K%, RY, and R¥ are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amine, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alloyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituied or unsubstituted cycioalkyl, substitiited or unsubstituted alkyicycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylbeterocycloalloyl, substituted or unsubstituted alkylaryl, substituted or vusubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

fu sorne exaraples of Formula 1Va, RL RY, RY, R RY, and RY are not ali H.

In some exanmples of Formula 1Va, when R and RY are both ~CHa, R, R5 RY, and
R* are not alt H.

In some examples of Formula IV and Formula 1Va, the compound exhibits Cz-
Symmetry.

fn some examples of Formula 1V and Formula IVa, R and R are the same. In some
exanples of Formula IV and Formula 1IVa, R! and RY are both hydrogen or ~CHa. In some
examples of Forroula IV and Formula 1Va, R! and R are both hydrogen. In some examples
of Formula 1V and Formula IVa, R' and R' are both ~CHa.

fn some examples of Formula 1V and Formula 1IVa, R? and R” are the same,  In
some examples of Formula IV and Fornwla 1Va, R® and RY are individually chosen from

substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalioyl,
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substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituied alkylheteroaryl, ot substituted or unsubstituted heteroaryl.
in some examples of Formula IV and Formula IVa, R® and R are individually chosen from
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkyiheteroaryl, or substituted or unsubstituted heteroaryl. In certain
examples of Forrula IV and Fornila 1Va, R® and R? are substituted or unsubstituted
alkylaryl. In certain examples of Formula IV and Formula [Va, R” and R are substituted
or unsubstitiited aryl.

In some examples of Formula 1V and Formula [Va, R® and R are chosen from the

moieties shown below

AP

wherein EDG represents an clectron donating group and EWG represents an

|
SNEWG),

K

clectron withdrawing group, and p s chosen from 1, 2, 3, 4 and S. In some examples of

Formula IV and Formula IVa, R and RY are

~“

NNEDG),

wherein EDG represents an clectron donating group selected from hydroxy,
substituted or unsubstituted amino, substituted or unsubstituted amido, substituied or
unsubstituted alkyl, substituted or unsubstituted alkoxy, and substituted or unsubstituted
aryl, and p is chosen from 1, 2, 3, 4 and 5.

n some examples of Formula IV and Formula 1Va, R and R are
I I i lalVand b faiVa, R’ and R

A

N
NEWG),
wherein EWG represents an electron withdrawing group selected from nitro, cyano, and
irihalides (e.g., ~Cihalide):), and p s chosen from 1, 2, 3, 4 and S,
In certain examples of Formula IV and Formula IVa, R* and RY are substituted or

unsubstituted phenyl.
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In some exaraples of Formula 1V and Formula TVa, R’ and R” are the same.  In
some examples of Formula IV and Fornwla 1Va, R® and R are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalioyl,

substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted

(92

alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula IV and Forrula IVa, R® and R are individually chosen from
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroarvl, In certain
10 examples of Formula IV and Formula 1Va, R® and R” are substituted or unsubstituted
allcylaryl, In certain examples of Formula IV and Formula [Va, R” and R® are substituted
or unsubstituted aryl,

In some examples of Formula IV and Formula 1Va, R’ and R* are chosen from the

raoieties shown below

2
0
|
15 N

2
wherein EDG represents an clectron donating group and EWG represents an clectron

-

XN N Ewe
R EDC) g EWG),

2

withdrawing group, and p is chosen from 1, 2, 3, 4 and §.

In some examples of Formula IV and Formula 1IVa, R and R are

Q
S
(EDGy,
20 wherein EDG represents an clectron donating group selected from hydroxy,

substituted or unsubstituted amino, substituted or unsubstituted amido, substituted or
unsubstituted alkyl, substituted or unsubstituted alkoxy, and substituted or unsubstituted
aryl, and p is chosen from 1, 2, 3, 4 and 3.

In some examples of Formula TV and Formula TVa, R” and R° are
5
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whereim EWG represents an electron withdrawiong group selected from nitro, cyano, and
trihalides {e.g., <C(halide)s}, and p is chosen from 1,2, 3, 4 and 5.
In certain examples of Formula IV and Formula 1Va, R® and RY are substituted or

unsubstituted phenyl.

(92

In some exarnples of Formula IV and Formula 1Va, R and R* are the sarne, and R®
and R are the same. In some examples of Fornula IV and Formula IVa, R, RY, R¥ and RY
are individually chosen from substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyicycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
10 unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or

unsubstituted heteroaryl. In some examples of Formula 1V and Formula [Va, R, RV, R®
and R” are individually chosen from substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl. In certain exaraples of Formula 1V and Fornula IVa, R, R RS
15 and R are substituted or unsubstituted alkylaryl. In certain examples of Formula IV and
Formula IVa, R®, RY, RY and R” arc substituted or unsubstituted aryl.
In some examples of Formula IV and Formula 1Va, R, R, R® and R are chosen

from the moictics shown below

SNy,

and
20 wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and S.

In some examples of Formula IV and Formula 1Va, R°, R, R and R¥ are

Q
NNEDG),
wherein EDG represents an electron donating group selected from hydroxy,
25 substituted or unsubstituted amino, substituted or unsubstituted amide, substituted or
unsubstituted alkyl, substituted or unsubstituted alkoxy, and substituted or unsubstituted
aryl, and pis chosen froma 1, 2, 3, 4 and 3.

In some examples of Fornmla 1V and Formaula 1Va, R®, R, R and R are
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=

R Eves,
(EWG),

whercin EWQ represents an electron withdrawing group selected from nitro, cyano, and
trihalides (¢.g., ~-Cthalide}s), and p is chosen from 1, 2, 3, 4 and 5.

In certain examples of Formula IV and Formula [Va, R, RY, R® and R¥ are

L

substituted or unsubstituted phenyl.

in some cxamples of Formula IVa, the compound can be defined by the formula:

Y
HY oM

In some examples of Formula [Va, the corapound can be detined by the formula:

10 In some examples of Formula I, R?, R RY, R% RTRY, RY, R¥, R and R7 are all

hiydrogen, and the compound can be defined by Formula V:

wherein

15 n=80ori;
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m=forl;

R'and R' are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkoyl; and

R* and RY are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted araino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted allkoynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substitited or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula V, vis 0. In some examples of Formula Vo s 0. In
some examples of Formula V, 1 and m are 0. In some examples of Formula V. nis 1. In
some examples of Formula V, m is 1.

in some examples of Formula V, at least onc of nand m is 1. In some examples of
Formula V, n and m are both 1. In these exaraples, the compound of Formula V can be

defined by Formula Va:

wherein

R'and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl; and

R* and R are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amine, silyl, thisl, substituted or unsubstituted thigalioyl,
substituted or unsubstituted alloyl, substituted or unsubstituted atkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyicycloalkyl,

substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
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alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstititted heteroaryl.

In some examples of Formula Va, RY, RY, R, and R are vot all HL

In some examples of Formula Va, when R! and R" are both —CHa, R’ and RY are
not both H.

in some examples of Formula V and Formula Va, the compound exhibits Cz-
Syrmmetry.

In some examples of Formula V and Formula Va, R! and R' are the same. In some
examples of Formula V and Formula Va, R! and R are both hydrogen or —-CHs. In some
examples of Formula V and Fornula Va, R! and RV are both hydrogen. In some examples
of Formula V and Formula Va, R' and RY are both ~CHs.

In some examples of Fornula V and Formula Va, R? and RY are the same.  In
some examples of Formula V and Formula Va, RY and R* are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituied alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula V and Formula Va, R and R” are individually chosen from
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituied or unsubstituted heteroaryl. In certain
examples of Forrula V and Formula Va, R’ and R are substituted or unsubstituted
alkylaryl. In certain examples of Formula V and Formula Va, R® and R are substituted or
unsubstituted aryl.

In some exaniples of Formula V and Formula Va, R and R are chosen from the

moieties shown below

and { ;
wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 3.

T T 3 2
In some examples of Formula V and Formula Va, R” and R are
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=

NEDG),

wherein EDG represents an clectron donating group selected from hydroxy,
substituted or unsubstituted amino, substituted or unsubstituted amido, substituted or

unsubstituted alkyl, substituted or unsubstituted alkoxy, and substituted or unsubstituted

W

aryl, and p is chosen from 1, 2, 3, 4 and 3.
In some exaniples of Formula V and Formula Va, R and R” are
Q

N :
NEWG),

wherein EWG represents an clectron withdrawing group selected from nitro, cyano, and
trthalides {¢.g., -Clhalide)z), avd p is chosen from 1, 2, 3, 4 and 5.

10 In certain examples of Formula V and Formula Va, R® and R? are substituted or
unsubstituted phenyl.

In some examples of Formula Va, the compound can be defined by the formmla:

In some examples of Formula Va, the compound can be defined by the formmla:

Hed OCH,

15
In some examples of Formula I, R?, R7, RV R® RTRY, RY, RY, RY and R7 are all

hydrogen, and the compound can be defined by Formula VI
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wherein

n=0orl;

m=0or i

R'and R are each independently chosen from H and substituted or unsubstituted
C1-Cq alkyl; and

R’ and R are each independently chosen from hydrogen, balogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some exaraples of Formula VI, nis 0. In some exarnples of Formula VI, m is 0.
fn some exaroples of Formula VI, v and ro are 8. In some examples of Formula VE nis 1.
in some cxamples of Formula VI m 15 1.

In some examples of Formula VI, at least one of n and w18 1. To soroe exaroples of
Formmla VI n and m are both 1. In these examples, the compound of Formula VI can be

defined by Formula Via:
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wherein

R'and R' are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkoyl; and

R and R* are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted araino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted allkoynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substitited or unsubstituted cycloalkyl, substituted or unsubstituted alkyicycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula Via, R RY, R, and R are not all H.

In some examples of Formula Via, when R! and R are both ~CHa, RY and R R
are not both H.

in some examples of Formula VI and Formula Via, the compound exhibits Co-
Syrmmetry.

In some examples of Formula V1 and Formula Via, R and RY are the same. In some
examples of Formula VI and Formula VIa, R! and RY are both hydrogen or —CHz. In some
examples of Formula VI and Formula Via, R' and RY are both hydrogen. In some examples
of Formula V1 and Formula Via, R! and RY are both -CHa.

In some examples of Formula V1 and Formula Via, R® and R are the same.  In
some examples of Formula V1 and Formula Via, R” and R7 are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituied alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula VI and Formula Via, R® and R® are individually chosen from
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkytheteroaryl, or substituted or unsubstituted heteroaryl. In certain
examples of Forroula VI and Formula Via, R® and R are substituted or unsubstituted
alkylaryl. In certain examples of Formula V1 and Fornwla Via, R® and R are substituted
or unsubstituied aryl.

In some exaniples of Formula VI and Formula Via, R* and R® are chosen from the

maoieties shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and S.
In some examples of Formula V1 and Formula Via, R® and R are
Q
RN
(EDG}D

wherein EDG represents an clectron donating group selected from hydroxy, substituted or
unsubstituted amino, substituted or unsubstituted amido, substituted or unsubstituted alkyl,
substitited or unsubstituted alkoxy, and substituted or unsubstituted aryl, and p is chosen

from |, 2,3, 4and 5.

In some examples of Formula VI and Formula Via, R” and R” are

a

\(E\NG)p
wherein EWG represents an electron withdrawing group selected from nitro, cyano, and
trthalides {¢.g., -Clhalide)z), avd p is chosen from 1, 2, 3, 4 and 5.
In certain examples of Formula VI and Formula Via, R® and R® are substituted or

unsubstituted phenyl.

In some examples of Formula Via, the compound can be defined be the formula:

In some exaraples of Formula Via, the compound can be defined be the formula:
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NOCH,

In some examples of Formula 1L, RY, RY RS RS R7 RV, RY, RV, RY and R7 are all
> 9 % 9 %

hydrogen, and the compound can be defined by Formula VI

wherein

n=0orl;

m=forl;

R'and R' are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkoyl; and

R? and R* are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted araino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted allkoynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyicycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;

with the proviso that when n=0 and m=0, R and R are not both H and R? and R?Y
are not both phenyl.

In some exaraples of Formula VI, n 18 0. In some examples of Forroula VI m 18 0.
In some examples of Formula VIEL nand m are §. In some examples of Formula VIL nis 1.

In some examples of Formula VH, mis 1.
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o some exaraples of Formula VI, at least one of nand mas 1. In some examples of
Formula VIL 1 and n are both 1. In these examples, the compound of Formula VH can be

defined by Formula Viia:

wherein

R'and RY are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkyl; and

R? and R? are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thisl, substituted or unsubstituted thigalioyl,
substituted or unsubstituted alloyl, substituted or unsubstituted atkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cvcloalkyl, substituied or unsubstituted alicyleycloalioyl,
substituted or unsubstituted heterocycioalkyl, substitited or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryil, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Fornmla Vifa, R), RY, R, and R are not all H.

In some examples of Formula Vila, when R' and RY are both —CHs, R? and R? are
not both H.

In sorne exarnples of Formula VHa, when R! and RY are both H, R? and R? are not
both chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino, silyl,
thiol, substituied or unsubstituted thicalkyl, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or unsubstituted
haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alloyleyeloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkytheteroaryl, or substituted

or unsubstituted heteroaryl.
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fu sorne exaraples of Formula VIa, when R! and RY are both H, R? and R? are not
both substituted or unsubstituted aryl or substituted or unsubstituted alkylaryl. In some
examples of Forroula Vila, when R'and RY are both H, R? and R® are not both chosen
from the moietics shown below,
CF4

In some examples of Formula VI and Formula Vifa, the corapound exhibits Co-
symmetry.

In some exaniples of Formula Vii and Formula Vila, R' and R are the same. In
sorue examples of Formula VIT and Formula Via, R and RY are both hydrogen or —-CHa,
in some examples of Formula VI and Formula Vila, R and R are both hydrogen. In
some examples of Formula VI and Formula VIa, R and RY are both —~CHa.

In some examples of Formula VI and Formula Vila, R? and R* are the same. In
sorne examples of Formula VI and Formula Vila, R? and R? are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalioyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstititted heteroaryl.
In some examples of Formula VI and Forroula Via, R? and R? are individually chosen
from substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroarvl, In certain
examples of Formula VI and Formula Vila, R? and R? are substituted or unsubstituted
alkylaryl. In certain examples of Formula VII and Formula V1ia, R? and R? are substituted
or unsubstitited aryl.

In some examples of Formula V11 and Formula Vifa, R® and R? are chosen from the

raoieties shown below

wherein EDG represents an electron donating group and EWG represents an electron

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5.
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\‘\(EDG}p

wherein EDG represents an electron donating group selected from hydroxy, substituted or
unsubstituted amino, substituted or unsubstitited amido, substituted or unsubstituted alkyl,
substituted or unsubstituted alkoxy, and substituted or unsubstituted aryl, and p is chosen
from 1, 2,3, 4and 5.

In some examples of Formula VI and Formula Va, R? and R? are
b

e

|
SNEWG),

whereim EWG represents an electron withdrawiong group selected from nitro, cyano, and
trihalides {e.g., <C(halide)s}, and p is chosen from 1,2, 3, 4 and 5.

In certain examples of Formula VI and Formula VHa, R? and R? are substituted or
unsubstituted phenyl.

In sorne exarmples of Formula 1, R%, R3O R RS RS R7, RE, RV, RY, RO, RS and R7

are all bydrogen, and the compound can be defined by Formula VI

wherein

n=%{orl;

m=0ori; and

R'and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl.

In some examples of Formula VI nis 8. In some examples of Formula VI mis
0. In some exarnples of Formula VI, nand m are 0. In some examples of Formula VI, n

is 1. In some examples of Formula VL mis 1.
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Io some exaraples of Formula VI, at least onc of nand mas 1. In some examples
of Formula VHE n and m are both 1. In these examples, the compound of Formula VIH can

be defined by Formula VIHia:

‘ s
R ort

Vilia

W

wherein
R and R are each independently chosen frova H and substituted or unsubstituted
C1-Cq alkyl.
Io some exaraples of Formula VIH and Formula Vilia, the corapound exhibits Co-
10 symmetry.
In some cxamples of Formula VI and Formula VIHa, R and RY are the same. In
some examples of Formula Vil and Formula Villa, R! and R* are both hydrogen or ~CHa.
In some examples of Formula VI and Formula Villa, R and RY are both —~CH;. In some
examples of Formula VI, R’ and RY are both hydrogen.
13 In some examples of Fornmula VIiia, R and R are both hydrogen, and the

compound can be defined by the formula:

In some examples of Fornula Villa, R and RY are both methoxy, and the

compound can be defined by the formula:
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fo sorne examples of Formula VIa, R! and R are both hydrogen, and the
compound is a complex with an ether. In some examples of Fornmula Viila, R and R are
both hydrogen, and the compound is a complex with a diethy! ether. In some examples of
Formula VIlla, R' and R' are both hydrogen, and the compound is a 2:1 complex with a
dicthyl cther.

in some examples of Formula 1, the compound can be defined by Formula IX:

wherein

n=80ori;

m={ori,

R' and R' are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl;

R?, RY R R?, RY, and R” are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alicyl, substituted or unsubstituted alkenyl, substituted
or unsubstituied alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituied or unsubstituted cycioalkyl, substitiited or unsubstituted alkyicycloalkyl,
substituted or unsubstituted heterocyeloalkyl, substituted or unsubstituted
alkylheterocycloalloyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl,
or wherein, as valence and stability permit, independently R? and R* R* and RY, or R? and
R?, together with the atoms to which they are attached, form a 3-10 membered substituted
or unsubstituted cyclic moiety optionally including between 1 and 3 heteroatoros; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted

cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
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heterocycloalkoyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituied thioalkyl, substitiied or unsubstituted alloyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula IX, nis 0. In some examples of Formula I, mis 0.
i some examples of Formula IX, nis 1. In some examples of Formula IX, mis 1. In some
examples of Formula IX] atleast onc of v and vo is 1. In some examples of Forroula IX, o
and m are both 1.

In some cxamples of Formula IX, 1 and m are both 0. In these examples, the

compound of Formula 1X can be defined by Formula {Xa:

wherein

R'and R' are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkoyl; and

RZ R R RY, R, and RY are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted aroino, silyl, thiol, substituted or unsubstituted
thicalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkyuyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted

alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
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aryil, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl,
or wherein, as valence and stability permit, independently R? and R®, R* and R, or R* and
R’ together with the atoms to which they are attached, form a 3-10 roembered substituted
or unsubstitited cyclic moicty optionally including between 1 and 3 heteroatoms;

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R” is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substitited or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl.

In some cxamples of Formula X, nis 1 and m is 0. In these exaroples, the

compound of Formula IX can be defined by Formula [Xb:

wherein

R' and R' are each independently chosen from H and substituted or unsubstituted
Ci~Caalkyl

R?, R, R R?, RY, and R” are each independently chosen from hydrogen, halogen,

hydroxy, substituted or unsubstituted amine, silyl, thiol, substituted or unsubstituted
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thioalkyl, substituted or vosubstituted alkyl, substituted or vosubstituted alkenyl, substituted
or unsubstituted alkynyl, substitited or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyicycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstinuted alkylheteroaryl, or substituted or unsubstituted heteroaryl,
or wherein, as valence and stability permit, independently R? and R® R? and R, or R? and
R’ together with the atoms to which they are attached, form a 3-10 membered substituted
or unsubstituted cyclic moicty optionally including between 1 and 3 heteroatoms; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkoyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituied thioalkyl, substitiied or unsubstituted alloyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl;.

In some examples of Fornula IX, Formula 1Xa, and Formula IXb, R! and RY are the
same. In some examples of Formula £X, Formula IXa, and Formula 1Xb, R and R are both
hydrogen or —-CHa. In some examples of Formula IX, Forroula IXa, and Formula IXb, R!
and R' are both hydrogen. In some examples of Formula IX, Formula 1Xa, and Formula
IXb, R' and R' are both ~CHa.

In some examples of Fornula IX, Formula 1Xa, and Formula IXb, R? and R? are
individually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyleycloalkyl, substituted or unsubstituted beterocycloalkyl, substituted or
unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or

unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
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unsubstituted heteroaryl. o sorae exaroples of Forroula 1X, Formula IXa, and Formula IXb,
R? and R* are individually chosen from hydrogen, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkytheteroaryl, or substituted
or unsubstitited heteroaryl. In certain cxamples of Formula IX, Formula 1Xa, and Formmula
1Xb, R? and R* are substituted or unsubstituted alkylaryl. In certain examples of Formula
IX, Formula [Xa, and Formula IXb, R? and R” are substituted or unsubstituted aryl.

In some examples of Fornmula IX, Formula 1Xa, and Formula IXb, R? and R? are

chosen from the moieties shown below

Ry
EWG:
and { "G)p;

wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
IX, Formula 1Xa, and Formula IXb, R? and R? are substituted or unsubstituted phenyl.

In some examples of Formula IX, Formula 1Xa, and Formula IXb, R® and R* are the
same. In certain exarnples of Formula 1X, Formula IXa, and Formula IXb, R? and R? are
hydrogen.

In some examples of Fornmula IX, Formula 1Xa, and Formula IXb, R? and R are
individually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyleveloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl, In some examples of Formula IX, Formula IXa, and Formula IXb,
R* and R? are individually chosen from hydrogen, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituied or unsubstituted alkylheteroaryl, or substituted
or unsubstituted heteroaryl. In certain examples of Formula EX, Formula 1Xa, and Formula
IXb, R* and R® are substituted or unsubstituted alkylaryl. In certain examples of Formula
X, Formula 1Xa, and Formula IXb, R and R? are substituted or unsubstituted aryl,

In sorne exarnples of Formula IX, Formula IXa, and Formula IXb, R and R are

chosen from the moieties shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Forroula
X, Formula 1Xa, and Formula IXb, R* and R? are substituted or unsubstituted phenyl.

fn sorne examples of Formula 1X, Formula IXa, and Formula IXb, R and RY are the
same. In some examples of Fornula IX, Formula [Xa, and Formula IXb, R and R are
hydrogen.

> are

In some examples of Formula IX, Formula 1Xa, and Formula IXb, R® and R
mdividually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyleycloalkyl, substituted or unsubstituted beterocycloalkyl, substituted or
unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl. In some examples of Formula EX, Fornmula 1Xa, and Formula IXb,
R and R¥ are individually chosen from hydrogen, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted
or unsubstituted heteroaryl. In certain examples of Forraula EX, Formula 1Xa, and Formula
IXb, R% and R® are substituted or unsubstituted alkylaryl. In certain examples of Formula
1X, Formula 1Xa, and Formula IXb, R’ and R® are substituted or unsubstituted aryl,

In some examples of Formula 1X, Formula IXa, and Formula IXb, R? and R* are

chosen from the moicties shown below

2
J O
.

2 K

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen fror 1, 2, 3, 4 and 5. Io certain examples of Formula

1X, Formula IXa, and Formula IXb, R® and R® are substituted or unsubstituted phenyl.
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fn some exaraples of Formula 1X, Formula IXa, and Formula IXb, R’ and R” are the
same. In some examples of Formula IX, Formula [Xa, and Formula IXb, R’ and R® are
hydrogen.

In some examples of Formula IX, Formula 1Xa, and Formula IXb, R, RY, R® and
R are individually chosen from hydrogen, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkylcyeloalkyl, substituted or unsubstitited heterocycloalkyl,
substituted or unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkytheteroaryl, or substituted
or unsubstitiied hetercaryl, In some examples of Formula IX, Formula IXa, and Formula
IXb, R®, RY, R and R® are individually chosen from hydrogen, substituted or unsubstituted
alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted alkylhetercaryl, or
substituted or unsubstituted bheteroaryl. In certain examples of Formula X, Formula [Xa,
and Formula IXb, RY, R*", R® and R® are substituted or unsubstitated alkylaryl. In certain
examples of Formula IX, Formula 1Xa, and Formula 1Xb, R?, RY, R® and R” are substituted
or unsubstituted aryl.

In some examples of Fornula IX, Formula 1Xa, and Formula IXb, R?, RY, R% and

R are chosen from the moicties shown below

“d

N
EWG:
and (51 ;

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p s chosen from 1, 2, 3, 4 and 3. In certain examples of Formula
¥, Formula IXa, and Formala IXb, RY, RY, R® and R® are substituted or unsubstituted
phenyl.

fn sorne examples of Formula 1X, Formula IXa, and Formula IXb, R and RY are the
same, and R> and R® are the same. In some examples of Formula IX, Formula [Xa, and
Formula IXb, R and R? are hydrogen, and R® and R® are the same. In some examples of
Formula IX, Formula £Xa, and Formula IXb, R’ and RY are the same, and R® and R” are
hydrogen.

In some examples of Formula 1X, Formula IXa, and Formula IXb, R*, RY| R°, and
R are the same. Tn some examples of Formula IX, Formula ¥Xa, and Formula IXb, RYRY,

R, and RY are the hydrogen.
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fo sorne examples of Formula 1X, Formula IXa, and Formula IXb, R® and R? are
individually chosen from substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkylcycloalkyl, substituted or unsubstituted heterocycloalkyl, substituied or
unsubstituted alkylheterocycloalkyl, substitited or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylhetcroaryl, or substituted or
unsubstituted heteroaryl. In some examples of Formula 1X, Formula {Xa, and Formula [Xb,
R® and R’ are individually chosen from substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroarvyl, or substituted or
unsubstituted heteroaryl. In certain exaraples of Formula IX, Formula IXa, and Forroula
IXb, R and R” are substituted or unsubstituted alkylaryl. In certain examples of Formula
1X, Formula {Xa, and Formula IXb, R® and R are substituted or unsubstituted aryl.

In some examples of Formula IX, Pormula 1Xa, and Formula IXb, R® and R are

independently chosen from the moietics shown below

.:\\“"‘\;\(EDGE
P g

Q
ey,

wherein EDG represents an clectron donating group and EWG represents an clectron

2

withdrawing group, and p s chosen from 1, 2, 3, 4 and 3. In certain examples of Formula
X, Formula 1Xa, and Formula IXb, R? and R” are substituted or unsubstituted phenyl.

In some examaples of Formula , the compound can be defined by Formula X

RS RS‘

wherein
n=0orl;

m=0orli;
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R'and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl;

R* R, RY, and R are cach mdependently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substitited or unsubstituted haloatkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cvcloalkyl, substituied or unsubstituted alicyleycloalioyl,
substituted or unsubstituted heterocycioalkyl, substitited or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

R®is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substitited or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryt, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

RY is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stlyl, thiol, substituted or unsubstituted thicalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroarvl, or substituted or unsubstituted heteroaryl.

In some exaraples of Formula X, nis 0. In some exaroples of Formula X, mis @, In
some examples of Formula X, nis 1. In some examples of Formula X, mis 1. In some
examples of Formula X, at least one of n and mis . In some cxamples of Formula X, n
and m are both 1.

In some examples of Formula X, n and m are both 0. In these examples, the

compound of Formula X can be defined by Formoula Xa:
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wherein
R and R are each independently chosen frova H and substituted or unsubstituted

C1-Cq abiyl;

h

R3, R%, RY, and RY are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstitited alkynyi, substituted or unsubstituted haloalkyl, substituted or unsubstituted
10 alkoxy, substituted or unsubstituted cyeloalkyl, substituted or unsubstituted alkyleyeloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsobstituied alkylheteroaryl, or substituted or unsubstituted heteroaryl;

and

L

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
20 unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
25 unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted

alkylheteroaryl, or substituted or unsubstituted hetercaryl.
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Io some exaraples of Formoula X, nis 1 and o s 0. In these examples, the compound

of Formula X can be defined by Formula Xb:

wherein

R and R are each independently chosen frova H and substituted or unsubstituted
Ci-Caabloyl;

RS, R%, RY, and RY are cach independently chosen from hydrogen, halogen,
hydroxy, substifuted or unsubstituted aming, siivl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkyuyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycioalkyl, substituted or unsubstituted altkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsobstituied alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R” is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stivl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted

cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
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heterocycloalkoyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula X, Formula Xa, and Formula Xb, R' and RY are the
same. In some examples of Formula X, Formula Xa, and Formula Xb, R' and R are both
hydrogen or ~CHa. In some examples of Formula X, Formula Xa, and Formula Xb, R! and
RY are both hydrogen. In some examples of Formula X, Formula Xa, and Formula Xb, R
and R are both ~CHa.

In sorne exarples of Formula X, Formula Xa, and Formula Xb, R® and RY are
individually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkylcycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkyibeterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylhetercaryl, or substituted or
unsubstituted heteroarvl. To soroe exaraples of Formuuda X, Formula Xa, and Forroula Xb,
R and RY are individually chosen from hydrogen, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted
or unsubstitited heteroaryl. In certain examples of Formuda X, Formula Xa, and Formula
Xb, R® and R are substituted or unsubstituted alkylaryl. In certain examples of Formula X,
Formula Xa, and Formula Xb, R and R are substituted or unsubstituted aryl.

In some cxamples of Formula X, Formula Xa, and Formula Xb, R*and RY are

chosen from the moieties shown below

SNEWG),

and
wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 3. In certain examples of Formula X,
Forrula Xa, and Formula Xb, R? and RY are substituted or unsubstituted phenyl.

In some examples of Formula X, Formula Xa, and Formula Xb, R and R are the
same. In some examples of Forrmula X, Formula Xa, and Formula Xb, R and R are
hydrogen.

In some cxamples of Formula X, Formula Xa, and Formula Xb, R” and R° "are

individually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted or
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unsubstituted alkyleycloalkyl, substituted or unsubstituted beterocycloalkyl, substituted or
unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl. In some examples of Formula X, Formula Xa, and Formula Xb,
R and R¥ are individually chosen from hydrogen, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkyiheteroarvl, or substituted
or unsubstituted heteroaryl. In certain exaraples of Formula X, Formula Xa, and Formula
Xb, R® and R® are substituted or unsubstituted alkylaryl. In certain examples of Formula X,
Formula Xa, and Formula Xb, R® and R® are substituted or unsubstituted aryl.

In some examples of Formula X, Formula Xa, and Fornula Xb, R® and R are

chosen from the moieties shown below

AP

wherein EDG represents an electron donating group and EWG represents an electron

|
SNEWG),

K

withdrawing group, and p is chosen frora 1, 2, 3, 4 and 5. In certain examples of Formula X,
Formula Xa, and Formula Xb, R® and R® are substituted or unsubstituted phenyl.
In some examples of Fornula X, Formula Xa, and Fornula Xb, R® and R are the

same. In some examples of Formula X, Formula Xa, and Formula Xb, R® and R®

Care
hydrogen.

In some examples of Formula X, Formula Xa, and Fornula Xb, R®, R, R and R
are individually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted alkyleycloalloyl, substituted or unsubstituted heterocycloalkyl, substituted
or unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkyiheteroaryl, or substituted or
unsubstituted heteroaryl., In some examples of Formula X, Formula Xa, and Formmula Xb,
R, RY, R® and R¥ are individually chosen from hydrogen, substituted or unsubstituted
alkylaryl, substituted or unsubstituted aryl, substituted or unsubstitited alkylheteroaryl, or
substituted or unsubstituted heteroaryl. In certain examples of Formula X, Formula Xa, and
Formula Xb, R*, RY, R® and R” are substituted or unsubstituted alloylaryl. In certain
examples of Formula X, Formula Xa, and Formula Xb, R?, RY, R® and R arc substituted or

unsubstituted aryl.
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fu sorne exaraples of Formula X, Formula Xa, and Forroula Xb, R? R, R and R’

are chosen from the moieties shown below

X
EWG
and { e :

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. Io certain examples of Formula X,
Formula Xa, and Formula Xb, R, RY, R% and R are substituted or unsubstituted phenyl,

In some examples of Fornula X, Formula Xa, and Fornula Xb, R* and R are the
same, and R’ and RY are the same. In some examples of Formula X, Formula Xa, and
Formula Xb, R? and R are hydrogen, and R’ and R are the same. In some examples of
Formula X, Formula Xa, and Formula Xb, R? and RY are the same, and R° and R are
hydrogen.

In some examples of Fornula X, Formula Xa, and Formula Xb, R?, RY, R%, and RY
are the same. In some cxamples of Formula X, Formula Xa, and Formula Xb, RS, RY, RS,
and R® are the hydrogen.

In some examples of Formula X, Formula Xa, and Formula Xb, R® and R” are
individually chosen from substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyicycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkythetercaryl, or substituted or
unsubstituted heteroaryl. In some examples of Formula X, Formula Xa, and Formula Xb,
R® and RY are individually chosen from substituted or ynsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl. To certain exaraples of Formula X, Forroula Xa, and Formula Xb,
R® and R are substituted or unsubstituted alkvlaryl. In certain examples of Formula X,
Forrula Xa, and Formula Xb, R® and R® arc substituted or unsubstituted aryl.

In some examples of Formula X, Formula Xa, and Formula Xb, R® and R’ are

independently chosen from the moietics shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula X,
Formula Xa, and Fornmila Xb, R* and R® are substituted or unsubstituted phenyl.

Io some exaraples of Formula 1, the cormapound can be defined by Formula XTI

wherein

n=80ori;

m=0or

R' and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl;

R* and R are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thisl, substituted or unsubstituted thigalioyl,
substituted or unsubstituted alkyl, substituted or unsubstituted atkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted altkyleycloalkyl,
substituted or unsubstituted beterocycloalkyl, substituted or unsubstitute
alkylheterocycloalloyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted atkyl,
substitited or unsubstituted alkenvl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted

cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
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heterocycloalkoyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituied thioalkyl, substitiied or unsubstituted alloyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula X1, s 0. In some examples of Formula X1, mis 0.
i some examples of Formula X1, nis 1. In some examples of Formula XE, mis 1. In some
examples of Formula X1, at least onc of v and vo is 1. In some exaraples of Forroula XL o
and m are both 1.

In some cxamples of Formula X1, n and m are both 0. In these examples, the

compound of Formula X1 can be defined by Formula Xla:

wherein

R'and R are each independently chosen from H and substituted or unsubstituted
C1-Cq alkyl;

R* and R* are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted thiocalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted

alkylbeterocycloalloyl, substituted or unsubstituted alkylaryl, substituted or vusubstituted
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aryil, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

R®is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substitited or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryt, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

RY is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substituted or unsubstituted thicalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroarvl, or substituted or unsubstituted heteroaryl.

In some exaraples of Formula X1, nis 1 and m is 0. In these examples, the

compound of Formula X1 can be defined by Formula Xib:

wherein

R'and R are each independently chosen from H and substituted or unsubstituted
C1-Cq abiyl;

RY and RY are each independently chosen from hydrogen, balogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted

alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
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substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsobstituied alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R” is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substitited or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl.

In some examples of Fornula X1, Formula Xla, and Formula XIb, R! and RY are the
same. In some examples of Formula XI, Formula Xia, and Formula XIb, R and R are both
hydrogen or ~CHj. In some examples of Formula X1, Formula Xla, and Formula Xib, R’
and R* are both hydrogen. In some examples of Formula X1, Forroula Xla, and Formula
Xib, R' and R are both ~CHi.

In some examples of Fornmula X1, Formula Xla, and Formula XIb, R? and R are
individually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyleveloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted allcylheteroaryl, or substituted or
unsubstituted heterparyl. In some examples of Formula X1, Formuda Xia, and Formula XlIb,
R* and R? are individually chosen from hydrogen, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted

or unsubstituted heteroaryl. In certain examples of Formula X1, Fornmula Xia, and Formula
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Xib, R and RY are substituted or unsubstituted alkylaryl. Iu certain examples of Formula
X1, Formula Xla, and Formula Xib, R? and RY are substituted or unsubstituted aryl.
In some examples of Fornula X1, Pormula Xia, and Formula XIb, R? and RY are

chosen from the moietics shown below

“
" o
SIDEE

wherein EDG represents an electron donating group and EWG represents an electron

]

= \(EWG)p .

and

withdrawing group, and p s chosen from 1, 2, 3, 4 and 3. In certain examples of Formula
X1, Formula Xla, and Formula XIb, RY and RY are substituted or unsubstituted phenyl.

In sorne exarples of Formula X1, Formula Xia, and Formula XiIb, R and RY are the
same. In some examples of Formula X1, Formula Xla, and Formula XIb, R? and R are
hydrogen.

In some examples of Formula X1, Pormula Xla, and Formula XIb, R® and R are
individually chosen from substituted or unsubstituted cycloatkyl, substituted or
unsubstituted alkyleyeloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or
unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heterparyl. In some examples of Formula X1, Formuda Xia, and Formula XlIb,
R® and R” are individually chosen from substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkyihetercaryl, or substituted or
unsubstituted heteroaryl. In certain cxamples of Formula XJ, Formula Xla, and Formula
Xib, R® and R? are substituted or unsubstituted alkylaryl. In certain examples of Formula
X1, Formula X{a, and Formula Xib, R® and R” are substituted or unsubstitated aryl.

fo sorne examples of Formula X1, Formula Xia, and Formula Xib, R® and R? are

independently chosen from the moieties shown below
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wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
X1, Formula Xla, and Formula XIb, R® and R” are substituted or unsubstituted phenyl.

In some examples of Formula §, the compound can be defined by Formula XII:

RS RS

wherein

n=Gorl;

m=0orli;

R and R are each independently chosen frova H and substituted or unsubstituted
Ci-Caabloyl;

RS and R are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted aming, silyl, thiol, substitited or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted altkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsobstituied alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R” is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,

stiyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
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substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl.

In some examples of Formula X1, n 18 0. In some exarples of Formaula X3 m s 0.
In some examples of Formula X1, nis 1. In some examples of Formula XIL, mis 1. In
some cxamples of Formula X1, at least one of n and m 18 1. In some exarmples of Formula
X1, nand m are both 1.

In some examples of Formula X1, n and n1 are both §. In these examples, the

compound of Formula X1 can be defined by Formula Xiia:

wheretn

R'and R' are each independently chosen from H and substituted or unsubstituted
Cy-Cyalloyl;

R® and R are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted araino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted allkoynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substitited or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheterparyl, or substituted or unsubstituted heteroaryl;
and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or

unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substitited or unsubstituted

77



(92

10

i5

20

[N)
(92

WO 2015/157765 PCT/US2015/025587

cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocyecloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thicalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkoyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula X1, nis | and m 18 0. In these cxamples, the

compound of Formula X1I can be defined by Formula Xiib:

RYQ—Si
g R®
Xilb

wherein

R'and R' are each independently chosen from H and substituted or unsubstituted
Cy-Cyalloyl;

R® and R are each independently chosen from hydrogen, halogen, hydroxy,
substituied or unsubstituted arno, silyl, thiol, substituted or unsubstituted thioalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted allkoynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substitited or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;

and
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RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituied thioalkyl, substitiied or unsubstituted alloyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl.

In some examples of Fornula X1, Formula X1la, and Formula X1Ib, R! and RY are
the same. In some examples of Formula X1, Formula Xila, and Formula Xiib, R} and RY
are both hydrogen or —CHs. In some examiples of Formula X1, Forraula Xila, and Formula
Xifb, R and R are both hydrogen. In some examples of Formula X1i, Formula X{la, and
Formula XIib, R} and R" are both —CHa.

In some examples of Fornula X1, Formula XHa, and Formula XTb, R® and R® are
individually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyleycloalkyl, substituted or unsubstituted beterocycloalkyl, substituted or
unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heterparyl. In some examples of Formula X1, Formula Xila, and Formula
X1ib, R and R* are individually chosen from hydrogen, substituted or unsubstituted
alkylaryl, substituted or unsubstituted arvl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted hetercaryl. In certain examples of Formula XII, Formula Xlia,
and Formula XIb, R® and R” are substituted or unsubstituted alkylaryl. In certain examples
of Formula X1, Formula Xla, and Formula XIib, R’ and R” are substituted or
unsubstituted aryl.

In some examples of Fornmla X1, Formula X1la, and Formula Xilb, R’ and R® are

chosen from the moieties shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Forroula
X1, Fornmula Xila, and Fornula X1ib, R® and R® are substituted or unsubstituted phenyl.

fu sorne exaraples of Formula X1, Formula X1la, and Formula XiIb, R and RY are
the same. In some examples of Formula X1, Formula X1la, and Formula XIb, R® and R”
are hydrogen.

In some examples of Formula X1, Formula X1a, and Formula XiIb, R® and R® are
mdividually chosen from substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyleycloalkyl, substituted or unsubstituted bheterocycloalkyl, substituted or
unsubstituted alkytheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl. In some examples of Formula X131, Fornmula Xila, and Formula
Xilb, R® and R” are individually chosen from substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted
or unsubstituted heteroaryl. In certain examples of Forraula XH, Formula Xila, and
Formula Xiib, R and R’ are substituted or unsubstituted alkylaryl. In certain examples of
Formula XII, Formula XIia, and Formula XIIb, R® and R” are substituted or unsubstituted
aryi.

In some examples of Fornmula X1, Formula X1la, and Formula X1Ib, R® and R” are

independently chosen from the moicties shown below

wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
X1, Forrula Xiia, and Forrula XIib, R® and R” are substituted or unsubstituted phenyl.

In some examples of Formula I, the compound can be defined by Formula X1
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wherein

n=4gorl;

m={ori,

R' and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl;

R” and R? are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted atkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted altkyleycloalkyl,
substituted or unsubstituted heterocyeloalkyl, substituted or unsubstituted
alkylheterocycloalloyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted atkyl,
substitited or unsubstituted alkenvl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thicalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkoyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted

heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
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unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula XL nis 8. In some examples of Formula XIE mas
0. In some examples of Formula X1 nis 1. In some examples of Formula X, m is 1.
In some exaraples of Formula X1, at least one of nand m is 1. In somce exaraples of
Formula X, n and m are both 1.

In some examples of Formula X, n and m are 0. In these examples, the compound

of Formula X1 can be defined by Formula Xiifa:

wherein

R'and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalieyl;

R? and R? are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted araino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alloyl, substituted or unsubstituted atkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyicycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstintuted alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

R®is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alloyl,
substitited or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsobstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted

alkylheteroaryl, or substituted or unsubstituted heteroaryl; and
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R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroarvl, or substituted or unsubstituted heteroaryl.

In some exaraples of Formula XTI, nis 1 and m1s 0. In these examples, the

compound of Formula X1 can be defined by Formmla Xliilb:

XiHb

wherein

R and R are each independently chosen frova H and substituted or unsubstituted
C1-Cq abiyl;

R? and R? are each independently chosen from hydrogen, balogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted

heterocycloalkoyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
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unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R” is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substitited or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl.

In some examples of Fornmla X1, Formula X1la, and Formula XiIb, R' and R are
the same. In sorne examples of Formula X1, Formula X1a, and Formula X1ib, R! and RY
are both hydrogen or ~CHs. In some examples of Formula X1, Formula Xila, and Formula
X1ib, R! and R are both hydrogen. In some examples of Formula X1, Formula X1a, and
Formula XIIb, R’ and R" are both ~CHa.

In some examples of Fornmula X1, Formula X1la, and Formula X1Ib, R? and R? are
individually chosen from hydrogen, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyleveloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl. In some examples of Formula X1, Formula Xia, and Formula
Xilb, R? and R? are individually chosen from hydrogen, substituted or unsubstituted
alkylaryl, substituted or unsubstitated arvl, substituted or unsubstituied alkylheteroaryl, or
substituted or unsubstituted hetercaryl. In certain examples of Formula XII, Formula Xlia,
and Formula X1Ib, R? and R” are substituted or unsubstituted alkylaryl. In certain examples
of Formula X1, Formula X1Ia, and Formula Xilb, R” and R? are substituted or
unsubstituted aryl.

In some exanmples of Formula X1i, Formula Xila, and Formula X1ib, R? and R* are

chosen from the moieties shown below
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wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
X1, Formula Xiia, and Formula XIib, R? and R? are substituted or unsubstituted phenyl,

In some examples of Formula X1, Formula X1fa, and Formula X1Ib, R” and R? are
the same. In certain exarmples of Forrula X1, Formula X1la, and Formula XIfb, R® and R?
are hydrogen.

In some examples of Fornmula X1, Formula X1la, and Formula X1Ib, R® and R” are
individually chosen from substituted or unsubstitited cycloalkyl, substituted or
unsubstituted alkyleyeloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted allcylheteroaryl, or substituted or
unsubstituted heteroaryl. In some examples of Formula X1, Formula Xia, and Formula
Xilb, R® and R” are individually chosen from substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituied or unsubstituted alkylheteroaryl, or substituted
or unsubstituted heteroaryl. In certain examples of Formula X1, Formula Xlila, and
Forrula XIib, R and R® are substituted or unsubstituted alkylaryl. In certain examples of
Formula X1, Formula XIIa, and Formula XIIb, R® and R” are substituted or unsubstituted
aryl.

In some examples of Formula X1i, Formula X1ia, and Fornula X1ib, R® and R are

independently chosen from the moicties shown below

|
SNEwey,

K

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen fror 1, 2, 3, 4 and 5. In certain examples of Formula
X1, Formula Xlla, and Formula X11b, R® and R” are substituted or unsubstituted phenyl.

In some cxamples of Formula I, the compound can be defined by Formula XIV:
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wherein

n=4gorl;

m=@orl,and

R' and RY are each independently chosen from H and substituted or unsubstituted
Ci~{s alkyl; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted atkyl,
substituted or unsubstituted alkenyl, substituted or unsubstitated alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thicalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkoyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkoyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula X1V, R* and R' are the same. In some examples of
Formula XIV, B! and RY are both hydrogen or —-CHs. In some cxamples of Formula X1V,
R and RY are both hiydrogen. In some examples of Formula X1V, R* and RY are both -
CHa.

In some examples of Formula X1V, R® and R” are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted

alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted

86



(92

10

i5

e
Ln

WO 2015/157765 PCT/US2015/025587

aryil, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula X1V, R® and R’ are individually chosen from substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In certain examples of Formula
X1V, R® and R? are substituted or unsubstituted alkylaryl. In certain examples of Formula
X1V, R® and RY are substituted or unsubstituted aryl.

In some cxamples of Formula XIV, R® and R® are independently chosen from the

maoieties shown below

wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XIV, R® and R” are substituted or unsubstituted phenyl.

In some examples of Formula X1V, nis 0. In some examples of Formula X1V, m is
0. In sorac exaraples of Formaula X1V, nnis 1. In some examples of Formula XIV, mis L
in some cxamples of Formula X1V, atlcastone ofnand mis {. In some examples of
Formula XIV, n and m arc both 1.

In some examples of Formula X1V, n and m are both §. In these examples, the

compound of Formula XIV can be defined by Formuls XIVa:

RIQ-8 R®

R Re
XiVa

wherein

R'and R are cach independently chosen from H and substituted or unsubstituted
Ci~{s alkyl; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted atkyl,
substitited or unsubstituted alkenvl, substituted or unsubstituted alkynyl, substituted or

unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
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cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocyecloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substituted or unsubstituted thicalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkoyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula X1Va, R! and RY are the same. In some examples of
Formula XIVa, R and RY are both hydrogen or -CHs. In some examples of Formula XiVa,
R and RY are both hydrogen. In some examples of Formula XiVa, R! and RY are both -
CHa.

In some examples of Formula X1Va, R? and R? are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituied alkylheteroaryl, or substituted or unsubstituted heteroaryl.
in some examples of Formula XIVa, R® and R” are individually chosen from substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In certain examples of Formula
X1Va, R® and R® are substituted or unsubstituted alkylaryl. In certain exarnples of Formula
XiVa, R¥ and R” are substituted or unsubstituted aryl.

In some examples of Formula X1Va, R® and R” are independently chosen from the

moieties shown below
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wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5.

In certain examples of Formula XiVa, R® is substituted or unsubstituted phenyl. In
certain examples of Formula XIVa, RY is substituted or unsubstituted phenyl.

In sorne exarples of Formula X1Va, R' and RY are both hydrogen. In these

examples, the compound of Formula X1Va can be defined by Formula X1Vh:

HO—5i R
o RS

XiVb

wherein

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkoyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substituted or unsubstituied thioalkyl, substituted or ansubstituted abloyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula X1Vh, R® and R” are individually chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted

aryl, substituted or unsubstituied alkylheteroaryl, ot substituted or unsubstituted heteroaryl.
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unsubstituted alkylaryl, substituted or vosabstituted aryl, substituted or unsobstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In certain examples of Formula
XIVb, R® and R” are substituted or unsubstituted alkylaryl. In certain examples of Formula
XIVh, R® and R® are substituted or unsubstituted aryl.

In sorne examples of Formula XIVb, R® and R” are independently chosen from the

moieties shown below

A&

wherein EDG represents an electron donating group and EWG represents an electron

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5.

fo certain examples of Formula XIVb, R® is substituted or unsubstituted phenyl. In
certain examples of Formula XIVb, R’ is substituted or unsubstituted phenyl.

In some examples of Formula X1Va, R” is phenyl. In these exaraples, the corapound

of Formmla X1Va can be defined by Formula XiVc:

wherein

R' and R' are each independently chosen from H and substituted or unsubstituted
Ci~Cqalkyl; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkoyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted

alkylheteroarvl, or substituted or unsubstituted heteroaryl.
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fn sorne examples of Formula XIVe, R and RY are the sarne. fn some exaraples of
Formula XIVe, R' and RY are both hydrogen or -CHs. In some examples of Formula XiVe,
R! and RY are both hydrogen. In sorue exaraples of Formula XIVe, R and R are both -

{CHa.

(92

In some examples of Formula XIVe, R® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryt, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In some examples of Formula
10 XiVe, R* is chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In certain examples of Formula X1Ve, R® is substituted or unsubstituted alkylaryl, In
certain examples of Formula XIVe, R® is substituted or unsubstituted aryl.

fn sorne examples of Formula XIVe, R® is independently chosen from the moieties

A&

wherein EDG represents an electron donating group and EWG represents an electron

15 shown below

\
and { v

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XiVe, R* is substituted or unsubstituted phenyl,
20 In some examples of Formula XIVa, R! and RY arc both hydrogen and R” is phenyl.

In these examples, the compound of Formula XIVa can be defived by Formula XIVd:

wherein
25 R®is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alloyl,

substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
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unsubstituted haloalkyl, substituted or unsobstituted alkoxy, substituted or unsubstituted

veloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsobstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula XiVd, R® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl. In some examples of Formula
Xivd, R® is chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituied alkylheteroaryl, or substituted or unsubstituted heteroaryl.
in certain examples of Formula X1Vd, R® is substituted or unsubstituted alkylaryl. In
certain examples of Formula XIVd, R® is substituted or unsubstituted aryl.

In some examples of Formula XI1Vd, R is chosen from the moieties shown below

A&

wherein EDG represents an electron donating group and EWG represents an electron

\
and { v

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XiVd, RY is substituted or unsubstituted phenyl.
In certain examples of Formula XiVd, R® is phenyl, and the cornpound can be

defined by the forroula below.

In some examples of Fornmula XIV, nis 1 and m is 0. In these cxamples, the

compound of Formula XIV can be defined by Formula XiVe:
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R'O—8i
rid R?
XiVe

wherein

R and R are each independently chosen frova H and substituted or unsubstituted
Ci-Caalkyl; and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R” is chosen frorn hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thivalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substitited or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some exaniples of Formula XiVe, R' and R' are the same. In some examples of
Formula XIVe, R! and R' are both hydrogen or -CHa. In sorse examples of Formula XIVe,
R’ and RY are both hydrogen. In some examples of Formula X{Ve, R' and R are both -
CHa.

In some examples of Formula XIVe, R® and R” are independently chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycioalkyl, substitited or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkcylheteroaryl, or substituted or unsubstitited heteroaryl.

In some examples of Fornmula XIVe, R® and R’ are independently chosen from substituted
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or unsubstituted altkvlaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In certain examples of Formula
XiVe, R® and R’ are independently substituted or unsubstituted alkylaryl. In certain
examples of Formula XiVe, R® and R are independently substituted or unsubstituted aryl.
In some examples of Formula XIVe, R® and R” are independently is chosen from the

moieties shown below

A&

wherein EDG represents an electron donating group and EWG represents an electron

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
X1Ve, R® is substituted or unsubstituted phenyl. In certain examples of Formula XIVe, R is
substituted or unsubstituted phenyl.

In some examples of Formula X1Ve, R and RY are both hydrogen. In these

examples, the compound of Formula XIVe can be defined by Formula XIVE

wheretn

*tand R' are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkoyl; and

R®is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alloyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substitited or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted

alkylheteroaryl, or substituted or unsubstituted heteroaryl; and
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R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
stiyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstitated alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroarvl, or substituted or unsubstituted heteroaryl.

In sorne examples of Formula XIVE, R® and R? are independently chosen from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkvicycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylbeterocycloalloyl, substituted or unsubstituted alkylaryl, substituted or vusubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Forrula XIVY, R® and R are independently chosen from substituted
or unsubstituted alkvlaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkvlheteroaryl, or substituted or unsubstituted heteroaryl. In certain cxamples of Formula
XIVE, R® and R” are independently substituted or unsubstituted alkylaryl. In certain
examples of Fornula XIVE, R® and R” are independently substituted or unsubstituted aryl.

In some examples of Formula XIVE, R and R’ are independently chosen from the

moieties shown below

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen fror 1, 2, 3, 4 and 5. Io certain examples of Formula
XIVE, R? is substituted or unsubstituted phenyl. In certain examples of Formula XIVE, RY is
substituted or unsubstituted phenyl.

In certain examples of Formula X1Ve, R® is phenyl. In these examples, the

compound of Formula XIVe can be defined by Formula X3Vyg:
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wherein

R and R are each independently chosen frova H and substituted or unsubstituted
Ci-Caalkyl; and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some cxamples of Formula XIVg, R' and R are the same. In some exarnples of
Formula XIVg, R and RY are both hydrogen or ~CHz. In some examples of Formula
XiVg, R and RY are both hydrogen. In some examples of Formula XIVg, R! and R are
both ~CHa.

In some cxamples of Formula XIVg, R® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In some examples of Formula
XIVg, RY is chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In certain examples of Formula XIVg, R® is substituted or unsubstituted alkylaryl. In
certain examples of Formula XIVg, R® is substituted or unsubstituted aryl.

In some cxamples of Formula XIVg, R® is chosen from the moicties shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Forroula
XIVg, R® is substituted or unsubstituted phenyl.

fo certain examples of Formula XIVe, R' and RY are both hydrogen and R is
phenyl. In these examples, the compound of Formula XIVe can be defined by Formula

XiVh:

HO— 81
Hd RE T
XIVh

wherein

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl, substituted or
unsubstituted haloalikyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula X1Vh, R® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted

alkylheteroaryl, or substituted or unsubstituted heteroaryl. In some examples of Formula

XIVh, R® is chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted

aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
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In certain exarnples of Forroula XIVh, R® is substituted or unsubstituted allytaryl, In
certain examples of Formula XIVh, R® is substituted or unsubstituted aryl.

In some examples of Formula X1Vh, R® is chosen from the moieties shown below

4

N

(EDGy, NEWG),
¥, and w.

5 wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 3.

In some cxamples of Formula XIVh, R%is

wherein EDG represents an electron donating group selected from hydroxy, substituted or
140 unsubstituted amino, substituted or unsubstituted amido, substituted or unsubstituted alkyl,
substituted or unsubstituted alkoxy, and substituted or unsubstituted aryl, and p 1s chosen
from 1, 2,3, 4and 5.
In some examples of Formula XIVh, R® is
-

DA e,
(EWG),

1S whercin EWGQ represents an electron withdrawing group selected from nitro, cyano, and
trihalides {¢.g., ~-Cthalogen)s), and p is chosen from 1, 2, 3, 4 and 5.
In certain examples of Formula XIVh, R® is substituted or unsubstituted phenyl.

In some examples of Formula XiVh, the compound can be selected from one of the

formulas below:
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Also disclosed herein are compounds defined by Formula XV:

R‘?o

R1¢ Rt R17

RIY & Nt 14
e -12' s 13
RWO/j \R’IS
5 RO
XV
wherein
n=0orl;

PCT/US2015/025587

RY and R'Y are each independently chosen from H and substituted or unsubstituted

10 Ci-Caalkyl;

RUORZ RE RM RV RIS RV RPRM RM RV RY and R are each

independently chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,

silyl, thiol, substituted or unsubstituied thioalkyl, substituted or unsubstituted alkyl,

substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or

1S unsubstituted haloalloyl, substituted or unsubstituted alkoxy, substitaied or unsubstituted

cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
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unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl, or wherein, as valence and
stability permait, independently RM and R*, R'2 and R, RY and RM, R™ and R, R and
R R and RV, R and RV R¥W and R, RV and R, R and R, or R'¢ and R,
together with the atoms to which they are attached, form a 3-10 membered substituted or
unsubstituted cyclic moiety optionally including between 1 and 3 heteroatoms; and

R!® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substitited or unsubstituted alkenvl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

Io some exaraples of Formoula XV, niis 0. In some examples of Formula XV, n s L

In some examples of Formula XV, RY and R’ are the same. In some examples of
Formula XV, R'% and R are both hydrogen or -CHs. In some exampies of Forrula XV,
R and RY are both hydrogen. In some examples of Formula XV, R and R are both -
CHa.

In some examples of Formula XV, R' is selected from hydrogen, hydroxy, and
halogen. In some cxamples of Fornila XV, R'! is hydrogen.

In some examples of Formula XV, R!2 and R'? are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula XV, R'? is hydrogen. In
some examples of Formula XV, R'? is hydrogen. In some examples of Formula XV, R
and R'* are the same. In some examples of Formula XV, R'* and R'? are both hydrogen.

In some cxamples of Formula XV, R and R' are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula XV, R'? is hydrogen. In
some examples of Formula XV, R' is hydrogen. In some examples of Formula XV, R'
and R™ are the same. In some examples of Formula XV, R’ and RY are both hydrogen.

In some examples of Fornmla XV, R', R'*, R' and RY are independently chosen
from hydrogen, hydroxy, and halogen. In some examples of Formula XV, R'2, R¥? R and
R are the same. In some examples of Formula XV, R, ®R'Y, R and RY are all
hydrogen.

In some exaniples of Formula XV, R and R’ together with the atoms to which

they are attached, form a 3-10 membered substituted or unsubstituted cyclic moiety
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optionally including between 1 and 3 heteroatoms. In some examples of Formula XV, RY2
and R together with the atoms to which they are attached, form a 5-7 membered
substituted or unsubstituted cyclic moiety optionally including between 1 and 3
heteroatoms. In some examples of Formula XV, R’ and RY together with the atoms to
which they are attached, form a 5-7 membered substituted or unsubstituted cyelic moiety. In
some examples of Formula XV, R'? and RY together with the atoms to which they are
attached, form a 6 membered substituied or unsubstituted cyclic motety. In some cxamples
of Formula XV, R'? and R*? together with the ators to which they are attached, form a
substituted or unsubstituted phenyl moiety.

In some examples of Formula XV, RY and RY together with the atoms to which
they are attached, form a 3-10 mombered substituted or unsubstituted cyclic moiety
optionally including between 1 and 3 heteroatorns. In some examples of Formula XV, R1?
and R topether with the atoms to which they are attached, form a 5-7 membered
substituted or unsubstituted cyclic moiety optionally including between 1 and 3
heteroatovas. In some examples of Formula XV, R and RY together with the atoms to
which they are attached, forra a 5-7 membered substituted or unsubstituted cyclic moicty. In
some examples of Formula XV, R' and RY together with the atoms to which they are
attached, form a 6 membered substituted or unsubstituted cyclic moiety. In some exarapics
of Formula XV, R'? and R' together with the atoms to which they are attached, form a
substituted or unsubstituted phenyl moicety.

In some examples of Formula XV, RM and R are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula XV, R' is hydrogen. In
some examples of Formula XV, R™ is hydrogen. In some examples of Formula XV, R
and R'* are the same. In some examples of Formula XV, R'* and R'* are both hydrogen.

In some cxamples of Formula XV, R' and R' are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula XV, R'? is hydrogen. In
some examples of Formula XV, R' is hydrogen. In some examples of Formula XV, R
and R are the same. In some examples of Formula XV, R'® and R are both hydrogen.

In some exaniples of Formula XV, R'® and R'® are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula XV, R!® is hydrogen. In
some examples of Formula XV, R'® is hydrogen. In some examples of Formula XV, R'
and R'® are the same. In some examples of Formula XV, R'® and R'® are both hydrogen.

In some examples of Fornmla XV, R' R R'? and R' are independently chosen

from hydrogen, hydroxy, and halogen. In some examples of Formula XV, R¥, R RY,
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and R are the same. o some exaroples of Formula XV, RY R™ R and R™ are all
hydrogen.

In some examples of Fornmula XV, RM R R and R are independently chosen
from hydrogen, hydroxy, and halogen. In some examples of Formula XV, R RY, RS,
and RS are the same. In some exarnples of Formula XV, R¥ R R and R are all
hydrogen.

In some examples of Formula XV, R, RY¥ R'® and R'® are independently chosen
from hydrogen, hydroxy, and halogen. In some examples of Formula XV, R RY RIS,
and RS are the same. In some exarnples of Formula XV, R, R R and R are all
hydrogen.

In some examples of Fornmula XV, R R R RY RY and RY are
independently chosen from hydrogen, hydroxy, and halogen. In sorue exaraples of Formula
Ky, ¥R ORP R R and R'Y are the same. In some examples of Formula XV, RY,
R RY RY RY and RY are all hydrogen.

In some examples of Formula XV, RY and R'7 are individually chosen from
hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyicyeloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Formula XV, R'7 and R'7 are individually chosen from hydrogen,
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkyiheteroaryl, or substituted or unsubstituted hetercaryl. In certain
examples of Formula XV, R and R'7 are independently substituted or unsubstituted
allcylaryl. In certain examples of Formula XV, R' and R'7 are independently substituted or
unsubstituted arvl.

In some examples of Formula XV, R and R'7 are independently chosen from the

moictics shown below

EWG),
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wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XV, R and R are independently substituted or unsubstituted phenyl,

In some examples of Formula XV, R'® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalioyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alloylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl. In some examples of Formula
XV, R is chosen frorn substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In certain examples of Fornmila XV, R'® is substituted or unsubstituted alkcylaryl. In certain
examples of Forroula XV, RY is substituted or unsubstituted aryl.

In some examples of Formula XV, R'® is chosen from the moieties shown below

@ g
AT e,

wherein EDG represents an clectron donating group and EWG represents an clectron

.:\\“"‘\;\(EDGE
P g

2

withdrawing group, and p s chosen from 1, 2, 3, 4 and 3. In certain examples of Formula
XV, RS is substituted or unsubstituted phenyl.

In some exaraples of Formula XV, the compound can be defined by Formula XVa:

R‘i?: R17

1% 13
R s
RNO Q\P'3
RO
XVa
wherein
n=4gorl;

R'% and RY are each independently chosen from H and substituted or unsubstituted

C1-Cq alkyl;
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R1Z RY RY RY, RY, and R!7 are cach independently chosen frors hydrogen,
halogen, hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or
unsubstituted thioalkoyl, substituted or unsubstituted alkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkyicycioalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkytheterocyeloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or substituted or
unsubstituted heteroaryl, or wherein, as valence and stability permit, independently R!? and
RY, or R' and R, together with the atoms to which they are attached, form a 3-10
membered substituted or unsubstituted cyclic moiety optionally inchuding between 1 and 3
heteroatoms; and

R'? is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substitited or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl.

In some cxamples of Formula XVa, n 18 0. In some examples of Formula XVa, nis

In some examples of Formula XVa, R'Y and RY are the same. In some examples of
Formula XVa, R and R are both hydrogen or —CHa. In some examples of Formula XVa,
R' and R'" are both hydrogen. In some examples of Formula XVa, R'” and R'% are both -
CHa.

In some examples of Formula XVa, R' and R are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula XVa, R'? is hydrogen. In
some examples of Formula XVa, R' is hydrogen. In some examples of Formula XVa, RY
and R'? are the same. In some examples of Formula XVa, R'? and R' are both hydrogen.

In some examples of Formula XVa, RY and R are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula XVa, R" is hydrogen. In
some examples of Formula XVa, RY is hydrogen. In some examples of Formula XVa, RY

and R'Y are the same. In some examples of Formula XVa, R’ and RY are both hydrogen.
Y yarog
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fo sorne examples of Formula XVa, R'2, R¥? RY and R'? are independently chosen
from hydrogen, hydroxy, and halogen. In some examples of Fornmula XVa, RY”, R'¥ R"
and R are the same. In some examples of Formula XVa, REZ R RV and RY are all
hydrogen.

In some examples of Formula XVa, R'? and RY together with the atoms to which
they are attached, form a 3-10 membered substituted or unsubstituted cyclic moiety
optionally including between 1 and 3 heteroatorns. In some examples of Formula XVa, R
and R together with the atoms to which they are attached, form a 5-7 membered
substituted or unsubstituted cyclic motety optionally including between 1 and 3
heteroatovas. In some examples of Formula XVa, R' and R together with the atoms to
which they are attached, form a 5-7 membered substituted or unsubstituted cyclic moiety. In
some examples of Formula XVa, R'? and RY together with the atoms to which they are
attached, form a 6 membered substituted or unsubstituted cyclic moicty. In some exampies
of Formula XVa, R and RY together with the atoms to which they are attached, form a
substituted or unsubstituted phenyl motety.

In some examples of Formula XVa, R' and RY together with the atorns to which
they are attached, form a 3-10 membered substituted or unsubstituted cyclic moiety
optionally including between 1 and 2 heteroatoms. In some examples of Formula XVa, R
and R' together with the atoms to which they are attached, form a 5-7 membered
substituted or unsubstituted cyclic moicty optionally including between 1 and 3
hetercatoms. In some examples of Formula XVa, R and RY together with the atoms to
which they are attached, form a 5-7 membered substituted or unsubstituted cyclic moiety. In
some examples of Formula XVa, R and RY together with the atorns to which they are
attached, form a 6 membered substituted or unsubstituted cyclic moiety. In some exampies
of Formula XVa, R'? and R' together with the atoms to which they are attached, form a
substituted or unsubstituted phenyl motety.

In some examples of Formula XVa, R' and RY are individually chosen from
hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalkoyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylbeterocycloalioyl, substituted or unsubstituted alkylaryl, substituted or vosubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In some examples of Forroula XVa, R and R are individually chosen from hydrogen,
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or

unsubstituted alkyibeteroaryl, or substituted or ansubstituted heteroaryl, In certain
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examples of Formula XVa, R and R'7 are independently substituted or unsubstituted
allcylaryl. In certain examples of Formula XVa, RY and R'7 are independently substituted
or unsubstituted aryl.

In some examples of Formula XVa, R'7 and R' are independently chosen from the

(92

moictics shown below

wherein EDG represents an clectron dsnatmg group and EWG represents an clectron

(EWG),

withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XVa, R and R' are independently substituted or unsubstituted phenyl.

10 fo sorne examples of Formula XVa, R'® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsobstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In some examples of Formula

15 XVa, RY is chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In certain examples of Formula XVa, R'® is substituted or unsubstituted alkylaryl. In
certain examples of Formula XVa, R is substituted or unsubstituted aryl.

In some examples of Formula XVa, R' is chosen from the moieties shown below

wherein EDBG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XVa, R™ is substituted or unsubstituted phenyl,

In some examples of Formula XVa, the compound can be defined by Formula XVb:
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wherein

n=Gorl;

RY and R' are each independently chosen from H and substituted or unsubstituted
Ci-Caalieyl;

R and R'7 are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted araino, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyicycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

R is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substitited or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Fornmula XVb, nis §. In some examples of Formula XVb, n is

In some examples of Formula XVb, R'? and R'Y are the same. In some exanples of
Formula XVb, R and R'% are both hydrogen or —-CHa. In some examples of Formula
XVb, R and R'" are both hydrogen. In some examples of Pormula XVb, RY and R'" are
both —CHa.

In some examples of Formula XVb, RY and R'7 are individually chosen from

hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
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alkyleyeloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituied alkylheteroaryl, or substituted or unsubstituted heteroaryl.
in some examples of Formula XVb, RY and R'” are individually chosen from hydrogen,
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkyiheteroaryl, or substituted or unsubstituted heteroaryl. In certain
examples of Forrnula XVb, RY and R are independently substituted or unsubstituted
alkylaryl. In certain examples of Formula XVb, R and R'7 are independently substituted
or unsubstituited aryl.

In some examples of Formula XVb, RY and R'7 are independently chosen from the

moieties shown below

|
SNEWG),

K

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XVb, R and R' are independently substituted or unsubstituted phenyl.

In some cxamples of Formula XVb, R'® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In some examples of Formula
XVb, R'® is chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In certain exarnples of Forroula XVb, R is substituted or unsubstituted allytaryl, In
certain examples of Formula XVb, R'® is substituted or unsubstituted aryl.

In some examples of Fornmula XVb, R'® is chosen from the moictics shown below
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wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XWVh, R is substituted or unsubstituted phenyl.

In some examples of Formula XVb, the compound can be defined by the formula:

In some examples of Formula XVa, the compound can be defined by Formula XVe:

R'E? R17

13
R1OG | R
R0
XV
wherein
n=0orl;

R¥ and R' are each independently chosen from H and substituted or unsubstituted
C1-Cq abiyl;

R2, RY¥ RY and R'7 arc each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstitited alkynyi, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkylcycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituied or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituied alkylheteroaryl, ot substituted or unsubstituied heteroaryl,
or wherein, as valence and stability permit, R** and R", together with the atoms to which
they are attached, form a 3-10 merabered substituted or unsubstituted cychic moiety

optionally including between 1 and 3 heteroatoms; and
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R is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

In some examples of Formula XVe, nis (. In some examples of Formula XV, o is

In some examples of Formula XVe, R'Y and R'Y are the same. In some examples of
Formula XVe, RY and R'? are both hydrogen or ~CHs. In some examples of Formula X Ve,
R and RY are both hydrogen. Tn some examples of Formula XVe, RY and R are both —
CHs.

fu sorne exaraples of Formula XVe, R12 is chosen from hydrogen, hydroxy, and
halogen. In some examples of Formula XV, R'? is hydrogen.

In some examples of Formula XVe, RY is chosen from hydrogen, hydroxy, and
halogen. In some examples of Formula XVe, RY is hydrogen.

In some examples of Formula XVe, R'? and RY are independently chosen from
hydrogen, hydroxy, and halogen. In some examples of Formula XVe, R'? and RY are the
same. In some examples of Formula XV, R and R*3 are both hydrogen.

In some examples of Formula XVe, R and R together with the atoms to which
they are attached, form a 3-10 membered substituted or unsubstituted cyclic moicty
optionally including between 1 and 3 heteroatoms. In some examples of Formula XV, R
and R together with the atoms to which they are attached, form a 5-7 membered
substituted or unsubstituted cyclic moicty optionally including between 1 and 3
heteroatoms. In some examples of Formula XVe, R' and RY together with the atoms to
which they are attached, form a 5-7 membered substituied or unsubstituted cyclic moiety. In
some examples of Formula XVe, R' and RY together with the atoms to which they are
attached, form a 6 membered substituted or unsubstituted cyclic moiety. In some exampies
of Formula XV¢, R and R together with the atoms to which they are attached, form a
substituted or unsubstituted phenyl moiety.

fo sorne examples of Formula XVe, RY and R are individually chosen from
hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

alkyicycloatkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted
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alkylheterocycloalkyl, substituted or vusubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstititted heteroaryl.
In some examples of Formula XVe, RY and R are individually chosen from hydrogen,
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroarvl, In certain
examples of Formula XVe, RY and R'7 are independently substituted or unsubstituted
alkylaryl. In certain examples of Formula XVe, R and R'7 are independently substituted
or unsubstitited aryl.

In sorne exarnples of Formula XVe, R and RY are independently chosen from the

moieties shown below

St

EWGy,

wherein EDG represents an electron donating group and EWG represents an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XVe, R and R' are independently substituted or unsubstituted phenyl.

In some examples of Formula X Ve, R'® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted hetercaryl. In some examples of Formula
XVe, R is chosen from substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituied alkylheteroaryl, or substituted or unsubstituted heteroaryl.
in certain examples of Formula X Ve, R'® is substituted or unsubstituted alkylaryl. In
certain examples of Formula X Ve, R is substituted or unsubstituted aryl.

In some exaniples of Formula XVe, R is chosen from the moieties shown below
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wherein EDG represents an electron donating group and EWG represends an electron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Formula
XV, R is substituted or unsubstituted phenyl.

In some examples of Formula XV, the compound can be defined by Formula XVd:

R’i?' R’i?

wherein

n=0orl;

RY and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl;

R'7 and R'7 are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thisl, substituted or unsubstituted thigalioyl,
substituted or unsubstituted alloyl, substituted or unsubstituted atkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted haloalkyl, substituted or unsubstituted
alkoxy, substituted or unsubstituted cvcloalkyl, substituied or unsubstituted alicyleycloalioyl,
substituted or unsubstituted heterocycioalkyl, substitited or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;
and

R is chosen frova hydrogen, halogen, hydroxy, substituted or unsubstituted afkyl,
substituted or unsubstituted alkenvl, substituted or unsubstituted alkynyil, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or unsubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl.

in some examples of Formula XVd, nis 8. In some examples of Formula XVd, o is

In some examples of Formula XVd, R'% and RYY are the same. In some exaraples of

Formula XVd, R'" and R'% are both hydrogen or ~CHz. In some examples of Formula
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Xvd, RY and R are both hydrogen. In some examples of Formula XVd, RY and R'" are
both ~CHa.

In some examples of Formula XVd, R'7 and RY are individually chosen from
hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleyeloalkyl, substituted or unsubstituted heterocyeloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl,
in some examples of Formula XVd, RY and R'7 are individually chosen from hydrogen,
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkyiheteroaryl, or substituted or unsubstituted heteroaryl. In certain
examples of Formula XVd, R' and R'” are independently substituted or unsubstituted
alkylaryl. In certain examples of Formula XVd, R' and RY are independently substituted
or unsubstituted aryl,

fn sorne examples of Formula XVd, R and R'7 are independently chosen from the

moieties shown below

4

wherein EDG represents an electron donating group and EWG represents an electron

a

20X
(EDG)p and (E\:’\!G)p;

withdrawing group, and p is chosen fror 1, 2, 3, 4 and 5. In certain examples of Formula
Xvd, R and R'7 are independently substituted or unsubstituted phenyl.

In some cxamples of Formula XVd, R'® is chosen from substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitate
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted or
unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or vosubstituted
alkylheteroaryl, or substituted or unsubstituted heteroaryl. In some examples of Formula
XVd, R is chosen from substituted or unsubstituted alkoylaryl, substituted or unsubstituted
aryl, substituted or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.
In certain exaraples of Formula XVd, R'® is substituted or unsubstituted alkylaryl. In
certain examples of Formula XVd, R'® is substituted or unsubstituted aryl.

In some examples of Fornula XVd, R'® is chosen from the moictics shown below
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wherein EDG represents an clectron donating group and EWG represents an clectron
withdrawing group, and p is chosen from 1, 2, 3, 4 and 5. In certain examples of Forroula

XVd, R is substituted or unsubstituted phenyl.

Methods of Making

The stlane compounds described herein can be prepared using synthetic
methodologies that involve chemical reactions known to one skilled in the art of organic
synthesis or variations thercon as appreciated by those skilled in the art. The silane
compounds can be prepared from readily available starting materials. Optirourn reaction
conditions can vary with the particular reactants or solvents used, but such conditions can
be determuned by one skilled in the art.

Variations on the compounds discussed herein include the addition, subtraction, or
moverment of the various constituents as described for cach compound. Similarly, when one
or more chiral centers are present in a molecule, the chirality of the molecule can be
changed. Additionally, compound synthesis can involve the protection and deprotection of
various chemical groups. The use of protection and deprotection, and the selection of
appropriate protecting groups can be determined by one skilled in the art. The chemustry of
protecting groups can be found, for example, in Wuts and Greene, Protective Groups in
Organic Synthesis, 4th BEd., Wilcy & Sons, 2006, which 1s incorporated herein by reference
in s entirety.

The starting materials and reagents used in preparing the disclosed compounds and
compositions are ¢ither available from commercial supplicrs such as Aldrich Chemucal Co,,
(Milwaukee, W1}, Acros Organics {Morris Plains, NI}, Fisher Scientific (Pittsburgh, PA),
Sigma (5t Louis, MO), Plizer (New York, NY), GlaxoSmithKline (Raleigh, NC), Merck
{Whitchouse Station, NJ}, Johnson & Johnson {New Brunswick, NI}, Aventis (Bridgewater,
NI), AstraZencca { Wilmington, DE), Novartis (Bascl, Switzerland), Wyeth (Madison, NI},
Bristol-Myers-Squibb (New York, NY), Roche {Basel, Switzerland), Lilly (Indianapolis,
IN}, Abbott {Abbott Park, IL), Schering Plough (Kenilworth, NI}, or Bochringer lngelheim

{Ingelheim, Germany}, or are prepared by methods known to those skilled in the art using
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procedures set forth o references such as Fieser and Fieser’s Reagents for Organic
Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); Rodd’s Chemistry of Carbon
Compounds, Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989); Organic
Reactions, Volumes 1-40 (John Wiley and Sons, 1991); March’s Advanced Organic
Chernstry, (John Wiley and Sons, 4th Edition); and Larock’s Comprehensive Organic
Transformations { VOH Publishers Inc., 1989},

Reactions to produce the compounds described herein can be carried out in solvents,
which can be selected by one of skill in the art of organic synthesis. Solvents can be
substantially nonreactive with the starting materials (reactants), the intermediates, or
products under the conditions at which the reactions are carried out {¢.g., temperature and
pressure). Reactions can be carried out in one solvent or a mixture of more than one
solvent.

Product or intermediate formation can be monitored according to any suitable
method known in the art. For example, product formation can be mouitored by
spectroscopic means, such as nuclear magnetic resonance spectroscopy {e.g., 'H NMR
and/or 1°C NMR), infrared spectroscopy (.g., FT-IR spectroscopy), spectrophotometry
{e.g., UV-visible spectrometry}, mass spectrometry, and/or by chromatography such as high
performance hquid chromatography (HPLC) or thin layer chromatography.

By way of example, silane compounds can be prepared from 1,1-Bi-2-naphthol

(BINOL) or derivatives thereof, as generally illustrated 1 Scheme 1.

Scheme 1. BINOL-Based Synthesis of Silane Compounds,

Exaraple silane compounds wherein n=m=0 can be propared using the methodology
described in Scheme 2. Starting from BINOL, halogenation using methods known 1o the art
{see, for cxample, Takaya H et al., Org. Syn. 1989, 67, 20-32) can afford compound 1.1
{dibromobinaphthalene). Compound 1.1 can then be converted to compound 1.2 by
treatment with lithium tetramethylpiperidide (LiITMP) and trimethylsiiyl chloride (TMSCH,

followed by reaction with IC1 to form an aryl iodide intermediate, followed by palladium-
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catalyzed cross-coupling of the arvl iodide intermediate with phenyl boronic acid. Finally,
stlacyclization of 1.2 can be accomiplished, for example, by lithium halogen exchange (e.g.,
effected with n-Buli) followed by treatraent with silicon tetrachloride to generate a
dichlorosilane intermediate in sifu. The dichlorostlance intermediate can then be hydrolyzed

{c.g., by subjection to cther and water) to afford corapound 1.3

Scheme 2. Synthetic Route to Example Silane Compeounds Including S-Membered
Silacycles.

O

i R
! OH

= fT

Q\\\\‘/

BINOL

L N
e
11

Compounds containing 7-membered silacyclic silancdiols can also be prepared from
BINOL using methods known in the art.  An example strategy for preparing silane
compounds wherein n=m=1 is iliustrated in Scheme 3. BINOL {e.g., (R)}-BINOL} can be
triflated {e.g., by treatment with TH0). Subsequently, a nickel-catalyzed Kamada cross-
coupling with McMgBr can afford provide (R)-2,2 -dimethyl-1,1 -binaphthlene.
Deprotonation of both benzylic methyl groups with n-Bul VTMEDA, followed by
quenching with Si{(OMe), can afford silanc compound 3.1. Subsequent hydrolysis with

dilute HCI can afford silane cormpound 3.2,

Scheme 3. Synthetic Route to Example Silane Compounds Including 7-Membered
Silacycles.

s g\SE"QH

*OH

{a} THO, NEG, CH.Ch, ~78°C; {b) NiCl{dppp), MeMgBr, EbG; (o) n-Buli, TMEDA, Et,0, then 5:1{0Mc)a,
0 °C; (d)y T M HCH (agq.), MexCQ, 0°C.

Silane compounds containing a variety of substituents at various positions on the

binaphthyl back bone can be prepared using ruodified versions of the methodologics
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outhined above. For exaraple, silane compounds including substituents at both the 4, 47 and
6, 6" positions can be prepared using the methods outlined in Scheme 4. Drawing from
established protocols (see, for example, Ho QS et al, J. Org. Chem. 1999, 64, 7528-7536),
{R)-BINOL can be bis-O-hexylated, followed by four-fold bromination and dealkylation
with BBrs to afford comapound 4.1, Suzuki-Miyaura cross-coupling with PhB{OH),,
subsequent triflation of the free alcohols, and Nickel-catalyzed Kumada cross-coupling with
MeMgBr can provides compound 4.2, Silacychization can then be performed as described
above to prepare the silane compounds. Briefly, deprotonation of both benzylic methyl
groups with z-BuLi/TMEDA | followed by quenching with Si{OMe}4, can aftord silane

compound 4.1, Subsequent hydrolysis with dilute HCI can afford silane compound 4.2.

Scheme 4. Synthetic Route to Example Silane Compounds Including Substituenis at
the 4, 4’ and 6, 6" Positions.

Ph

Ohe
5
‘Oe

{a) n-CeH3Br, KaCOs, MeCN, A; (b} Bry, AcOH; (¢) BBrs, CHCL, 78 °Cto it (d)
PHB(OH ), PA(PPha), Ko2COs, THE/HLO, A; (¢) THO, NEt, CHCh, —78 °C to 1.t ()
NiCh{dppp), MeMgBr, EnQ, A; {g) #-Buli, TMEDA, EtO, then S{OMey, 0 °C to rt.; (h)
I M HCl (aq.}, Mex(CO, §°C.

By way of cxample, 6,6'-diphenyl substituted silane compounds can be prepared
using a procedure stmilar to the procedure outlined for preparation of the 4, 4°, 6, 67
tetrasubstituted compounds. An exarple methodology 1s outlined in Scherae 5. The

rocthodology can involve a regio-controlled dibromination of a bis-ethylated (R}»-BINOL
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intermediate at the 6 and 6' positions, followed by a Suzuki-Miyaura cross-couphng

proceeding dealkylation to affix substituents at the 6 and 6" positions.

Scheme 5. Synthetic Route to Example Silane Compounds Including Substituents at
the 6 and 6° Positions.

{a) C2H:sBr, KbCO3, MeCUN, A; (b) Bry, CHChy, 0 °C to rt; (¢) PhB(OH);, Pd(PPhs)as,
KoCO:, THE/HO, A; (d) BBrs, CH:Cl, —78 °C to vt () THO, NEt, CH2CL, 78 °C o
.t () NiClz(dppp), MeMgBr, ERO, A; (g) n~-Bula, TMEDA, Et0, then Si{OMe), 8 °C to
r.t; (hy 1 M HCl {aq.), MexCO, 0 °C.

By way of exaraple, 4,4-diphenyl substituted silane compounds can be prepared
using the synthetic methodology outlined in Scheme 6. Using known methods {see, for
example, Ckuma K et al., Chem. Commun. 2812, 48, 11145-11147), 2-
{rimaethylsilyDphenyltrifiate can be reacted with benzoylacetone wn the presence of CsF to
afford 4-phenyl-Z-naphthol (compound 6.1}. Oxidative coupling with CuTMEDA, followed
by resolution with S-{(+)-camphorsulfonyl chloride, can provide, after removal of the chiral
auxiliary, enantiopure 6.2, As described above, triflation and Nickel-catalyzed Kumada
cross~coupling with MeMgBr can afford 6.3; silacycle formation and hydrolysis can afford

stlane compound 6.4
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scheme 6. Synthetic Route to Example Silape Compounds Including Substifuents at
the 4 and 4" Positions,

Ph
THMS 0O 0O a
. b o d
O e - OO,
Forf PR M# F 0 H
51

Ph

OH

&

i
‘OH

§2 &3 &4

{a) CsF, MeCUN; (b CuTMEDA, CHoCly, 1t (¢} S-(+)-camphorsulfonyl chloride, CH:Clz,
r.t.; {d) MeOH, KOH, 60°C, 20 h; {¢) ThO, NEt:, CHoCh, ~78°C to i (fy NiCly{dppp),
MeMgBr, EtO; {g) #n-Buli, TMEDA, Et;O, 6°C to rt.; (hy I M HCl (aq.), MexCQO, §°C.

Methods of Use

The silane cormpounds described herein can be used as enantioselective
organocatalysts. Accordingly, also provided are catalyst compositions comprising a silane
compound described herein.

For example, the silane compounds described herein can be used to catalyze a
nuclcophilic conjugate addition reaction, in which a first organic specics comprising a
nitroalkene reacts with a second organic species comprising a nucleophile to provide a
product. The silane compounds described herein can also be used to catalyze an
acyl-Mannich type reaction in which a first organic species comprisiog an amine reacts with
a second organic species comprising a carbonyl containing compound to provide a product.
The silane compounds described herein can also be used to catalyze an epoxide ring
opening reaction, in which a first organic species comprising an epoxide reacts with a
second organic spectes comprising a nucelophile to provide a product. In sore examples,
the silane compounds described herein can be used to catalyze the sequestration of carbon
dioxide, 1 which a first organic species comprising carbon dioxide reacts with a second
organic species comprising a reservoir to provide a product. In some embodiments, the
stlane compounds deseribed herein can be used to catalyze an enantiosclective reaction. In
these cases, the first organic species reacts with the second orgaunic species to form a chiral

product. The product can preferably be cnantioentriched.
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Methods of using the silane compounds described heretn as catalysis can involve
contacting the first organic specics and the seoond organic species with a catalytically
effective amount of a silane compound or a catalyst composition comprising a stlane
compound under conditions effective to form the product.

The silanc corpounds described herein can also be used as sensors for analyies.
Examples of suitable analytes inclade, for example, anions and chiral compounds.
Accordingly, also provided arc methods for detecting, identifying, and/or quantifying an
analyte in a sample. The methods comprise contacting the sample comprising an analyte
with a stlane compound described herein; and evaluating an optical property of the silane
compound to detect, identify, or quantify the analyte.

By way of cxample, the silane compounds can exhibit a spectroscopically
observable change (e.g., a colorimetric and/or fluorometric respounse) in the presence of the
analyte of interest. In some embodiments, the silane compound can be a luminophore. The
spectroscopically observable change can be a change 1o the absorbance of the silane
compound {i.e., color), a change in the fluorescence of the silane compound, a change in the
phosphorescence of the silane compound, or a combination thercof,

In these cases, methods for detecting, identifying, and/or quantifying an analyte in a
sample can comprise {(a) contacting the sample comprising an analyte with a silanc
compound described herein; and (b} evalnating the optical properties of the silane
compound to clucidate the presence of an analyte, to identity an analyte, to determine the
concentration of an analyte, or corabiunations thereof. In certain embodiments, the methods
can comprise evaluating the optical properties of the silane compound to determuine the
councentration of an analyie.

In some cases, one or more spectroscopically observable changes in a silane
compound are qualitatively obscrved to detect the presence of an analyte in a sample. For
example, the absorbance of the silane compound (7.e., color) or the fluorescence of the
stlane cornpound (under 1rradiation by, for example a UV blacklight) can be observed by
the naked eye to qualitatively assess the presence of an analyte in a sample. In other
embodiments, one or more spectroscopically observable changes in a silane compound are
measured as part of an assay to quantify the amount of analyte in a sample.

In certain embodiments, the silanc compounds can be used in a fluorescence-based
assay for the detection and/or quantification of av analyte. Fluorescence assays mnvolve the
observation and/or measurement of changes in the fluorescence of a silane compound upon

contact with an avalyte. The change may take ove or more of several forms, including a

120



(92

10

30

WO 2015/157765 PCT/US2015/025587

change in emission spectra, a change n the intensity of the fluorescence (7.e., fluorescence
quantum yicld), and a change in the fluorescence hifetime. These changes may be cither in
the positive or negative direction and may be of a range of magnitudes, which preferably
will be detectable as described below.

The cmission spectra of a fluorophore sensor can be measured using a
spectrofluorometer. The spectrofluorometer uses a high intensity light source with a
particular wavelength {or interval of wavelengths) to excite the fluorophore. The
spectrofluorometer then measures the intensity of light emitted by the fluorophore at a range
wavelength or the shape of the emission spectra that are caused by an analyte of interest in a
sample may be used to determine the presence or concentration of the analyte of interest in
the sample.

In embodiments where an analyte is detected or guantified by measuring the change
in the maxirmum emission wavelength of the silane compound, the silane compound can be
designed to exhibit a large change in maximum emission wavelength upon exposure to the
analyte of interest. In some ermbodiments, the maxiroum ernission wavelength of the silane
compound shifts by more than 50 nm, more preferably by more than 75 nm, most preferably
by more than 100 nm upon exposure to the analyte of interest.

Changes tn the maximum crission wavelength can also be observed with the naked
eve, for example with the use of a handheld blacklight, to qualitatively determine the
presence of the analyte of interest 1u a saruple,

The fluorescence quantum yield of a silane compound can be measured using

~

rocthods known in the art. See, for example, Lakowicz, 1. R, “Principles of Fluorescence

9y ~nd
L

Spectroscopy”, 2™ Ed., Plenum Press, New York, 1999, Generally, the fluorescence
quantum yicld of the silanc compound is obtained by comparison of the integrated arca of
the corrected emission spectrum of the sensor with that of a reference solution.

A change in the tluorescence quantum vicld of the silane compound upon exposure
to an analyte of interest may be used as the basis for detecting the presence of the analyte of
interest in a sample, and may optionally be used to determine the concentration of the
analyte of interest in a sample.

In some embediments, the silane compound will preferably be selected so as to
exhibit a large change in fluorescence quanturn yvield upon exposure o the analyte of
interest. In some embodiments, exposure of the silane compound to the analyte of interest

results i at least a 10% reduction in the fluorescence quanturs yield of the silane compound
v
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{c.g., at least a 25% reduction in the fluorescence quantum yield of the silane corapound, at
least a 50% reduction in the fluorescence quantum yield of the silane compound, at least a
75% reduction in the fluorescence guantum yield of the silane compound, or at least a 90%
reduction in the fluorescence quantum yield of the silane compound).

In other embodiments, exposure of the silane compound to the analyte of interest
can result in at least a 25% increase in the fluorescence quantum yield of the silane
compound {e.g., at least a 50% increase in the tluorescence quanturm vicld of the silane
compound, at least a 75% increase in the fhiorescence quantum yield of the silane
compound, at least a 100% increase in the fluorescence quantum yield of the silane
compound, at least a 500% increase in the fluorescence quantum vield of the silane
compound, or at least a 1000% increase in the fluorescence quantum yield of the silane
compound).

The fluorescence lifetime of a silance compound can also be measured using methods
knowu in the art. Changes in the fluorescence hifetivae of a silane compound upon exposure
to an analyte can also be used to determine the presence or concentration of an analyte in

the sample.

EXAMPLES

The following examples are set forth below to illustrate the methods and results
according to the disclosed subject matter. These examples are not intended to be inclusive
of all aspects of the subject matter disclosed herein, but rather to llustrate representative
methods and results. These examples are not intended to exclude equivalents and variations
of the present invention which are apparent to one skilled 1o the art.

Efforts have been made to ensure accuracy with respect to mumbers {e.g., amounts,
teraperature, etc. ) but sorne ervors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight based on the total weight of the composition in which
the component 1s present, termperature 18 in “C or 18 at ambient teraperature, and pressure is
at or near atmospheric. There are numerous variations and combinations of reaction
conditions {¢.g., component concentrations, temperatures, pressures and other reaction
ranges and conditions}) that can be used to optimize the product purity and yield obtained

from the described process.
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Example 1, Chiral SHlanediols in Aniop-Bindine Catalvsis

Background

Hydrogen bond donor (HBD) catalysis is evolving as a powertul divection 1o organic
catalysis. Two avenues through which HBD organocatalysts are proposed to operate
iclude the more traditional hydrogen-bonding activation of appropriate functional groups
found on electrophiles, and the more recently introduced iou-pairing catalysis. Herein,
halide-binding is discussed as a promising new direction for enantioselective silanediol
catalysis.

Materiais and Methods

General Methods: Diethyl ether, tetrahydrofuran, methylene chloride, and toluene
were purified by passage through a bed of activated alumina (Pangborm AB et al,,
Crganometallics 1996, 15, 15181528}, CHCL was purchased from Aldrich and used as
received. Methanol was freshly distilled from CaHo. Purification of reaction products was
carried out by flash chromatography using Sigma-Aldrich 60 A silica gel (40- 63 prm).
Analytical thin layer chromatography was performed on EMD Chemicals (.25 pum silica gel
60-F254 plates. Visualization was accomplished with UV hight and ceric anumonium
molybdate stain followed by heating. Melting points (mp} were obtained on a Fisher
Scientific Mel-Terup apparatus and are uncorrected. Infrared spectra (IR) were obtained on
a Perkin Elmer Spectrum 100R spectrophotometer. Infrared spectra for liquid products were
obtained as a thin film on a NaCl disk, and spectra for solid products were collected by
preparing a KBr pellet containing the title compound. Proton nuclear magnetic resonances
{'H NMR} were recorded in deuterated solvents on a Bruker Avance DPX 400 (400 MHz)
spectrorneter. Chemical shifts arve reported in parts per mitlion (ppro, 6) using the solvent as
internal standard (CHClLs, § 7.26 and DMSQO, 8 2.50). 'H NMR splitting patterns are
designated as singlet (3}, doublet (d), triplet (1), or quartet (g}, Sphitting patterns that could
not be interpreted or casily visualized are designated as multiplet (m} or broad (br).
Coupling constants are reported in Hertz (Hz). Proton-decoupled carbon (°C NMR) spectra
were recorded on a Bruker Avance DPX 400 (100 MHz) spectrometer and are reported in
ppm using the solvent as an internal standard (CHCls, 8 77.0; DMSQO, 8 39.5). Electrospray
mass spectra {ESI-MS) were obtained using a Bruker MicrQTOF Mass Spectroructer.
Unless otherwise noted, all other commercially available reagents and solvents were used
without further purification. HPLC analyses were obtained on a Perkio Elmer Series 200

HPLC with multiple wavelength detector.
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Prepavation of 10 A 250 mL round bottorn flask was equipped with a stir bar, flame
dried, and placed under N2 atmosphere. A 100 mL pear shape flask was flame dried and
placed under Ny atmosphere. The round bottom flask was charged with freshly distilled 1-
bromonaphthalene (3.4 mL, 24.4 mmol} and 100 mL of dry E0O. The solution was stirred
and cooled to -78°C. The pear shape flask was charged with 20 mL of dry Et20 and SiCly
(1.4 mL, 12.2 mmol). A solation of »-Buli in hexanes (1.5 M, 17.9 mL, 26.8 mmol) was
added to the 1-bromonaphthalene/EtO solution dropwise with stirring at -78°C to afford an
off white suspension. The cold bath was removed and the mixture was allowed to warm to
23°C over an hour. The mixture was recooled to -78°C and the SiClyEHO solution was
added dropwise with stirring to afford a clear, light vellow sohution. The yellow solution
was stirred gvernight allowing it to come to 23°C. The mixture was concentrated to afford a
yellow oil with a white ppt. About 50 mil of B0 and 8 mL of H,0O were added to the oil
and this mixture was stirred at 23°C for 2 h. Saturated NaHCOs (ag) was added to neutralize
the mixture to pH 7. This solution was extracted with Et20/brine, concentrated, and dried
over Na:S(Oy to afford a light yellow oil which was crystallized from Et(Q/hexanes to afford
a white powder which was washed twice with hexanes (2.89 g, 67%). 'H NMR (400 MHz,
CDC) 6834 (d,./ = 8.0 Hz, 2H)y; 8O0 (dd, /=80 Hz, 1.2 Hz, 2H); 7.94 {d, /= 8.4 Hz,
2H), 7.86 (dd, J=8.4 Hz, 1.2 Hz, 2H); 7.48-7.40 (m, 6H). All spectral data maiched that

previously reported (Schafer AG etal., Grg. Lets. 2811, /3, 522852313,

Scheme 7. Preparation of Binaphthyl-Derived SHlanedisl
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Preparation of Binaphthyl-Derived SHanediol {Scheme 7}
(B)-Trifluoro-methanesulfonic acid 2°-triffucromethanesulfonyioxy {1,17f
binapthalenyi-2-yi ester: A 500 mL round bottom flask was equipped with a stir bar, flame

dried, placed under No atmosphere, charged with R-{(+3-BINOL (10.00 g, 35.0 mwuol) and
CHoCh (145 mb), and was cooled to ~78°C. EN {(12.2 mL, 87.5 mmol, 2.5 equiv) freshly
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distilled frorn CaHy was then added dropwise. This mixture was stirred at —78°C for S min,
and THO (14.6 mL, 86.8 mmol, 2.5 cquiv) was added dropwise at -78°C. This solution was
stirred overnight while warming to 23°C. The resulting black solution was then cooled to
0°C, and 10 mL 1| M HCHaqg) was added. The organic layer was separated, and the agueous
layer was extracted 3 tirnes with CHoCly. The organic layers were combined, washed with
saturated NaHCOs (aqg), dried with NaxSQy4, and concentrated to afford a thick black oil.
The otl was passed through a short silica gel plag using 90/10 hexanes/EtOAC as the cluent.
The resulting off white solid was recrystallized from 15 mL of hexanes to afford a flaky,
white product {18.68 g, 33.9 mmel, 97%). 'H NMR (400 MHz, CDCE) 8 8.15¢(d, /=92
Hz, 2Hy, 801 (4, /=8 Hz, 2H); 7.62 (d, /= 9.2 Hz, 2H); 7.59 (ddd, /=84 Hz, 72 Hz, 1.2
Hz, 2HY;, 7.41 (ddd, /=84 Hz, 7.2 Hz, 1.2 Hz, 2H};, 7.25 (d, /= €.4 Hz, 2H}. All spectral
data matched that previously reported (Bulman Page PC et al., Org. Lett. 2064, 6, 1543
15463.

{(R)-2.2°-Dimethyl-1, D -binaphtfopl (11}: A 250 mL 2-necked round bottom flask
was equipped with a stir bar, flame dried, placed under N» atmosphere, and charged with
(R)-Tritluoromethancsulfonic acid 2" -trifluoromethancsulfonyloxy { 1,1 Ihinapthalenyl-2-yl
ester {(12.83 g, 23.3 mmol). Dry E6O (160 mL) was added, followed by Ni(dpppCl (631
rag, 1.16 mmel, 0.05 cquiv.). The mixture was cooled to 0°C and MeMgBr (36 mL, 3.0 M,
108 mumol, 4.6 equiv) was added dropwise with stirring. The mixture became clear and
yellow during the addition, and after complete addition of the MeMgBr, was refluxed
overnight. The solution becaroe black, and after complete couversion by TLC, was carefully
poured into ice-cooled | M HClaq). The reaction was filtered through a pad of celite, the
{ayers separated, and the aqueous layer extracted 3 times with Et20. The organic layers
were combined, dried with NaxSOy, and concentrated to afford an off-white oil. The oil was
passed through a short silica gel plug using hexancs as the elucunt to afford a white powder
upon concentration (6.49 g, 22.9 mmol, 98%). 'H NMR (400 MHz, CDCL)Y§7.90 (d, /=
8.4 Hz, 2H); 7.88 {(d, J=8 Hz, 2H); 751 (d, J=8.4 Hz, 2H); 7.39(ddd, /= 8.4 Hz, 7.2 Hz,
1.2 Hz, 2H), 7.21 (ddd, J = 8.4 Hz, 6.9 Hz, 1.3 Hz, 2H); 7.05 (d, /= 8.0 Hz, 2H}); 2.04 (s,
6H). Al spectral data matched that previously reported (Bulman Page PC et al, Org. Lew.
2084, 6, 1543-1546).

4. 4-dimethoxy-4,5-dilivdro-3H-dinaphtho{2 I-c: 1", 2 -efsilepine (43: Adapting a
procedure by Oestreich (Mewald M et al,, Chem. Eur. J. 2811, 17, 9406-9414), a 100 mL
round bottom flask was equipped with a large stir bar, flame dried, and placed under Nz

atroosphere. The flask was charged with a solotion of n-Bul.iio hexanes (8.9 ml, 1.2 M,
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189.7 mmol, 3.0 equiv) and cooled to 0°C. 11 (990 mg, 3.51 vowol) was added 1o dry EQO (B
mL} dropwise. This selution was stirred at ¢°C for 5 min, then NN,N' N’-
tetramethylethylenediamine (TMEDA, 1.6 miL, 10.7 ramol, 3.0 equiv) previously distilied
from CaH> was added dropwise at 0°C. The resulting yellow solution was allowed to come
to 23°C, and was stirred for 24 b afier complete addition of TMEDA. The now very dark red
#-Buli/TMEDA/binaphthalene mixture was cooled to 0°C, and distilled Si{OMe)s (2.0 mL,
13.6 ramol, 3.9 cquiv) in E6O (8 mL) was added dropwise. The mixture was allowed to
come to 23°C and stirred overnight to afford an opaque yellow mixture. This mixtare was
filtered through celite using Et2O (80 mL) and CHCh (20 mL) to atfford a clear, ncon green
solution. The solution was concentrated, diluted in 5 mi CH2Cl, and quickly run through a
short silica gel plug packed with hexanes using 1500 mL of 80/20 hexanes/EtOAc as the
eluent. The eluent was conceutrated to afford a yellow oil which was placed under an Ar
atmosphere. The crude mixture stood undisturbed under Ar for 24 h, during which time
clear, colorless crystals forroed. After 24 h, the crystals were carefully triturated with 3 x 3
m portions of hexanes to afford 396 mg of the desired silacycle (1.07 mmol, 31%). After
trituration, a small amount of silacycle with an ethoxy group and a racthoxy group was left,
presumably from the cleavage of ERO during the course of the lithiation (Jung ME, Hogan
KT, Tetrahedron Lett. 1988, 29, 6199-6202). This was carried through to the hydrolysis
step. Rf'= (.51 (4:1 hexanes/EtOAc); mp 197-202°C; IR (KBrj 3055, 2936, 2834, 1307,
1185, 1149, 1092 cm-1; "H NMR (400 MHz, CDCL) 8 7.88 (d, /= 8.4 Hz, 2H); 7.87(d, /=
8.4 Hz, 2H);, 747 (d, /= 8.4 Hz, 2H), 7.36 (ddd, /= 8.0 Hz, 6.8 Hz, 1.2 Hz, 2H); 7.17 (ddd,

J=80Hz, 6.8 Hz, 1.2 Hz, 2HY; 7.07 (d, /= 7.4 Hz, 2 H); 3.50 (. 6H); 2.22 (d, J= 14 Hz, 2

H), 2.08 (d, J = 14.0 Hz, 2H). PC NMR (100 MHz, CDCL) 8 134.4, 1328, 132.7, 131.8,
1283, 1281, 128.0, 126 .4, 1259, 124.5, 50.9, 19.9; HRMS (ESI): Mass calculated for
C24H220,81Na [M ' Na]’, 393.1281. Found [M'Nal’, 393.1264. [u]?p = -195.2 (¢ 0.985,
CHCl3).

IH-dinaphthof2,1-c: 1’2 -ejsilepine-4,4(5H)-diof {3); Adapting a procedure by
Tacke (Tacke R ¢t al., Qrganometaliics 2004,23, 4915-4923), a 250 mL round bottom flask
was cquipped with a stir bar, placed under N> atmosphere, and charged with 4 (378.0 mg,
1.02 ramol). ACS grade acetone (40 mL) was added and the solution was cooled to §°C.
Freshly prepared 1 M HCI (ag) (10 mL) was added fo the solution dropwise at §°C. The
solution was stitred at 0°C until TLC showed complete consumption of starting matenial,
generally within 1-2 h. E0O (50 mL) was added at 0°C, followed by saturated NaHCOs

stowly votd pH 7 was achieved. The muxture was shaken vigorously, the layers were
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separated, and the agoeous layer exiracted 3 tiraes with EtO, checking to ensure pH 7 18
maintained throughout the extraction. The organic layers were combined, dried with
Nax8Q4, and concentrated to afford a white powder (364 mg, 94%) as a 2:1 complex with
Et:0. This compound was used directly as the EnO complex, taking into account the
residual solvent when calculating catalyst loadings. Ry=0.28 (1:1 hexancs/EtOAc), will
significantly tail; IR (KBr) 3401, 3051, 2969, 1232, 1143, 912, 822, 837 cru-1; 'H NMR.
(400 MHz, CDCl3) 8 7.88(d, /=84 Hz, 4H); 747 (d, /= 8.4 Hz, 2H); 737 (ddd, /=84
Hz, 6.8 Hz, 1.2 Hz, 2H}, 7.18 (ddd, /= 10 Hz, 6.8 Hz, 1.2 Hz, 2H); 7.09(d, J=7.6 Hz, 2
HY 218 (d, /=14 Hz, 2 H), 2.12 (d, J = 14.0 Hz, 2H). BC NMR (100 MHz, CDCl3) &
134.5, 132.9, 1328, 132.0, 128.6, 128.2, 128.0, 126.6, 1262, 124.8, 23.4; HRMS (ESH:
Mass calculated for CooHis028iNa [M™Nal', 365.096%. Found [MNa]", 365.0974. [a]*%s =
~280.3 (¢ 0.90, CHCl).

General Procedure for Titration of Silane Dol 3 and 4 with
Tetrabutylammoniwm Chloride: A solution of B-3 (5.0 x 10-3 M) in CDCl; was prepared
in a 2 mL volumetric flask. Portions of TBACI were quantitatively transferred to the flask
and 'H NMR spectra of the solutions were recorded after the addition of each equivalent,
ensuring that the concentration of -3 did not change.

Confirmation that the O—H peak was shifting was achicved by washing & solution of
R-3 in CDCH with D20, drving the sample with NaxSO4, and recording the NMR spectrum,
which lacks the peak at 2.4 ppro. No changes in methylene or aromatic proton resonances

were observed during the TBACH titration of 4.
General Procedure for Silanediol Catalyzed Acyl-Mannich Reactions

Scheme 8. General Procedure for Silanediol Catalyzed Acyl-Mannich Reactions
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General Procedure for Table |

{9a); An oven dried 2-dram vial with screw top cap and septa was equipped with a
stir bar and flushed with argon. The vial was scaled and covered further with parafilm.
Isoquinoline {11.8 uL, 0.1 mmel, 1.0 equiv) was added via syringe, solvent {2 mL) was

added and the solution was cooled to 0 °C. 2,2,2-Trichlorocthy! chloroformate {15.0 pl,
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80.11 mmol, 1.1 equiv) was added, the ice bath was rerooved and the solution was warmed to
room temperature while stirring for 30 minutes. The cloudy suspension was cooled to —~78°C
and catalyst {0.02 munol, 8.2 equiv) was added as a solution in solvent followed by 8-TBS
{33 mg, 0.15 mumols, 1.5 equiv). The reaction vessel was transferred to a ~78°C acetone bath
equipped with iramersion cooling coil and stirred for 40 hours. The reaction was quenched
at ~78 °C by the addition of NaOMe (0.2 m}, 0.5 M in MeOH, 1.0 equiv) and then warmed
to room teraperature before filtration through a short silica gel plug with EtOAc as the
cluent. Removal of the solvent iz vacuo and subsequent purification via flash colump
chromatography on silica gel {(0:100 EtOAc:Hexanes to 4:96 EtOAc Hexanes) yielded the
title compound as a colorless oil. 'H NMR (400 MHz, CDCL): the compound exists as a 3:1
mixture of carbamate rotamers. Signals corresponding to the major rotamer: & 7.28-7.19
{m, 2H), 7.10-6.95 (m, 2H), 696 (d, /=76 Hz, 1H), §.95(d, J=7.6 Hz, 1 H), 5.74 (5,

1H), 4.97(d, /=12.0Hz, 1H}, 470 (d, /=120 Hz, 1H), 3.64 (5, 3H}, 1.20 (s, 3H)}, 1.12 (5,
3H). Representative signals of the mivor rotamer: 8 6.05 (d, /= 7.6 Hz, 1H), 5.79 (s, 1H),
4.86 (s, 2H), 3.61 (s, 3H), 1.29 (s, 3H), 1.26 (s, 3H). BC NMR (100 MHz, CDCl) Signals
correspond to major rotamer: & 1759, 152.3, 131.3, 128.4, 128.0, 127.2, 125.6, 1249,
112.0,95.2,75.7,60.9,52.2, 50.3, 22,6, 21.5. IR (neat) 2091, 2924, 2357, 2343, 1724,
1717, 1627, 1448, 1374, 1322, 1225, 1128, 1046, 941 cm™'; HRMS (EST): Mass Calculated
for CyyHiChNOs [M'Nal', 428.0199. Found [M'Na]', 4280189,

General Procedure for Table 2

{9a} Table 2, entry 1. An oven dried 2-dram vial with screw top cap and septa was

equipped with a stir bar and flushed with argon. The vial was sealed and covered further
with parafilm. Isoquinoline (11.8 gL, 0.1 mmol, 1.0 equiv) was added via syringe, PhiMe (2
mb} was added and the solution was cooled to 0°C. 2,2,2-Trichloroethyl chloroformate
{15.06 plL, 0.11 mmol, 1.1 equiv) was added, the ice bath was removed and the solution was
warmed to room temperature while stirring for 30 minutes. The cloudy suspension was
copled to ~78°C. R-(3) (6.8 mg, 0.02 mmol, (.2 equiv) was added as a solution in PhMe
followed by methyl trimethylsityl dimethylketene acetal 8-TMS (30.5 uL, 0.15 nunols, 1.5
equiv}). The reaction vessel was transferred to a ~78°C acetone bath equipped with
immersion cooling coil and stirred for 40 hours. The reaction was quenched at —78°C by the
addition of NaOMe (0.2 vol, 0.5 M in MeOH, 1.0 equiv) and then warraed to room
ternperature before filtration through a short silica gel plug with EtOAc as the cluent.

Remowval of the solveut in vacuo and subsequent purification via flash column
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chromatography on silica gel (0:100 EtOAc:Hexanes to 4:96 EtOAc Hexanes) yvielded the
title compound as a colorless oil (32.4 mg, 0.080 mmols, 80% vicld). All spectral data
matched spectra for 9a as reported above. (Ry=0.45 in 10:90 EtOAc:Hexanes),
enantiomeric excess was found to be 8% by chiral HPLC (Chiralpak OD-H, 1%
isopropanol/99% hexane 0.7 mb/min, fr (munory: 12.8 min, fr (major): 15.7 min.; Figure 1)
] =-24.5 (¢ 1.11, CHCL).

{3a) Table 2. entry 2: The general procedure was repeated with 8-TBS as the

nucleophile. All spectral data matched spectra for 9a as reported above. Purification via
flash column chromatography on silica gel (0:100 EtOAc:Hexanes to 4:96 EtOAc:Hexanes)
vielded the title compound as a colorless oil (28.9 myg, 8.071 mmols, 71% yield} (Ry= (.45
in 10:90 EtQAc: Hexanes), enantiomeric excess was found to be 18% by chiral HPLC
{Chiralpak OD-H, 1% isopropanol/99% hexane 0.7 mL/min, & (rowpory: 13.3 won, #r
{(major}: 16.2 min; Figure 2) [l p=-57.4 (¢ 0.63, CHCh).

{9a) Table 2. entry 3: The ceneral procedure was repeated with 8-TIPS as the
g I p

nucleophile. All spectral data matched spectra for 9a as reported above. Purtfication via
flash column chromatography on silica gel (0:100 EtOAc Hexanes to 4:96
EtOAc:Hexanes), subsequent concentration under reduced pressure and filtration through a
plug of activity I neutral aluroina with CH:Cl to remove TIPSOH, yielded the title
compound as a colorless oil (22.4 mg, .055 mmols, 55% vield) (Ry=0.45 in 18:90

EtOAc: Hexanes), enantiomeric excess was found to be 28% by chiral HPLC (Chiralpak
OD-H, 1% isopropanol/99% hexane 0.7 val./mun, & (minor): 12.8 mun, & {major): 15.6 mun.;
Figure 3) [0]*p = ~128.2 (¢ 0.60, CHCl3).

{9a) Table 2. entry 4: The ceneral procedure was repeated with 8-TIPS as the
g I 1

nuclcophile as well as 100 mol% R-(3) (34.2 mg, 0.10 mmol). All spectral data matched
spectra for 9a as reported above. Purification via flash columun chromatography on silica gel
{0:100 EtOAc:Hexanes to 4:96 EtOAc:Hexanes), subsequent concentration under reduced
pressure and filiration through a plag of activity I neutral aluminag with CH2Ch to remove
TIPSOH, yielded the title compound as a colorless oil (30.2 mg, 8.074 mmols, 74% yield}
(Rr = (.45 in 10:90 EtOAcHexanes), enantiomeric excess was found to be 28% by chiral
HPLC (Chiralpak OD-H, 1% 1sopropanol/99% hexane 0.7 wl/min, & (minor): 14.1 min, &
{(major}: 17.7 min., Figure 4) [a}'p = ~128.2 {¢ 1.00, CHCL).

(9b) Table 2. entry 5: The peneral procedure was repeated with 8-TIPS as the
g I p

nuclcophile. Purification via flash column chromatography on silica gel (0:100 ethyl

acctate:hexanes to 4:96 ethyl acetate hexanes), subsequent concentration under reduced
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pressure and filiration through a plog of activity U neutral alumina with CHCh to remove
TIPSOH, yicided the title compound as a colorless o1l (27.7 mg, 0.057 mmols, 57% vield)
{Ry = 0.45 1n 10:90 BtOAc:Hexanes), cnantiomeric excess was determined to be 26% by
chiral HPLC (Chiralpak OD-H, 1% isopropanol/99% hexane 0.7 mL/min, fi{minor): 12.5
min, m{major): 18.3 min.; Figure 5) [u]*h = -54.3° (¢ 0.96, CHClL:). 'H NMR (400 MHz,
CDBCh): the compound exists as a 3:1 mixture of carbamate rotamers. Signals
corresponding to the major rotamer: & 7.49 (dd, J= 7.6 Hz, 1.6 Hz, 1H), 7.10-7.00 (m, 3H),
633(d,/=80Hz, 1H}, 570 (s, 1H},498(d, /= 12.0 Hz, 1H},4.71 (d,./ = 12.0 Hz, 1H),
3.62 (s, 3H), 119 (s, 3H), 1.12 (s, 3H). Representative signals of the minor rotamer: 8 6.43
(d, /= 12.0 Hz, 1H), 5.74 (5, 1H), 4.86 (5, ZH}, 3.60 (5, 3H}, 1.28 (s, 3H), 1.25 (5, 3H). °C
NMR (100 MHz, CDCls) Signals correspond to major rotamer: & 175.5, 152.0 132.4, 130.7,
130.0,127.9, 127.1, 1204, 11064, 75.6,60.9, 52.2, 50.1, 22.7, 21.5. IR (neat) 3110, 2976,
2946, 2357, 2335, 1724, 1627, 1553, 1441 1381, 1322, 1269, 1120, 770, 718 cry''; HRMS
(ESI): Mass Calculated for C7HBrChNOs M ™Nal’, 505.9304. Found [M"Na}*,
505.9299.

{9b) Table 2, entry 6: The general procedure was repeated with 8-TBS as the

nucleophile. All spectral data matched spectra for 9b as reported above. Purification via
flash column chromatography on silica gel (0:100 EtOAc:Hexanes to 4:96 EtOAc:Hexanes)
vielded the title compound as a colorless oil (32.1 mg, 0.066 mmols, 66% yield) (Ry= 0.45
in 10:90 EtQAc:Hexanes), enantiomeric excess was found to be 18% by chiral HPLC
{Chiralpak OD-H, 1% isopropanol/99% hexane 0.7 mL/min, & (rownory: 14.5 o, #r
{major}): 22.2 min.; Figure 6) [a]**p = -44.5 (¢ 1.85, CHCh).

{(9c) Tabic 2 entry 7: The general procedure was repeated with 8-TIPS as the

nuclcophile. Purification via flash column chromatography on silica gel ((:100 cthyl
acctatehexanes to 5:95 ethyl acetate hexanes) viclded the title compound as a colorless oil
{26.9 mg, 0.061 mmels, 61% yield) (Rr= 0.45 in 10:90 EtOGAc:Hexanes), enantiomeric
excess was determined to be 32% by chiral HPLC (Chiralpak OD-H, 1% isopropanol/99%
hexane 0.7 mL/min, s{minor): 11.4 min, {majory: 17.0 min.; Figure 7) [0l o = -71.3% (¢
0.99, CHCl3). 'H NMR (400 MHz, CDCh): the compound exists as a 3:1 mixture of
carbarnate rotamers, Signals corresponding to the major rotamer: 8 7.31 (dd, J= 8.0, 1.2 Hz,
tH), 7.13(t, /=8.0 Hz, 1H), 7.06 (d, /=8.0 Hz, 1H), 6.98 (app d, ./ = €.0 Hz, 1H}, 6.35 {d,
=76 He, THY, 872 (s, THL 498 (4, J= 120 Hz,) 471 (d, /= 12.0 Hz, TH), 3.63 (s, 3H),
1.20 (s, 3H), 1.12 (s, 3H). Representative signals of the minor rotamer: 8 6.45(d, /= 12.0
Hz, 1H), 5.76 (s, 1H), 4.87 (s, 2H), 3.61 (s, 3H), 1.29 (s, 3HD), 1.26 (s, 3HD. PC NMR (100
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MHz, CDCh) Signals correspond to major rotamer: 6 175.5, 152.0, 129.9, 1281, 127.6,
126.9, 126.4, 1257, 107.9,94.9, 75.6,60.7, 52.1, 50.1, 29.7, 22.6, 21 4. IR (necat) 2984,
2946, 1724, 1627, 1553, 1448, 1381, 1120, 770 ey HRMS (ESI): Mass Caleulated for
Ci7HCLNGs [M™Nal’, 461.9809. Found [M™Nal", 461.9804,

{9¢c) Tablc 2 entry 8: The general procedure was repeated with 8-TBS as the

nucleophile. All spectral data matched spectra for 9¢ as reported above. Purtfication via
flash colurmn chromatography on silica gel (0:100 EtOAc:Hexanes to 4:96 EtOAc Hexanes)
yielded the title compound as a colorless ol (35.2 mg, 0.080 mmols, 80% vield) (R = (.45
i 10:90 EtOAc:Hexanes), enantiomeric excess was found to be 20% by chiral HPLC
{Chiralpak OD-H, 1% tsopropanol/99% hexane 0.7 mL/min, & {minor): 13.3 min, &
{major): 20.5 min.; Figure 8} [a* p = -58.1 (¢ 1.57, CHCh).

(3d) Table 2 entry 9: The general procedure was repeated with 8-TIPS as the

rucicophile. Purification via flash column chromatography on silica gel (0:100 diethyl
ctherhexanes to 15:85 dicthyl etherthexanes) yielded the title compound as a bright yellow
oif (29.5 mg, 0.065 mmols, 65% yield) (Ry= 0.16 in 20:80 EtxO:Hexanes), enantiomeric
excess was determined to be 17% by chiral HPLC (Chiralpak OD-H, 4% isopropanol/96%
hexane .7 mL/min, fr(majory; 15.7 min, #ri{minor): 22.1 min.; Figure 9 [a}** = +26.1 (¢
0.91, CHCL) 'H NMR (400 MHz, CDCh): the compound exists as a 4:1 mixture of
carbamate rotamers. Signals corresponding to the major rotamer: 8 7.94 {dd, /= 7.2, 2.4 Hz,
1H), 7.40-7.30 (m, 2H), 7.18(d, /= 8.0 Hz, 1H), 6.70 (d, J= 84 Hz, 1H), 5.77 (s, 1H)},
500(d,J=116Hz 1H),473(d, /=116 Hz, 1H), 3.63 (s, 3H}, 1.21 (5, 3H), 1.16 (s, 3H).
Representative signals of the minor rotamer: 8 6.79 (d, /= 8.4 Hz, 1H), 4.88 (s, 2H), 1.29
(s, 3H), 1.26 (5, 3H). YC NMR (100 MHz, CDCh) Signals correspond to major rotamer:
1751, 151.7, 1448, 132.8, 130.4, 129.5, 126.7, 1259, 1248, 105.8, 94.7, 75.7, 60.84, 52.3,
49.9,22.8, 21.5 IR (ncat) 2954, 2024, 2857, 1724, 1627, 1515, 1456, 1381, 1329, 1262,
1120, 897 e, HRMS (ESE: Mass Calculated for CroHiCLUNOs [M™Na]’, 473.0059.
Found [M'Nal', 473.0044.

{9d} Table 2 entry 18Q: The general procedure was repeated with 8-THS as the

nuclcophile. All spectral data matched spectra for 9d as reported above. Purification via
flash columu chromatography on sitica gel (0:100 diethy! etherhexanes to 15:85 diethyl
cther:hexanes) yielded the title compound as a colorless ol (32.7 mg, 0.072 mmols, 72%
vield) (Ry=0.45 in 10:90 EtOAc:Hexanes), enantiomeric excess was found to be 50% by
chiral HPLC (Chiralpak OD-H, 1% isopropanol/99% hexane 0.7 mL/min, v {major): 16.2
min, #r {minor): 23.0 min.; Figure 10} [a]*s = +70.1 {¢ 1.60, CHCL).
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Preparation of Racemie Samples for HPLC Analysis: 1o an oven dried 2-dram
vial with stir bar, a solution of the appropriate isoquinoline (0.1 mmoi)in 2 mL
dichloromethane was prepared and cooled to 0 °C. 2,2,2-Trichloroethyl chloroformate (150
ul, 0.11 mmol, 1.1 equiv} was added, the ice bath was removed and the solution was
warmed to room temperature while stirring for 30 minutes. The reaction was then cooled to
-~ 78°C and the appropriate silyvl ketene acetal (.15 mmol, 1.5 equiv} was added. The
reaction was allowed to warm to room temperature and stiv overnight (1418 hrs). The
products were isolated under the same column conditions as thetr enantiocenriched
counterparts (sce Figure 11, Figure 12, Figure 13, and Figure 14 for racemic samples of 9a,

9b, 9¢, and 94, respectively).

Synthesis of Bis{ TMS) Derivative of Silanediol R-3 (3H-dinaphtho{2,1-¢:1%2'-
elsilepine-4,4(SH}-diol} for HPLC Analysis (Scheme ¥}

Scheme 9, Synthesis of Bis(TMS) Derivative of 3H-dinaphthe{2,1-¢:1",2-¢]silepine-
4,4(5H)-diol for HPLC Analysis

LOH NEt,, TMSCI
Si
/ TOH  THF 23°C.12 hrs

_OTMS
si
/ oTms

A 25 mL round bottom flask equipped with a Teflon coated magnetic stir bar was
flarme dried voder vacuum and purged with nitrogen gas. The flask was then fitted with a
rubber septa and placed under argon atmosphere. The flask was then charged with (R)-3
{27.4 mg, 0.08 mowols, 1.0 equiv) followed by THF (8.27 mL). NEt: (40 pl, 0.32 womols,
4.0 equiv) was added fo the reaction mixture via syringe, followed by TMSCL (22 pL, 0.17
mmols, 2.2 equivy. The reaction stivred at roor tewperature for 12 hours, then diloted with
15 mL of diethyl ether and washed with water (10 mL), saturated sodium bicarbonate (2 x
10 mL}, and brine (2 x 10 mL}. The organic layer was dried with anhydrous sodium sulfate,
and the solvent was removed in vacuo resulting in a clear yellow oil. Purification via flash
column chromatography on silica gel (100% hexanes as cluent) yielded the title compound
as a white solid (18.3 mg, 0.038 mmols, 48% vield) (Ry = 0.30 in 99:1 Hexanes:EtOAc),
cnantiomeric excess was determined to be >99% by chiral HPLC (Chiralpak OD-H, 100%
hexaoe 0.5 mb/voin, m{minory: 11.2 min, srimagjory: 15.7 win.; Figure 15; see also Figare 16

for racemic sample) [a*p = ~155.97 (¢ 1.01, CHCL3). *H NMR (400 MHz, CDCl3): 8 7.87
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(d, 7 = 8.4 Hz, 2H), 7.84 (4, ./ = 8.4 Hz, 2H), 7.41 (d, J= 8.4 Hz, 2H), 7.35 (ddd, J = 8.0,
6.8,1.2 Hz, 2H), 7.16 (ddd, J= 8.8, 6.8, 1.2 Hz, 2H), 7.00 (d, . = 8.8 Hz, 2H), 2.00 {d, / =
13.6 Haz, 2H), 1.96 (d, = 13.6 Hz, 2H), 0.02 (s, 18H). C NMR (100 MHz, CDCE) 3
1357, 132.8, 1327, 131.8, 1284, 1281, 128.0, 126.7, 1258, 124.3, 24.5, 2.0. IR (KBR}
3049, 2946, 2898, 1500, 1395, 1250, 1147, 1067 (br), 917, 837, 750, 735 cmt. Mass
Calculated for CraHza0nSi [MNal”, 509.1764. Found [M Nal’, 509.1766.

Synthesis of Silyl Ketene Acelals (Scheme 16)

scheme 10, Synthesis of Silyl Ketene Acetals

. 7 LDA, THF, -78 °C, 30 min - GSRs

3 e AN

\1)1\0& then, DMPU, RLSIC!, W/L\O&
R, 78 °C ——> 1t 1.5 hirs Rz

Tritsopropyl{{1-methoxy-2-methyviprop-1-en-I-vhoxyisilane (8-TIPS): Using the

racthod reported by the Jacobsen group (Wenzel AG, Jacobsen EN, J. 4m. Chem. Soc.
2062, 124, 12964-12865), a 200 mL round bottom flask equipped with a stir bar was flame
dried under vacuum and purged with nitrogen gas. The flask was placed under positive
pressure of argon gas and fitted with a rubber septa. The reaction vessel was charged with
50 mL of anhydrous THF and diisopropyl arnine (4.2 mL, 30 rarol, 1.2 equiv.), and cooled
to 0 °C. A solution of 1.3 M n-BuLi(21.2 mi, 27.5 mmol, 1.1 equiv) in hexanes was added
dropwisc to the reaction mixture and stirred for 20 minutes at 0 °C. The reaction was cooled
to =78 °C and roethyl isobutyrate (2.87 mk, 25 mumel, 1.0 equiv) was added over a 10-
mimute period. The reaction was stirred for 30 mins at -78 °C, followed by the addition 1,3-
diracthyl-3,4,5,6-tetrahydro-2(1 H)}-pyrimidinone {DMPU} (4.53 L, 37.5 numol, 1.5 equiv)
and tritsopropylsityl chloride (6.42 mbL, 30 mmol, 1.2 equiv). The reaction stirred at 78 °C
for 30 roin then warrned to roorm teraperature for 1 h. Selvent was removed under reduced
pressure and the resulting mixture was taken up in 200 mL of pentane, washed sequentially
with water {1 x 100 mL), saturated CuSQy (1 x 100 mL), saturated NaHCO: (1 x 100 mL),
and brine (1 x 100 mL). The organic layer was dried over anhydrous NapS0y, and
concentrated in vacuo, resulting in an o1l which was purified via fractional distillation to
yield the title corapound (5.62 g, 21.7 mrol, 87% yield) as a clear colorless tiguid. 'H

NMR (400 MHz, CDClay: 8 3.56 (s, 3H), 1.57 (s, 6H), 1.09-1.18 (m, 21H). All spectral data
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roatched that previously reported (Lia S8Y et al, J dm. Chem. Soc. 2088, 127, 15352~
15353).

tert-Butyl{{ Lmethoxy-2-methviprop-1-en-1-vhoxyidimoethyisiane (R-TBS): Using

the method reported by the Jacobsen group {(Wenzel AG, Jacobsen EN, /. Am. Chem. Soc.
2002, 124, 12964-129635), the titie cormpound (4.04 g, 18.7 nunol, 75% vyield) was obtained
as a clear colorless liguid. 'H NMR (400 MHz, CDChy: 8 3.51 (s, 3H), 1.57 (5, 3H), 1.53 (s,
3H}, 0.96 (s, 9H), 0.14 (s, 6H). All spectral data matched that previeusly reported
{Schieckel R et al., Angew. Chem. Int. £4. 2818, 49, 16191622

teri-butyl{{(1 -1sopropoxyvinyhoxvidirocthylsilane (S1}): Following the same

procedure as above, the title compound was prepared on a 30 mmol scale to yield the title
compound (5.24 g, 24.2 mmol, 81% yield) as a clear colorless liquid. 'H NMR (400 MHz,
CDCL)Y: 0419 (sep, J =064 Hz, 1H), 3.27(d, J=2.4 Hz, TH), 3.08 (d, J= 2.4 Hz, 1H),
1.25 (d, /=64 Hz, 6H), 0.93 (5, 9H), 0.17 (5, 6H). All spectral data matched that
previously reported (Wenzel AG, Jacobsen EN, J. Am. Chem. Soc. 2082, 124, 12964~
12965).

Tentative Assignment of Absolute Stercochemistry (Scheme 1}
Scheme 11. Tentative assignment of absolute stereochemistry

TrocCl, PhMe, 0 °C 30 min

Clor
‘ Ry 20% R-3, Phide, -78 °C thay
o
i 81 {1.5 equiv}), -78 "C 16 his

-

2.2 2-trichloroethvl (S3-1-{2-isopropoxv-2-oxoethyl soguinoline-2 (1 H-carboxvlate

{S2y: Using the same general procedure for silancdiol catalyzed acyl-Maunnich reactions
above, the title compound was purified via flash column chromatography on silica gel
{0:100 EtOAc:Hexanes to 4:96 EtOAc:Hexanes} yielded the title compound as a colorless
oif {(30.5 mg, 0.075 mmols, 75% vyield) (Ry= (.45 in 10:90 EtOAc Hexanes), enantiomeric
excess was found to be 14% by chiral HPLC (Chiralpak OD-H, 1% isopropancl/99%
hexane 4.7 maL/min, #r (rotnory: 13.8 min, #r {major): 18.2 mun.; Figure 17, see also Figure
18 for racernic sample) [ol*p = +27.8° (¢ 0.78, CHoClh). 'H NMR (400 MHz, CDCli): The
compound exists at a 1.7:1 mixture of carbamate rotamers. Signals corresponding to the
major rotamer: 8 7.27-7.19 {m, 3H}, 7.10(d, /= 7.6 Hz, 1H), 690 (d, /= 7.6 Hz, 1H), 598
(d,/=7.6Hz, l H), 589581 (m, 1H), 4.97-4.76 {m, 3H), 2.67-2.58 {m, 2H), 1.20(d, /=
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6.0 Hz, 3H), 1.16 (d, /= 6.4 Hz, 3 H). Representative signals of the minor rotamer: 8 6.9
(d, /J=76Hz, 1H},6.04(d,/=76Hz, 1H),277{dd,/=144,92Hz, I 1.11 (d, /=64
Hz, 3H). All spectral data matched that previously reported with exception of optical
rotation: Literature [¢]*' p for 86% 2,2, 2-trichloroethyl {R)-1-{2-isopropoxy-2-
oxoethyhisoquinoling-2(1 H)- carboxylate: —2407 (86% ce, ¢ 1.1, CHCh).

Results and Dscussion

The feasibility of silanediol ion-pair catalysis was studied in the addition of silyl
ketene acetal 8 to in sifu generated N-acylisoquinoline 6 through proposed ion pair 7 (Table
1. This reaction was sclected as a testing ground as it is a process that has docuraented
benefits under the influence of HBID catalysis. Of particular interest were the observations
of Taylor and Jacobsen demonstrating thiourca-activation of N-acylisoquinelines (Taylor
MS et al., Angew. Chem. fnt. £d. 2088, 44, 6700-6704) and subsequent studies on related
systems pointing to thiourea anion binding in the catalytic pathway (Raheem 1T et al,,
JACS, 2867, 129, 13404-13405; Raheem IT et al,, Org. Lerr. 20888, 10, 1577-1580;
Peterson EA, Jacobsen EN, dngew. Chem. fnt. Ed. 2089, 48, 63286331}, Early on, it was
found that the solvent played a role in the rcaction of 8 with 6 (entrics 1-5, Table 1),
Ethereal solvents, such as diethyl ether and methyl fert-butyl ether (MTBE), afforded low
viclds of product # after 40 h with 20 mol % of stlancdiol 1 {(entries 1 and 2).
Dichloromethane gave rise to a good yield of @ {entry 3); however, the background rate was
also high at 88%. Toluenc was sclected as the solvent to explore in this system as moderate
yields of 9 were observed with 20 mol % of silanediol 1 while the background rate
remained low at just 12% (entries 4 and 5).

With the solvent identified with achiral silancdiol §, attention was turned toward the
effect of chiral silanediols on catalytic activity for studics on enantiosciective catalysis,
Catalyst 2, a previously developed chiral Co-syrametric variant of catalyst 1, promoted the
reaction in 30% vyield {entry 6} (Schafer AG et al., Org. Lesr. 2011, 13, 3228-5231).
Concerned that the steric bulk of silancdiol 2 was preventing sufficient catalysis, the less
sterically encumbered chiral silanediol catalyst 3 was explored. It was found that 20 mol %
of silanediol 3 afforded a 75% yield of @ at -78 °C in toluenc {entry 7). The silancdiol
functionality was determined to affect catalyst activity: dimethoxysilacycle 4 was unable to
catalyze the reaction, affording just 14% of 9 (entry ¥).

Following the successtul catalysis of the addition of silyl ketene acetal 8 to in situ
generated N-acylisoquinolinium 7 with racemic silanediol 3, the usc of cnantiopure

stlanediols to control the absolute stereochemistry of the acyl Mannich reaction was
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tovestigated. Prior to this study, asymametric catalysis achieved solely through the HBD
activity of a chiral silanediol had not been reported. A factor likely inhibiting advances in

asymmetric sianediol catalysis is the difficulty of synthesizing enantioenriched chiral

stlancdiols.
5
Table 1. Silanediol ion-pair catalysig!®!
Me
% mol o GMe O0:Me
FLed
N/\\/ catalyst M
----------------------------- = 307 TN >
8, solvent E |
A=CHO0L 78 °C RS
8
- 4
RO - |
=0
- N>l sifanediol
catafyst
/N | VS + TESO. _OMe
Me‘/\Me
8 N 8
Entry | Catalyst | Solvent | Yield (%)
1 20mol % 1 EnO
2 20mol % 1 MTBE 3
3 20mol % 1 | CHCh 74
4 20 mol % 1 | Toluene 74
3 Omol % 1 | Toluene 12
6 20 mol % 2 | Toluene 50
7 20 mol % 3 | Toluene 75
8 20 mol % 4 | Toluene 14
[a} Reactions performed at a concentration of 0.025 M in the
solvent listed.
16 Ib] Isolated yields

Sitanediod Caﬁaﬁysis Best Cataiyst
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Enantiopure silanediol 3 could be prepared frovo commercial BINOL (18, Scheme
12}, The triflation of 16 (Bulman Page PC, Org. Lerr. 2804, 6, 15431546} followed by a
Kumada cross-coupling reaction {(Kasak P, Putala M, Tetrahedron Lett. 2804, 45, 5279
5282} gives nise to (R)-2,2"-dimethyl-1,1 -binaphthalene 11 in high yield. Dilithiation of 11
followed by treatment of with tetramethoxysilane affords an imtermediate
dimethoxysilacycle that readily converts to silanediol (833 upon treatment with

hydrochloric acid 1n acctone.

Scheme 12. Synthesis of enantiopure chiral Cr-symmetric silanediol

1, n-Buld,
N L TREO BN &0 TMEDA, Et:O;
CHLCl, 97% Si{OMe),, 31%
2.5 mol % {4 2. 1MHC
Ni{dppp)Cla ““““ ¥ Acetone, 84%
MeblgBr Me Me Ty
10 28% 11 HO OH

(R})-3

An X-ray quality crystal of bis-trimethylsilyl protected {R)-3 was obtained from
hexanes and the ORTEP representation is depicted in Figure 19, An X-ray quality crystal of
the unprotected silanediol (R3-3 has vet to be isolated. Bis-trimethylsiivl protected (8)-3
was found to be 99% cnantiocnriched by HPLC analysis.

The enantiopure silanediol (R}-3 was able to catalyze the addition of silyl ketene
acetals to N-acylisoquinelines with promising levels of stercocontrol (Table 2}, The silyl
group on 8 had a significant effect on the stereochernical ountcorne: the larger the silyl group
the better the enantiomeric excess (entries 1-3). The best enantioselectivity obtained for 9a
in this study occurred with the addition of tritsopropylsityl protected 8 to isoguinoline in the
presence of 2,2, 2-trichlorocthyl chloroformate and 1 equiv of (R}-3 (38% e, entry 4). The
absolute stereochemistry of 9a was tentatively assigned (Scheme 13) by analogy to
literature precedent (Taylor MS et al., dngew. Chem. ni. £d. 2808, 44, 67006704}
{(Scheme 14). High yiclds and encouraging levels of enantiocontrol were also observed with
several isoquinolines tested {entries 5-10). For example, S-bromoisoquinshinium ions were
casily incorporated into the process, giving rise to the corresponding products 9b in 57%
and 66% yields, with the TIPS and TBS silyl ketene acetals (8) respectively, and up to 26%
ee when 20 mol % of (R)-3 was used {entrics 5 and 6). 5-Chloroisoquinoling gave rise to %¢
in high yield and up to 31% ce with 20 rool % of (R)-3 (eniries 7 and 8). Good yields of 9d
were isolated (87%) with 50% enantiomeric excess from the incorporation of 5-

nitrowsoquinoline into the reaction system (entries 9 and 10).
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scheme 13, Tentative stereochemistry based on this work

TrocCi Phide, O {on

PN TrocC, Phide, a6 O N Measured 14% ee
% R3 Fh ‘ <24 Y P NN
P M. O R TN 31T =10 SRt L 5 N
”\x/’L:;N 31 {1 S equivy, 78 % 16 brs " er"vku‘ {ﬁﬁ D 278 (e &, CH:Ch )

O
iEy0el

scheme 14, Tentative siereochemistry based on Jacobsen’s work (Taylor M5 et al,,
Angew. Chem, Int. Ed 2008, 44, 6700-6764)

roeind, B0 %0 tort 30 - . B e
Jroeid, S0, G ot PN Measwred 86% ce

Ny, 10% "Thicuses, ELO. 78 e | 1 Sree R
s O. 0, feed= = _ AP0 (0 .
E;Q«i ST {2.0 eguiv), -78 °C 14 hrs # - N‘H”"V{""'E3 {4 o —240 \e b {\IL_{L}
wFroo” Y

X mal %
P g silanediol ()3 | &
Ra_;___ + /J\ —os» = \T
U AN G TOCHCCH luene, -78°6 I !
OSify  Me0,C “pe g
& N Me
Me,C™ "OMe X = GO0k

entry | 8(SiRs} | SR [ mol % (R)-3 19 | Yield (%)™ | Br
i TMS H 20 mol % Sa { SO 54:46
2 THS H 20 mol % 8a | 71 59:41
3 TIPS H 20 mol% 9a | 55 64:36
4 TIPS H 100mol% {%a {74 69:31
5 TIPS 3-Br 20 mol % 9b | 57 63:37
5] THS 53-Br 20 mol % 8 | 66 59:41
7 TIPS 5-Cl 20 mol % 8¢ | 61 66:34
g TES 5-Cl 20 mol %% ¢ | 80 60:40
9 TIPS 5-NO» { 20 mol % 9d | 65 58:42
10 TRBS 5-NO» {20 mol % 8d | 72 75:25

ia] Reactions performed at a concentration of $.025 M in toluene,

{b] Isolated yields

Evidence supporting a reaction pathway involving silanediol recoguition of chlornide
ions was collected by "H NMR spectroscopy and X-ray crystallographic analysis. First, 'H
NMR spectroscopic analysis found an effect on the OH signals of (R}-3 upon the addition of
varying amounts of tetrabutylammonium chloride (TBACI). In the 'H NMR spectrum of
pure (£)-3, the OH chemical shift was observed at 2.3 ppm (spectrurm {3}, Figure 20). As
equivalents of TBACT were added to the silancdiol, clear downficld shifting of the OH peak
{spectra (b)-(f}) was observed. For example, the addition of 5 equiv of TBAC] caused the
OH chemical shift to be observed at 4.7 ppim, a change of more than 2 ppm (compare
spectra {a) vs. (). There were also small changes in the chemical shifts observed for the

methylene and aromatic hydrogens. Further support of silanediol ion-pair catalysis was
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found in the capture of achiral silanediol 1 in a solid-state ion-pair with the hydrochloride
salt of isoquinoline (Figure 21).
Conclusions

In summary, silanediols can promote the reaction of silyl ketene acetals with N-

L

acylisoquinolines in good yield, concetvably through anion-binding catalysis. In addition,
C2-symmetric silanediols also were shown to exhibit promising levels of enantiocontrol in

the title reaction.

Example 2:
10 Introduction
The versatility of the stlancdiol functionality (St-(OH)) continues to grow in
organic synthesis. Attractive characteristics of the silanediol functionalities include their
hydrogen bonding abilitics and their preference to exist as dinls, not silanones. The
conversion of silanediols into polysiloxanes, polymers with useful properties, is possibly
15 their most well-known function. Albeit less popular, stable silanediols are also accessible
and possess their own useful applications. For example, chernists have taken advantage of
stlanediols to advance new therapeutic agents.
Enantioselective hydrogen bond donor (HBD) organocatalysis is cmerging as a
powerful tool in complex target construction. Given their hydrogen bonding abilities,
20 silanediols may benetit from improved activities and selectivities versus other HBD
catalysts, ultimately enabling unique bond-forming reactions.
Silanediols derived from BINGL-backbones were investigated as catalysts (Scheme
15}). There are many advantages of BINOL: i s a readily available, mexpensive source of
chirality that is highly customizable in terms of both steric hindrance and electronic nature

25 so as to enable the achievement of optimal reactivity.

Scheme 15, BINOL-Based Silanediol Catalyst Designs

8 o B
Ty

21 23 {BINOL) 22

30

139



(92

10

WO 2015/157765 PCT/US2015/025587

Experimental

2.2'-bis(hexyloxy)-1.1 -binaphthalenc: To a flame-dried 1000 mL round bottom
flask was added (R)-BINOGL (30.0 g, 105 mumol, 1 cquav), n-bromehexane (73.3 mlL, 524
mmol, 5 equivy, MeCN (500 mL}, and KoCO: (72.3 ¢, 524 mimol, 5 equiv). The flask was

equipped with a water-cooled condenser and the reaction was heated to reflux overnight.
The reaction was cooled to 23°C, diluted with H20, and extracted with hexanes (3x). The
combined organic layers were dried with NazSOy, concentrated in vacuo, and distilied to
remove excess n-bromohexane {120°C, ~300 mTorr} to provide the title compound as
colorless viscous oil (46.7 g, 103 mmol, 98%,; contains ~5% residual n-bromohexane). 'H
NMR {400 MHz, CDCL)Y 3 7.96 (4, =90 Hz, 2H), 7.89(d, /=K1 Hz, 2H), 745 (d, /=
9.0 Hz, 2H), 7.34 (ddd, /= 1.9 Hz, 6.1 Hz, 8.0 Hz, 2H), 7.20-7.23 (4H), 3.97 (4H}, 1 40~
1.44 (4H), 0.95-1.10 (12H), 0.79 (+, J= 7.1, 6H). All other spectra data matched that
previously reported (Gong Z et af. J. Org. Chem. 2881, 66, 2358-2367).

4 4' 6 6'tetrabromo-2.2-bisthexviloxyi-1. -hinaphthalene: To a flamed-dried 5300

ml round bottom flask was added 2,2-bis(hexyloxy)-1,1-binaphthalene {16.9 g, 37.1
mmel, equiv) folowed by AcOH (300 ral). Bromine (20.1 mL, 390.5 mumol, 10.5 equiv)
was added slowly to the solution at 23°C and the reaction was stirred for 4.5 hat 23°C. The
reaction was cooled to 0°C, quenched with saturated NaHSOs, and extracted with CHoCh
(3x). The combined organic layers were washed with NaHCOz, then brine, dried with
NazSQ4, and concentrated in vacio. The compound was purified via flash coluron
chromatography (dry load) on silica gel (100% hexanes) to provide the title compound as a
light yellow oil (18.2 g, 23.6 mmol, 64%). Ry= 0.65 (10:90 ethyl acetatehexanes), 'H NMR
{400 MHz, CDCL)Y 0 8.39(d, J= 1.9 He, 2H), 7.71 (s, 2H), 7.31 (dd, /= 2.0, 9.1 Hz, 2H),
6.97(d, /=9.0Hz, 2H), 3.92 (4H), 1.37-1.44 (4H), 0.88-1.12 (12H)}, 0.76 {t, /= 7.1 Hz,
6Hy; PC NMR (100 MHz, CDCl) 8 154.5, 133.2, 130.7, 129.5, 1289, 1274, 122.5, 120.5,
119.3,69.9,31.3, 292, 25.4, 22.6, 14.0. All other spectra data matched that previously
reported (Gong Z ef af. J. Org. Chem. 2081, 06, 2358-2367).

4.4%.6.6" tetrabromo- 1, '-binaphthalenel-2.2-diol {8}-26: Adapting a procedure by
Lin (Mi L et al JACS 2009, /37, 4610-4613), to a flame-dried 250 mL round bottom flask

was added 4,4",6,6-tetrabromo-2,2'-bisthexyloxy)-1,-binaphthalene (20.9 g, 27.1 romol, 1
equiv) followed by CHoCl (60 mL). The solution was cooled to ~78°C and BBr3 (2.26 mL,
23.8 mmol, 6 equiv) was added dropwise. The reaction was warmed to 23°C and stirred
overnight. The reaction was cooled to 0°C, guenched with water (~20 mL), and extracted

with CH>Cly (3x). The organic layers were combined, washed with brine, dried with
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NazSOs, and concentrated in vacuo. The resulting compound was purified via silica plug
(CH>Ch) to afford (R)-26 as a white solid {(16.1 g, 26.7 mmol, 99%). Ry= (.56 (30:70 cthyl
acetatethexanes), 'H NMR (400 MHz, CDCL) 8 8.46 (d, J = 1.9 Hz, 2H), 7.75 (5, 2H), 7.43
{(dd, J= 1.9 Hz, 8.9, 2H), 6.96 {d, /= §.9 Hz, 2H), 4.95 (s, 2H), 1*C NMR (100 MHz,
CDCh)Y 8 1527, 132.5, 1321, 130.3, 1296, 1263, 1251, 123.2, 1201, 110.4; m.p. 293-
294°C; IR (NaC1) 3500, 3080, 2916, 1580, 1493, 1373, 1176, 937, 733 em™; HRMS (ESI):
Mass calculated for CaoHioBraOaNa [M+Ns]", 620.7307. Found [M+Na]", 620.7300: [0]%s
------- 49 8° (¢ 1.00, CHCl3).

4,466 -tetraphenvi-[ 1. 1'-binaphthalencl-2 2'-diol: To & 150 mL flame-dricd round

bottom flask was added (R)-26 (6.60 g, 11.1 mmol, 1 equiv}, phenylboronic acid (5.94 g,
45.7 mamol, 4.4 equiv), KoCO3 (917 g, 66.4 mmol, 6 equiv), THF (35 mL), PA(PPha) (1.92
g, 1.66 movool, 0.15 equiv) and Hz0 (33 rol). The flask was equipped with a water~cooled
condenser and the reaction was heated to reflux overnight. The reaction was cooled to 23°C
and exiracted with CH2Cl (3x). The combined organic layers were washed with brine,
dried with NaxSQq, and concentrated in vacuo. The resulting residue was first subjected to
flash column chromatography on silica gel (100% CH2Ch) to remove the black colored
impurity followed by additional purification via flash column chromatography on silica gel
(30:70 CHyClhy'hexanes to 100% CH2Ch) to provide the title compound as an off-white
solid {4.03 g, 6.82 mmol, 62%). Rr= 0.46 (30.70 ethyl acetate:hexanesy;, 'H NMR (400
MHz, CDCl) 6 8.18 (br d, J= 82 Hz, 2H), 7.49-7.69 (16H), 7.39-7.47 (8H), 7.30-7.34
(ZH}, 5.20 (5, 2H); PO NMR (100 MHz, CDCL) 8 152.5, 144.4, 141.2, 140.0, 137.1, 133.3,
130.1, 129.0, 128.7, 128.4, 128.0, 127.4, 127.33, 127.27, 125.4, 125.0, 119.3, 110.5; [a}p
=49 8% (¢ §.26, CHCI3) All other spectra data matched that previously reported (Gong 7 et
al. J. Org. Chem. 2801, 66, 2358-2367).

4.4".6.6 -tetraphenyl-[ 1, -binaphthalene}-2.2-divl bis{trifluoromethancsulfonate)
{Hashimoto T ef @l Tetrahedron: Avmmetry 2803, 14, 1599-16023: To a 150 mL flame-

dried round bottom flask was added 4,4",6.6'-tetraphenyl-| 1, -binaphthalene]-2,2'-diol (5.13

g, 8.68 mmel, 1 equiv) followed by CHCly (530 mL). The solution was coeoled to -78°C and
BN (3.60 mL, 26.04 mmol, 3 equiv} was added followed by the addition of THO (4.37
ml, 26.64 vamol, 3 equiv) dropwise. The reaction was warmed to 23°C and stirred
overnight. The reaction was cooled to 0°C, quenched with 2 M HCI (~10 mL}, and
extracted with CHaCl (3x). The corabined organic layers were washed with NaHCOs,
brine, dried with NaxSQ4, and concentrated in vacueo. The resulting compound was run

through a sthca gel plug (CHCh as eluent) and then purified via flash colomn
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chrornatography on silica gel (100% hexanes to 5:95 EtxO:hexanes) to provide the title
compound as a white solid (6.21 g, 7.26 mmol, 84%). Ry= 0.35 (10:90 cthyl
acetatehexanes); m.p. 205-207°C; 'H NMR (400 MHz, CDCL) 8 825 (brd./ = 1.6 Hz,
2H), 7.54-7.74 (20H), 7.41-7.45 (4H), 7.34-7.38 (2H), PC NMR {100 MHz, CDCL)Y 8
1452, 1450, 140.4, 140.2, 138.9, 133.1, 1314, 130.2, 129.1, 128.9, 128.6, 128.1, 1280,

7, 127.6,124.6,122.7, 120.7, 1184 {q, JCF = 320 Hz); mu.p. 205-207°C; IR {(NaCh
3058, 3028, 1560, 1486, 1419, 1210, 1136, 942 cm''; HRMS (EST): Mass calculated for
CacHeFsO6SoNa PM+Na]’, 877.1124. Found [M+Nal", 8771112 [o]%p = —67.3° {¢ 1.00,
CHCH).

2.2 -dimethvi-4.4' 6. 6"-tetraphenvi-1.1 “binaphthalene {#)-27 (Hashimoto T ef g/,

ey

Tetrahedron: Avmmetry 2083, /4. 1599-1602): To a 150 mL flame-dried round bottom flask

was added 4,4",6,6-tetraphenyl-{ 1, 1-binaphthalene}-2,2'-divl bis{trifluoromethanesulfonate)
{6.21 g, 7.26 mmol, 1 equiv), EnO (65 mb), and NiddpppICh (197 mg, 0.363 mmol, 0.05
equivy. The mixture was cooled to 0°C and 2.44 M MeMgBr (13.7 mL, 33.4 mmol, 4.6
equivy was added drop wise. The flask was equipped with a water-cooled condenser and the
reaction was heated to retlux overnight. The reaction was cooled to 23°C and slowly poured
in a chilled flask of 2 M HCI (~25 mL). The mixture was filtered through celite and
extracted with EO (3x). The combined organic layers were washed with NaHCOs, brine,
dried with NazSQO4, and concentrated in vacuo. The resulting compound was purified with
flash column chromatography on silica gel (5:95 EtO hexanes to 10:90 EtO hexanes) to
afford (R3-27 as a white sohid (3.88 g, 6.61 mmel, 919%), Ry=0.43 (10:90 cthyl
acetate:hexanes); 'H NMR (400 MHz, CDCh) § 8.20 (br d, /= 1.7 Hz, 2H), 7.68-7.71
(4H), 7.46-7.59 (14H), 7.28-7.42 (8H), 2.18 (s, 6H); PC NMR (100 MHz, CDChL) 8 141.5,
141.0, 140.2, 1378, 1348, 134.3, 132.6, 130.8, 130.6, 1304, 128.9, 128.6, 127.51, 12747,
127.3, 126.9, 1258, 1243, 20.4; m.p. 198-201°C; IR (Na(1) 3056, 3029, 2917, 1598, 1471,
1449, 1382 cml; HRMS (ESI): Mass calculated for CasHiaNa [M+Nal", 609.2553. Found
PMENal, 609.2538; [o]*p = —89.0° (¢ 0.200, CHCh).

1.7.8.14-tetraphenyi-3.5~dihvdro-4 H-dinaphthol 2. 1 -¢: 1.2 -e lsilepine-4. 4-diol {#}-

22b: Adapting a procedure by Mattson (Schafer AG ef al. Angew. Chem. Int. Ed. 2813, 52,
11321-11324), to a 250 mL flame-dried round bottom flask was added (R)-27 (4.51 g, 7.69
mmol, | equiv) followed by EQ (70 mL). The solution was cooled to 0°C and 1.6 M p-
Buli (14.4 wl, 23.07 mumol, 3 equiv) was added dropwise followed by the addition of
TMEDA (3.44 mL, 23.07 mumol, 3 equiv) dropwise. The reaction was warmed to 23°C and

stirred overnight. The reaction was then cooled to 0°C and SY{OMe)s (4.55 mi, 30.8 womol,
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4 equiv) was added drop-wise followed by E0 (35 mb). The reaction was warmed to 23°C
and stirred for 24 h. The mixture was pushed through a pad of silica gel using Et:0 as the
eluent. After concentration in vacuo, the compound was partially purified via flash column
chromatography on silica gel (100% hexanes to 80:20 hexanes:EtO) to afford slightly
impure {R)}-28b (2.88 ¢}, which was carricd on to the next hydrolysis step. To a flame dried
1806 mL flame-dried round bottom flask was added crude (R)-28b (2 K8 g} and acetone
(300 mL). The solution was cooled to 0°C followed by the dropwise addition of | M H(1
{75 mL). The mixture was stirred at 0°C for 6 h. The reaction was diluted with Et20 (~150
ral}, neutralized to pH 7 using NaHCO;, and extracted with E6O (3x). The organic lavers
were combined, dried with NaxS04 and concentrated iz vacuo. Evaporation under high
vacuum was necessary o remove a volatile white liquid before purification. The resulting
compound was purified via flash column chromatography ou silica gel (40:60 Et;O hexanes
to 80:20 EtxOrhexanes) to afford a white solid (R3-22b (1.46 g, 2.17 mmol, 28% over 2
steps) as a 3:1 B0 complex. Re= 0.42 (50:50 cthyl acetate:hexanes); 'H NMR (400 MHz,
CDCh)y 6 8.22 (brd, J= 1.7 2H), 7.68-7.70 {4H)}, 7.46-7 .58 (14H), 7.38-7.42 {(6H)}, 7.29~
7.33 (2H), 2.43 (s, 2H), 231 (d, J = 13.7 Hz, 2H), 2.25 (4, 13.7, J = 13.7 Hz, 2H); PC NMR
{100 MHz, CDClz) 8 141.2, 140.9, 140.6, 137.3, 134.3, 132.4, 132.2, 130.4, 130.3, 129.5,
1288, 1284, 127.6, 127.4, 127.3, 1271, 125.6, 124.1, 23.5; mu.p. 344-346 °C; IR (KBr)
3416, 3051, 3021, 2954, 2917, 1628, 1590, 1561, 1486, 1158, 1143, 830, 756, 696 cm™;
HRMS (ESI): Mass calculated for CaeHz40281Na [M+Nal", 669.2220. Found [M+Na]",
669.2207; [ap = -201° {¢c 1.00, CHChL).

General procedure for N-acyl Mannich Reaction: An 8 mi vial was equipped with a

roagnetic stiv bar and screw cap was sealed with a virgin septam, faroe dried vnder vacuum,
purged with Nz, and then placed under a positive pressure of argon. A .10 M stock
solution of the appropriate freshly purified isoquinoline was prepared in toluene which had
been passed through a bed of active alumina and freshly distilled from CaHz.  lsoquinoline
solution (1.0 rul, 0.10 mumol, 1.0 equiv) was transferred to the reaction vial and placed in an
ice bath. A 0.11 M stock solution of the appropriate chloroformate was prepared in toluene.
Chloroformate solution (1.0 mL, 0.11 mmol, 1.1 equiv} was added drop-wise to the cold
isoquinoline solution, the ice bath was removed and the reaction mixture warmed to vt over
30 min. The reaction mixture was diluted with toluene (1.50 mL). A 0.02¢0 M solution of
catalyst (R)-22b was prepared in toluene. The reaction mabxture was cooled in a dry ice
acctone bath, and the catalyst (R)-22b solution (1.0 mL, 0.020 mmels, 0.20 equiv) was

added to the reaction mixture and stirred for S mins. A §.30 M solution of the appropriate
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silyl ketene acetal was prepared 1o foluene, and was added (0.5 wiL, 0.15 romools, 1.5
equivy drop-wise to the reaction mixture, which was immediately transferred to a -53°C
acctone bath equipped with immersion cooling coil or a =35°C freczer. The reaction stirted
for either 6 or 14 h, after which it was gquenched by the addition of NaOMe (0.20 mL of 0.5
M in MeOH). The reaction mixture was filtered through s silica gel plug using ethyl acctate
as the eluent, and solvent was removed in vacuo. The product was isolated via flash column
chromatography on stlica gel using the conditions detailed in the supporting mformation.
Further purification through an activity 11 alumina plug with minimal dichloromethane {~2
ral} as the eluent yiclded the pure product. Enantiomeric ratios were determined by HPLC

analysis under the conditions detailed in the supporting information.

BINOL-Based Stlanediol Synthesis

Studies herein began with the synthesis of S-membered silacycles 21 (Scheme 16).
Following literature protocols {(Takaya H et al,, Org. Syn. 1989, 67, 20-32), 23a (R = H)
was readily converted to 24a. Sulacyclization of 24a attempted under numerous conditions
met with no success. It was reasoned that the difficult preparation of 21a might bic in its low
stability, plausibly due to the location of the silicon in the highly strained 5-membered ring.
t was hypothesized that silancdiol 21h, with phonyl substituents 1o the 3,3 -positions
stabilizing the sifacycle, would be more synthetically accessible. Indeed, silanediol 21b was
prepared in four steps from BINGL. The silacyclization protocol was found to be hithiation
with #-Bul.i followed by reaction with silicon tetrachloride then agueous workup. The

structure of 21b was confirmed by small molecule X-ray crystallographic analysis (Figure

22

Schemme 16, Synthetic Route to Silanediols (3)-21a and {(£)-21b,
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It was discovered that problems inherent to 21 could make its straightforward
synthesis o enantiopure form difficult. Specifically, mtermediate 24a 1s prone to
racemization. While the resolution of racemic 21 is one possible solution, accessing
silanediol catalysts directly in enantiopure form was further investigated.

Given the possible limitations of S-membered silacycles 21, efforts were redirected
to 7-muembered silacycelic silancdiols 22 derived from (R)-2,2 -binaphthlene {e.g., (R)-
BINOL). The advantage of this scaffold is that the chirality of the BINOL starting material
is retained over the course of the synthetic sequence enabling direct access to enantiopure
silanediols, meaning issues with enantiocrosion due to unstable intermediates are avoided.
Starting from (R}-BINOL, a straightforward four-step protocol was cstablished, detailed in
Scheme 17. (R3-BINOL 1s treated with THO, followed by nickel-catalyzed Kumada cross-
coupling with MeMgBr to provide {(R)-2,2"-dimethyl-1,1"-binaphthiene. Deprotonation of
both benzylic methyl groups with #~-BulVTMEDA, followed by quenching with Si(OMe)a,
affords dimethoxysilacycle {(#}-25. Simple hydrolysis with dilute HCI gives silanediol (8)-
22. After ncutralization with sodium bicarbonate, dissolution and concentration from
anhydrous Et{3, the silane diol 22 was obtained as a 2:1 complex with diethyl ether,
Silanediol (B)-22-Et;0 is an air and motsture stable white solid at roorm temaperature that
can be stored on the benchtop for several weeks. Attempts at removing the cthereal solvent
of complexation led to rapid decomposition of the silanediol. Using this procedure,
enantiopure {£}-22 can be produced on a multi gram scale. (The structure of bis-TMS

protected {(8)-22 was confirmed by X-ray crystallographic analysis (Figure 23).
Scheme 17. Synthesis of unsubstituted silanediol (R)-22.
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After successtul synthesis of the unsubstituted silacyclic silanediol (B}-22, the
possibility of adding substitution at various posttions on the binaphthy! back bone was then
investigated. The rationale being that a highly customizable catalyst scaffold will enable
rapid identification of the ideal silanediol catalyst for a given reaction. The synthesis of
catalysts substituted with phenyl groups at either or both the 4, 4 and 6, 6 positions was
then studied.

Scheme 18 outlines the general route to the 4,47,6,6 -tetrasubstituted catalysts.
Drawing from the established protocols (Hu QS et al., J. Org. Chem. 1999, 64, 7528-7536),
(R3-BINOL is bis~-C-hexylated, followed by four-fold bromination and dealkylation with
BBrs to provide (R)}-26. A Suzuki-Miyaura cross-coupling with PhB(OH}: provided the
phenyl substituents. Subsequent trflation of the free alcohols 1o the 2,27 positions enabied a
nickei-catalyzed Kumada cross-coupling with MeMgBr provides access to the (R)-27, the
precursor o silacyclization. Deprotonation of the 2,27 methyl groups, affected with #-Buli
and TMEDA, was followed with the addition of excess Si{OMe)s to give the
dimethoxysilacycle (R}-258h. Simple hydrolysis of (R)-28b with aqueous HCI followed by
treatment with diethyl ether and neutralization then afforded silanediol (B)-22b as a 3:1
complex with EtO. Attempts to confirm the structure of {R3-22b 1n the sohd state led to the

formation of a siloxane trimer (Figure 24).

Scheme 18, Synthesis of 4,4°.6,6"-tetraphenyl substituted stlanediol (R}»-22b.
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Synthesis of the 6,6-dipheny! substituted silancdiol (B}-22¢ proceeded in a similar
fashion as the tetraphenyl substituted variant (Scheme 19). The notable differences being
the regio controlled two-fold bromiuation of the bis-O-cthylated (R)-BINOL jutermediate at
the 6 and 6' positions. A subsequent Suruki-Miyaura cross-coupling gave rise to
mtermediate (R)-28. The deprotection and triflation of the 2,2” hydroxyl groups allowed for
thelr conversion to the requisite methyl group via a nickel-catalyzed cross coupling. The
stlacyclization of (R)-29 occurred under standard reaction conditions to afford
dimethoxysilacycle (R)-25¢. Hydrolysis of (R)-25¢ was achieved under standard conditions

and {R)}-22¢ was isolated as a 2.1 coraplex with EtzO.

Scheme 19. Synthesis of 6,6'-diphenyl substituted silanediol (R)-22¢.

A ‘ Fh o~ A Ph
« ' o ~
O g f CZHE.BF : i BB?’S
NN o BB ~OEL i THhO
PN e, T —" OEt iii MeMgBr
Pa(PPhaj NiCla(dppp)
SN 63% pp N 69% oAy
Ry.
{R)-BINOL (R).28 (Ry.29
PBuLi, TMEDA;
’ . SHOMe}4

Ph. Ph
1M HCH
acetone OMe
i !
then Et,0 Ve
12% for

two steps P oy N
{R)-25¢

Synthesis of the 4,4'-diphenyl substituted silanediol (R)-22d was planned to proceed
in & similar fashion as above, drawing upon lterature precedence (Lec SJ et al,, JACS, 2002,
124, 12948-12949). However, difficultics were encountered in obtaining several of the
intermediates in sufficient purity. Therefore, a different synthetic route to access this
compound was developed. Using a known protocol {Okurna K et al., Chem. Commun. 2812,
48, 1114511147}, reaction of 2-(trimethylsilyhphenyltrifiate with benzoylacetone in the
presence of CsF affords 4-phenyl-2-naphthol (38} in 39% vyield (Scheme 203, Oxidative

coupling with CuTMEDA was followed by resohution with §~{+}-camphorsulfonyl chloride
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to give, after reruoval of the chival auxiliary, enantiopure BINOL (8)-31. As before,
triflation, and Nickel-catalyzed Kumada cross-coupling with MeMgBr provided (R}-32.
After hithiation, silacycle formation and hydrolysis readily afforded the 4,4-diphenyl

substituted silanediol (RB}-22d as a 1:1 complex with ether.

Scheme 20. Synthesis of 4,4'-diphenyl substituted silanediol (8)-224d
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Catalysis with BINOL-Derived Silanediols

With a small faroily of BINOL-based silanediols in hand, the offect of catalyst
structure on activity and stereoselectivity in the addition of silyl ketene acetals to N-acyl
isoquinolinium 1ons was studied. This N-acyl Mannich reaction was selected as the platform
for the structure activity relationship studies as it has been found that silanediols can effect
this transformation, possibly via anion-binding catalysis (Schafer AG er af. dngew. Chem.
Int, Ed 2813, 52, 11321-11324). In general, enantioselective anion-binding catalysis is a
relatively new mode of action for HBD catalysts, and previously only ureas and related
thicureas had been shown to act as catalysts n this fashion (Brak K ef al. Angew. Chem. Int.
Ed. 2613, 52, 534-561).

This M-acyl Mannich reaction systom presented a platform for studying the effect

of substitution patterns on the catalytic ability of the silacyclic catalyst (Table 3). The initial
finding with unsubstituted silanediol (R}-22a gave rise to 33a in 62% vyield in an

enantiomeric ratip of 61:39. Silanediol (RX)-22¢ with phenyl rings solely in the 6,67 positions
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afforded little improvement over this result, leading to 33a in 65% vyield and 20%
enantiomeric excess. On the other hand, adding phenyl rings in the 4,4" positions provided a
sigunificant increase in enantiomeric enrichment. Specifically, catalyst (R)-224d gave rise to
57% of 33a with a 10% improvement in cnantiomeric excess over catalyst (R)-22a. Adding
substitution at the 4,4" and 6,6’ positions, ¢.g. silane diol {R}-22b, atforded 33a mn good
vield with the best enantiomeric ratio (72:28 e.r.). It was impressive that the addition of four
phenyl rings to the 4, 47, 6, 67 positions of the silane diol scaffold was able to more than
double enantiomeric excess compared to substitution only at the 6,6 position as in catalyst

(Ry-22¢.

Tabie 3. Influence of Silanediol Backbone on Enantioselectivity.

O N '\P':O 20 mol-% ;\; ) Me
- N j o silanediol Me
o 7 e JTES o
N ®FOMe '
CE/H\OCHZCCEB / . E,:;O ®
S - 33a
silanediol catalyst: $ P
on (f)-22a oH  (Rr226
it 82% yield P 84% yield
/7 OH 813%er OH 7228 er
best
catalyst
(F)-22¢ (Ry-224
OH 65% yield oH 7% yield
i 60:40 er _\Si‘ 86:34 er
OH UM

Next, it was attempted to alter the reaction conditions to increase both the vield and
enantioselectivity. Beginning with unsubstituted silanediol (R)-22a, the influence of the OR
group of the silyl ketene acetal was evaluated (Table 4). Replacing the TBS group with
TIPS leads to an inerease in e.r. While the ethyl group is tolerated, a slight decrease in

selectivity is observed; an increase in steric bulk to an iPr group prevents conversion under
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the standard conditions. Diluting the reaction five-fold, and extending the reaction time with
50 mol% of silanediol (R}-22b, the c.r. is improved to 89:11. Increasing the catalyst loading

to 100 mol % of (R)-22b does not increase the enantioselectivity.

Table 4. Optimization of N-Acyl Mannich Reaction.

OCH,CClL,
S ol [
. or ¢y e
N Rzeor®as e
* Phive, -78 °C o
O OSiRs /N o
Obe .
CE/U\OCHQCCig E@j 33a & )
cat Conc. yield
g1y , R , (1 , er.
Y (ol %) VG A

1 (R)-22a (20) Me 0025 40 71 6436
2 (R}22a(20) Bt 0025 40 72 61:39
3 (R¥22a420) Py 0025 40 O -

S (Ry225(20) Me 0025 40 3

6 (R:22b(20) Me 00125 40 0 -

7 (R¥22b(50) Me 0025 40 68 7525
8 (R¥22b(50) Me 00125 72 79 7723
9 (R22b(30)  Me 0.005 120 55 8%:11
10 (R)-22b(100) Me 0.005 120 43 8%:11

vield determined by 'H NMR analysis; e.r. determined by chiral HPLC analysis.

With tetraphenyl-substituted silane diol (R)-22b sclected as the best catalyst from
the small series, next the reaction’s sensitivity o other factors, including the effect of the
stiyl group, concentration, and temperature, was investigated (Table 3). In previous work
with the unsubstituted catalyst (R)-22a, it was observed that more bulky silyl ketene acetals
ied to improved cnantiomeric excesses (Schafer AG ef al. Angew. Chem. Int. Ed. 2613, 52,
11321-11324). Herein, the trimethyisiiyl ketene acetal prepared from methyl isobutyrate
performed quite poorly, while the triisopropy! silyl keten acetal afforded 33a in high yield
and good cnantiomeric excess {entrics | and 3 in Table 5). A reaction concentration of 0.02
M in toluene proved to be optimal: 33a was isolated in 69% vyield and 83:17 er {entry 5 in
Table 5). Diluting the reaction from 0.02 M to 0.005 M gave rise to 33a 1o a lower yield and
shightly reduced enantiomeric excess {entry 4 in Tabie §5).

A reaction temperature of -55°C was wdentified as optiraal for both yield and

enantioselectivity (eutries 5-8 of Table 53 At -45°C, 33a was isolated in 55% yield with an
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coantiomeric ratio of 78:22 yuder the nfluence of 20 vo0i% 22b (entry 6 1n Table 5). Ata
catalyst loading of 50 mol%, 33a was isolated in nearly 80% ce at -78°C in 0.005 M

tohuene, although the yield was just 39% after 120 hours (eotry R 1o Table 5).

5 Table 5. Optimization of N-acyl Mannich reaction.
OCH, LG,
20 moi-% “P:OM
(&
N AN Me
¥ PhMe, —XX °C _
OSIR,
Obe
OMe N
Cs/koc%cc;sg R,C;; 3a | |

entry  SiRy  conc. gy temp. (°0)  vield(%)  ©F

1 SiMe, 0.025 -55 68 55:45

) silyi

2 SiMeytBu) 0.025 -55 65 6832 v

3 Bi(iFPr), 0.025 -85 70 7128

Qif i~

4 Si(i-Pri, 0.005 ~55 40 BING oo
5  Si{i-Pr), 0.02 ~55 69 831

&  Si(i-Pr), 0.02 45 55 7822

7 Si(-Pr), 0.02 ~78 56 70:30 lemperature
8> Si(i-Pr); 0.005 ~78 39 89:11

°50 mol % of (Ry.22h added.

With a set of optimal conditions identified, the effect of substituents in the 4,4°.6,6
positions of the BINOL scaffold was re-cvaluated (Scheme 21). The more substituted
10 catalyst (R)-22b was advantageous over the unsubstituted catalyst (R)-22a n terms ot both

vield and enantioselectivity.
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Scheme 21, Comparison of silane diol catalysts (R)-22a to (R)-22b under optimized

reaction conditions.

20 mol-%
L Silanediol
* PhMe, ~55 °C
" OSi{i-Pr),
/U\ e\,/L‘O Me A
Ci OCH,CCly  Me 51% yield; 64:36 er 69 % yield; 8317 er

A short study of the reaction with respect to silyl ketene acetal, acetylating agent and
isoquiniline was also conducted (Table 6). A variety of silyl ketene acetals operated well in
the reaction. For instance, the acctal from ethyl isobutyrate gave rise to 33b in 51% yield
and 72:28 er, while the acetal from isopropyl acetate gave rise to 33¢ tn high yield with
excellent levels of enantiocontrol {52% vield, 80:20 cr). Although the highest cnantiomeric
enrichment was observed with the TROC acylating agent, phenyl chloroformate also
provided an acceptable yield and enantiomeric enrichment of 33d (62% yield, 38% ce).

The addition of av electron~withdrawing fluoro substitucut on the phenyl ting fmaproved
conversion by gave rise to 33e in slightly lower enantiomeric cxcess. The reaction was least
tolerant of substitution patterus on the 1soguinoline; only substitution at the S-position
provided reasonable results. 5-Nitoisoquinoline, S-phenvlisoquinoline and 5-

chloroisoquineline afforded 33g-331 10 modest yield and enantiomenic excess.
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Table 6. Substrate scope of N-acyl Mannich reaction.

20 mol-%
| Ve (R)-22b | S
Ve N L Pive 002 e O
55°C.6h R0 \g
o oTiPs ’ Ry

R 2
Ci/ﬁ\oa 2{ OR3 33
Z

CRORORVROEROEVNENEDOROROROROIEVEORDEDNEDEROROROR IR ORORVEDEVNEVORNORNORNORORORVORORVIEVERT

Silyl Ketene Acstal:

N
“Tron ~Troc
MeO Me 33a 33
51% 52%
80:20 er 80-20 er

XX R N R R R Y E N N R Y E R R Ry Y Y IR E R Y )

Acylating Agent: OMe

OPh
e zad® 33e
56% ( 48%
68:32 er 67:33 or 66:34 &r
fsoquinoiine:
Cl
N N
~" " Troc “Troc “Troc
MeO_ 5-Me Me MeO_ s
me 33g o 33h Me 53
43% 40% 48%
63:37 er 60:31 er 60:40 er

® Yields after column chromatography on silica gel. b_35°C, 14 h.

Silanediol Properties

In order o gain more insight into the salient structural and mechanistic aspects of
these catalysts, absolute values for the p&.s and the binding constants with a variety of
anions, both of which have been shown to be important properties in HBD organocatalysis
reactivity and selectivity (L1 X et al., Chem.—Fur. J. 2810, 16, 450-455), were studied. The

Brodwell method has previously been used to determine the pKes of several urea-based
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hydrogen bond donors (Jakab G ef al. Org. Lot 2812, 14, 1724-1727), the same approach
was used to find the pKLus of achiral di{naphthalen-1-yijsilancdiol 34, (B}-22a, and {R)-22b
{Figure 23). The p&l values of these three representative silanediols were all ~19 10 DMSO.
This is in the same range as Jacobsen’s chiral thiourea, a catalyst able to induce similar
cuantiosclective N-acyl Mannich reactions (Taylor MS ef al. Angew. Chem. Int. Ed. 2805,
41, 6700-6704; Jakab G er al. Org. Lest 2882, 74, 1724-1727). Since both reactivity and
sclectivity are associated with a low pKl, of the HBD catalyst, the fact that the p&, of all
three stlanediols tested was ~19 might indicate a lack of tunability within the catalyst
structure. However, despite similaritics in p&l, the differences n enantioselectivity of N-
acyl Mannich observed between the (R)-22a and (R-22b catalysts suggests that factors
putside of acidity can influence the ability of silane diols to impart sterocontrol over N-acyl
Manuich reactions.

The binding affinities for the same silanediols above (e.g., (R)}-22a and (R)}-22b)
with chloride in CDClz were also determained. Kondo has previously reported the binding
constant between chloride and achiral di{naphthalen-i-ylistlanediol 34 tobe 144 £ 011 X
102 mol-! dm’ (Figure 25) (Kondo S et al.,, Org. Lett. 2686, &, 4621-4624). The binding
constant for (B}-22a and (£}-22b were determined using the same approach as reported by
Kondo et of. (Kondo S ot al,, Org. Lett. 2006, 8, 4621-4624): a 'H NMR titration of the
stlanediols with tetrabutylammonium chloride was conducted and the change in chemical
shift of the O-H protons was measured. From this data, the binding constant of (R)-22a and
(R)-22b were determined to be 2.19 2 0.03 » 10 M~ and 3.10 £ 0.10 = 107 M7,
respectively (Figure 253

Figure 26 illustrates the 'H NMR tifration of (R}-22b with tetrabutylammoniurm
chloride. The binding stoichiometry was determined to be 1:1 silanediol:chioride as can be
seen from the maximum at ~ 0.5 in the Job's plot (Figure 27},

Solid state data regarding the sllanediols bound with both auvtons alone (Kondo S ef
al. Org. Lets. 2806, 8, 4621-4624) and with isoquinolinium ion pairs also support their
anion-binding mode of action and offers tnsight into potential non-covaleut interactions
supporting the transition state of the major reaction pathway. The crystal structure of the bis
TMS ether (R)-22a 1s shown in Figure 23, Additionally, a single crystal of an ion paw
composed of di{naphthalen-1-yljsilanediol 34 and the HCI salt of isoquinoline was obtained
{(Figure 28} (Schafer AG et al. Angew. Chem. Int. Ed. 20813, 52, 11321-11324).

All of the evidence taken together strongly suggests an anton-binding mode of

catalysis (Figure 29). The proposed reaction pathway begins with in situ formation of the
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acyl isoquinoline (A). The silane diol catalyst is theu able to encourage formation of the
isoquinolinium ion-pair B through hydrogen bonding to the chloride. Formation of the
carbon-carbon bond occurs upon reaction of B with the silyl keteuve acetal to yield won pair
. The desilylation of the oxocarbenium ion with chloride then generates the product and
frees the stlanediol to nitiate another reaction.

Conclusions

To conclude, a class of anion-binding organocatalysts that efficiently catalyze
enantioselective N-acyl Mannich reactions was developed. These modifiable silanediols are
readily prepared in cnantiopure forrm and arc bench stable indetinitely. The studies hercin
further suggest a network of noncovalent 1nteractions such as - 1, n~cation, hydrogen
bonding and electrostatic forees can contribute to the stabilization of the transition state
leading to the major enantiomer.

Throughout this application, various publications are veferenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this
application in order to more fully describe the state of the art to which this invention
pertains.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the scope or spirit of the
mvention. Other cmbodiments of the mvention will be apparcat to those skilled in the art
from consideration of the specification and practice of the fnvention disclosed heremn. Itis
intended that the specification and examples be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the folowing claims.
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CLAIMS
What is claimed 1is:

I A compound defined by Formula ©:

wherein

n=%{orl;

m={0orl;

R'and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalleyl;

RZ, R RY RS RO, RY,RY,RY, RY and RY are each independently chosen from
hiydrogen, halogen, hydroxy, substituted or unsubstituted amino, silyl, thiol,
substituted or unsubstituted thioalkyl, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or vosubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleyeloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alikoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted heteroarvl, or wherein, as valence and stability
permit, independently R? and R, R* and R4, R* and R, R’ and R®, R? and RY,
RY and RY, RY and RY, R and R®, or R? and R”, together with the ators to
which they are attached, form a 3-10 membered substituted or unsubstituted
cychc moiety optionally including between 1 and 3 heteroatoms;

R’ and R” are each independently chosen from H, OH, and halogen;

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,

substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
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3

(a2

substituted or unsubstituted cycloalkyl, substituted or unsubstitute
alkylcycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstifuted alkylheterocycloalkyl, substituted or unsubstituted atkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted heteroaryl; and

RY is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substituied or unsubstituted thicalkyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkylcycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstifuted alkylheterocycloalkyl, substituted or unsubstituted atkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted heteroaryl;

or wherein, as valence and stability permit, R® and R?, together with the atoms to
which they are attached, form a 7-9 membered silacyele;

with the proviso that when R® and R?, together with the atoms to which they are
attached, form a 7-membered silacycle, RY, RY, RER7 and R¥-R7 arc not all H

and R? and R? are not both phenyl.

The compound of claim |, wherein when R® and R, together with the atoms to
which they are attached, form a 9-membered silacycle, R}, R*, R>R” and R*-R" are

not all H.

The compound of claim 1 or 2, wherein when R® and R’, together with the atoms to
which they are attached, form a 9-membered silacycle, R* and R'” are not both -CHx;

and R*-R7 and RY-R7 are not all H.

The compound of any of claims 1-3, wherein when R® and R®, together with the
atoms to which they are attached, form a S-membered silacycle, RY, RV, R*-R7 and
RY-R7 are not all H and R? and R? arc not both chosen from the moicties shown
below.

CF,

5 =0
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6.

3

10.

The corapound of any of claims 1-4, wherein R! and RY are chosen from hydrogen

and ~CHs.
The compound of any of claims 1-5, wherein R’ and R" are both hydrogen.

The compound of any of claims 1-6, wherein R? and R* are individually chosen
from hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituied alkytheterocycloalkyl, substituted or unsubstituted alkylaryi,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheterparyl, or

substituted or unsubstituted heteroaryl.

- ~ - ~ . - 2 .
The compound of any of claims 1-7, wherein R® and R° arc independently chosen

from the moicties shown below

e
H / /' Y
‘ R ’ { )p,and (= o

wherein EDG represents an electron donating group and EWG represcuts an

clectron withdrawing group, and

pis chosen from 1,2, 3,4 and 5.

The compound of any of claims 1-8, wherein R? and RY are individually chosen
from hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalioyl, substituted or unsubstituted alloylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted heteroaryl

The compound of any of claims 1-9, wherein R? and R are independently chosen

from the moieties shown below
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i1

13.

14.

[
(921

i6.

wherein EDG represents an electron donating group and EWG represents an
electron withdrawing group, and

pis chosen from 1, 2, 3, 4 and 5.

The compound of any of claims 1-10, wherein R* and R* are independentiy chosen

trom hydrogen, hydroxy, and halogen.

The compound of any of claims 1-11, wherein R® and R® are individually chosen
from hydrogen, substituted or unsubstituted cycloalkyl, substinited or unsubstituted
alkyleycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
ansubstituted abloytheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted heteroaryl.

The compound of any of claims 1-12, wherein R” and R® are independently chosen

from the moicties shown below

wherein EDG represents an electron donating group and EWG represents an
clectron withdrawing group, and

yis chosen from 1, 2, 3, 4 and 5.
b M

The compound of any of claims 1-13, wherein R® and R® are independently chosen

from hydrogen, hydroxy, and halogen.
The compound of any of claims 1-14, wherein R” and R” are both hydrogen.

The compound of any of claims 1-15, wherein R® and R are individually chosen

from substituted or unsubstituted cycloalkyl, substituted or unsubstituied
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[
~J

18.

19.

alkvicycloalkyl, substituted or unsobstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstifuted arvl, substituted or unsubstituied alkylheteroaryl, or

substituted or unsubstituted heteroaryl.

The compound of any of claims 1-16, wherein R® and R” are independently chosen

frorn the moieties shown below

=

N

=
IO
l
N # and

wherein EDG represents an electron donating group and EWG represents an

EWG),

9

electron withdrawing group, and

pis chosen from 1, 2, 3, 4 and 5.

The compound of any of claims ¥-17, wherein the electron donating group is
selected from hydroxy, substituted or upsubstituted amino, substituted or
unsubstituted amido, substituted or unsubstituted alkyl, substituted or unsubstituted

alkoxy, and substituted ot unsubstituted aryl.

The compound of any of claims 8-18, wherein the electron withdrawing group is

selected from nifro, cyanoe, and trihalides.

The compound of any of claims 1-19, wherein the compound ts defined by Formula

It

wherein

n=0or1;
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m=forl;

R'and R' are each independently chosen from H and substituted or unsubstituted
Ci-Caalleoyl;

RZ RN R RS RS, RY,RY, RY,RY, and R® are each independently chosen from
hydrogen, halogen, hydroxy, substituted or unsubstituted amino, silyl, thiol,
substituted or unsubstituted thioallkyl, substituted or unsubstituted alloyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkcylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted heteroaryl, or wherein, as valence and stability
permoit, independently R? and R, R® and R4, R* and R%, R and RS, R? and R”,
RY and RY, R* and RY, or R¥ and RY, together with the atorus to which they are
attached, form a 3-10 mernbered substituted or unsubstituted cyclic moiety
optionally including between 1 and 3 hetercatoms; and

R7and R7 arc each independently chosen from H, OH, and halogen;

with the proviso that when n=0 and m=0, R', RV, R*-R7 and R¥-R” are not all H and

R% and R? are not both phenyl.

21, The compound of claim 20, wherein when nis 1 and mis §, RY, RV, R*-R7 and R?-

R” are not all H.

22. The compound of claim 20 or 21, wherein when nis Land mis 1, Rb and RY are
both ~CHs; and R*-R7 and R¥-R7 are not all H.

23 The compound of any of claims 20-22, wherein whennis 1 and mis 1, R/, RV, R
R7 and RY-R7 arc not all H and R? and R? arc not both chosen from the moictics
below:

CF,
CF,
24.  The compound of any of claims 20-23, whereinnis 1 and mis 1.
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25, The compound of any of claims 20-24, wherein the compound is defined by

Formula U

wherein

n=4gorl;

m={ori,

R' and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl; and

R?, R, R RY, RY, and R¥ are cach independently chosen frorn hydrogen, halogen,
hydroxy, substituted or unsubstituted amine, silyl, thiol, substituied or
unsubstituted thioalkyl, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted cycloaltkyl, substituted or unsubstituted alkyleycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted altkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted abiytheteroaryl, or substituted or
unsubstituted heteroaryl, or wherein, as valence and stability permit, R? and R,
and/or R? and RY, together with the atoms to which they are attached, form a 3-
10 membered substituted or unsubstituted cyclic moiety optionally including
between 1 and 3 heteroatoms;

with the proviso that when n=0 and m=0, R’, RY, R, R°, R, and R* are not all H,

and R? and R? are not both phenyl.

26.  The compound of claim 25, wherein the compound 1s defined by Formula Hia:
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wherein

R'and R are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkyl; and

R? R, R RY RY, and RY are each independently chosen from hydrogen, halogen,
hyvdroxy, substituted or unsubstituted amine, silyl, thiol, substituied or
unsubstituted thioalkyl, substituted or unsubstitited alloyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alloylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkytheteroaryl, or substituted or
unsubstituted heteroaryl, or wherein, as valence and stability permit,
independently R? and R?, and/or R? and R* together with the atoms to which
they are attached, form a 3-10 membered substituted or unsubstituted cyclic

moicty optionally including between 1 and 3 heteroatoms.

27.  The compound of any of claims 20-25, wherein the compound is defined by

Formula IV

wherein
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n=Gorl;

m=0orli;

R and R are each independently chosen frova H and substituted or unsubstituted
Ci-Cqalkyl; and

RS, R%, RY, and RY are cach independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or
unsubstituted thicalkyl, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloallkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkylhetercaryl, or substituted or

unsubstituted heteroaryl.

28, The compound of claim 27, wherein the compound is defined by Formuls [Va:

wherein

R'and R are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkyl; and

RY, K%, RY, and R¥ are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or
unsubstituted thioalkyl, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted

alkylheterocycloalkyl, substituted or unsubstituted alloylaryl, substituted or
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unsubstituted aryl, substituted or unsubstituted alkytheteroaryl, or substituted or

unsubstituted heteroaryl.

29, The compound of claim 27 or 28, wherein the compound is defined by the formulda:

g
HO’/ \OH

30, The compound of claim 27 or 28, wherein the compound is defived by the formula:

31, The compound of any of claims 20-26, wherein the compound 1s defined by

Formula V:

wherein

n=0orl;

m=0or i

R'and R are each independently chosen from H and substituted or unsubstituted

Ci-Cyalkyl; and
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RY and RY are each independently chosen from hydrogen, balogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyi,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or

unsubstituted alkylhetcroaryl, or substituted or unsubstituted heteroaryl.

32.  The compound of claim 31, wherein the compound 18 defined by Formula Va:

wherein

R' and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl; and

R* and R? are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or vosubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or

unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

33, The compound of claim 31 or 32, wherein the compound ts defined the formula:
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i
Ho OH

34, The compound of claim 31 or 32, wherewn the compound is defived by the formula:

g
H,eo OCH,

[oW)
Wy

The compound of any of claims 20-26, wherein the compound is defined by

Formula VI

wherein

n=0orl;

m=forl;

R'and R' are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl; and

R and R® are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thicalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyi,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,

substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
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or unsubstituted alkvlaryl, substituied or unsubstituted aryl, substituted or

unsubstituted allcyltheteroaryl, or substituted or unsubstituted heteroaryl..

36.  The compound of claim 35, wherein the compound is defined by Formula Via:

wherein

R'and RY are each independently chosen from H and substituted or unsubstituted
Ci-Cqalkyl; and

R® and R are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituied alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkvlaryl, substituied or unsubstituted aryl, substituted or

unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

37.  The compound of claim 35 or 36, wherein compound is defined be the formula:

38.  The compound of claim 35 or 36, wherein the compound is defined be the formula:
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Si
.o OCH,

39.  The compound of any of clairus 20-26, wherein the compound 1s defined by

Formula VI

wherein

n=4gorl;

m=0or

R'and RY are each independently chosen from H and substituted or unsubstituted
Ci-Cqalkyl; and

R? and R? are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituied alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitute
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkvlaryl, substituied or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl;

with the proviso that when n=0 and m={, R!'and R! are both H and R? and R? are

not both phenyl.

44.  The compound of claim 39, wherein the compound is defined by Formula Vila:
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YViis

wherein

R and R are each independently chosen frova H and substituted or unsubstituted
Ci-Cqalkyl; and

R? and R? are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thicalkyl, substituted or unsubstituted alloyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyl,

substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,

substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted

or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or

unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl.

41, The compound of any of claims 20-26, wherein the compound is defined by

Formula VL

wherein

n=80ori;

m=@orl,and

R' and RY are each independently chosen from H and substituted or unsubstituted

Ci~-Caalkyl

42, The compound of claim 41, wherein the compound is defined by Formula Viiia:
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44,

45.

46.

AASE
R0 OR'

Viiia
wherein
R and R are each independently chosen frova H and substituted or unsubstituted

Ci-Caalkoyl,

The compound of claim 41 or 42, wherein the compound is defined by the formula:

5
no OH

The compound of claim 41 or 42, wherein the compound 1s defined by the formula:

S
Hyco OCH,

The compound of any of claims 20-44, wherein the compound is a complex with

diethyl cther.

The compound of claim 45, wherein the compound 1s a 2:1 complex with diethyl

ether,

The compound of any of claims 1-19, wherein the compound s defined by Formula

IX:
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wherein

n=0orl;

m=0or i

R'and R are each independently chosen from H and substituted or unsubstituted
C1-Cq alkyl;

R2, R R R?,RY, and RY are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amino, silyl, thiol, substituted or
unsubstituted thioalkyl, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted alkyleycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alloylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkythetercaryl, or substituted or
unsubstituted heteroaryl, or wherein, as valence and stability permit,
independently R? and R® R* and R, or R* and R®, together with the atoms to
which they are attached, form a 3-10 membered substituted or unsubstituted
cyclic moiety optionally including between 1 and 3 heteroatoms; and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleyeloaliyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alikoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted heteroaryl; and
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R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
sityl, thiol, substituted or unsubstituted thicalkyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkeuyl, substituted or unsubstituted alkyunyl,
substitiited or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted heteroaryl.

48.  The corapound of any of clatras 1-19, wherein the compound is defined by Formula

X

wherein

n=0orl;

m={ori,

R' and R' are each independently chosen from H and substituted or unsubstituted
Ci-Cq alkyl;

RY, K%, RY, and R¥ are each independently chosen from hydrogen, halogen,
hyvdroxy, substituted or unsubstituted amine, silyl, thiol, substituied or
unsubstituted thioalkyl, substituted or unsubstitited alloyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkytheteroaryl, or substituted or

unsubstituted heteroaryl; and
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RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or vosubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleyeloaliyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alikoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted heteroarvl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
sityl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or vosubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alikoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted heteroaryl.

49.  The compound of any of claims 1-19, wherein the compound is defined by Formmla

XI:

X

wherein

n=80ori;

m={ori,

R' and R are cach independently chosen from H and substituted or unsubstituted
Ci~Cqalkyl;

R* and R? are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted

thioalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
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substituted or unsubstituted alkynyl, substituted or vosubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyleycloalkyl, substituted or unsubstitute
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted aliylheteroaryl, or substituted or unsubstituted heteroaryl; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkylcycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstifuted alkylheterocycloalkyl, substituted or unsubstituted atkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted heteroaryl; and

RY is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substituied or unsubstituted thioalkyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstifuted alkylheterocycloalkyl, substituted or unsubstituted atkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or

substitated or unsubstituted heteroaryl,

50.  The compound of any claims 1-19, wherein the compound is defined by Formula

KH:

wherein
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n=Gorl;

m=0orli;

R and R are each independently chosen frova H and substituted or unsubstituted
C1-Cq alkyl;

R and R are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thicalkyl, substituted or unsubstituted alloyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alloynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleyeloaliyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alikoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted heteroaryl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substituted or unsubstituted thioalkyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleyeloaliyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alikoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylhetercaryl, or

substituted or unsubstituted heteroaryl.

L
i

The compound of any of claims 1-19, wherein the compound 1s defined by Formula

X
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wherein

n=4gorl;

m={ori,

R' and RY are each independently chosen from H and substituted or unsubstituted
Ci-Caalkyl

R” and R? are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thioalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or vosubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyleyeloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstituted aliylheteroaryl, or substituted or unsubstituted heteroaryl; and

R® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substitated or unsubstituted cycloalkyl, substituted or unsubstitute
alkylcycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstifuted alkylheterocycloalkyl, substituted or unsubstituted atkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or
substituted or unsubstituted heteroaryl; and

RY is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substituied or unsubstituted thioalkyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted

alkylcycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
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unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylhetercaryl, or

substituted or unsubstituted heteroaryl.

52, The compound of any of claims 1-19, wherein the compound s defined by Formula
XiV:
XV
wherein
n=0orl;

m=0ori; and

R'and R are each independently chosen from H and substituted or unsubstituted
Ci-Cyalkyl; and

RS is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or vosubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alloytheteroaryl, or
substituted or unsubstituted heteroarvl; and

R’ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted amino,
silyl, thiol, substitited or unsubstituted thicalkyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or vosubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alloytheteroaryl, or

substitiited or unsubstituted heteroaryl.
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53.  The compound of any of claims 48-52, wherein m is 0 and R’ is substituted or

unsubstituted aryl.

54,  The compound of any of claims 48-53, wherein R is chosen from the moicties

. = N
I N E \\\t EDG\ @.E\\M ~
X W ’ (5% and { 'V(-“}p;

wherein EDG represents an electron donating group and EWG represents an

shown below

electron withdrawing group, and p is chosen from 1, 2,3, 4 and 5

55.  The compound of any of claims 48-54, wherein the compound is
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56. A compound defined by Formula XV:

R1e R17 R17 g6

12

=13 5 13
Rmof ‘ ~R18
RIS
XV
wherein
n=%{orl;

R' and RY are cach independently chosen from H and substituted or unsubstituted
Ci-Caalkyl

RILR RV RM RS RS RV R RV R R R and RY are cach
independently chosen from hydrogen, halogen, hydroxy, substituted or
unsubstituted aming, silyl, thiol, substituted or unsubstituted thicalkyl,
substituted or unsubstituted alkyl, substitoted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkylcycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkvlaryl, substituted or unsubstituted aryl, substituted or
unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryl, or
wherein, as valence and stability permit, independently RM and R'2, R'? and RV,
R and ' R and RY, RP and R, R'® and RV, R'? and R'*, k™ and R'Y,
R¥ and R, RY and RS, or RY and R, together with the atoms to which
they are attached, form a 3-10 membered substituted or unsubstituted cychic
moicty optionally mcluding between 1 and 3 heteroatorus; and

R is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalloyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkylcycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl,
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60.

61,

62.

64,

63.

66.

67.

substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted hetercaryl.

The compound of claim 56, wherein R'? and R* are chosen from hydrogen and

~-CHs.

The compound of any of claims 56 or 57, wherein R is sefected from hydrogen,
3 o b4 o - g

hydroxy, and halogen.

The compound of any of claims 56-58, wherein R' and R'? are independently

chosen from hydrogen, hydroxy, and halogen.

The compound of any of claims 56-59, wherein RY and R'Y are independently

chosen from hydrogen, hydroxy, and halogen.

The corapound of any of claims 56-58, wherein R!? and R together with the atorus
to which they are attached, form a 5-7 membered substituted or unsubstituted cyclic

moicty optionally mncluding between 1 and 3 heteroatoms.

The compound of claim 61, wherein R*? and RP together with the atoms to which
4

they are attached, form a substituted or unsubstituted phenyl moiety.

The compound of any of claims 56-58 or 59-60, wherein R'*" and R'* together with
the atoms to which they are attached, form a 5-7 racmbered substituted or

unsubstituted cyclic moiety optionally including between 1 and 3 hetercatoms.

The compound of claim 63, wherein R'Y and R together with the atoms to which

they are attached, form a substituted or unsubstituted phenyl moiety.

The compound of any of claims 56-64, wherein R'* and R are independently

chosen from hydrogen, hydroxy, and halogeu.

The compound of any of claims 56-65, wherein R and R'¥ are independently

chosen from hydrogen, hydroxy, and halogen.

The compound of any of claims 56-66, wherein R and R'® are independently

chosen frow hydrogen, hydroxy, and halogen.
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68.  The compound of any of clairs 56-67, wherein R and R are individually chosen
from hydrogen, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalkyl, substituted or unsubstituted heterocycloaliyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylhetercaryl, or

substituted or unsubstituted heteroaryl,

69.  The compound of any of claims 56-68, wherein R and R'” are independently

chosen from the moictics shown below

A )
’ < y
A O, O
| N Lo
\l PERNG I CEYY Y

wherein EDG represents an clectron donating group and EWG represents an

electron withdrawing group, and

pischosen from 1,2, 3,4 and 5.

The compound of any of claims 56-69, wherein R'® is chosen from substituted or

-3
&

ansubstituted cycloalkyl, substituted or unsubstituted alkyleoycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl,
substituted or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted

or unsubstituted alkylheteroaryl, or substituted or unsubstituted heteroaryt.

-3
k.

The compound of any of claims 56-70, wherein R'® is chosen from the moieties

7 |
= o = Za
@ l E \\\I ED \ \\Q&\!‘EE\\AI\
NP NS TEDS, | VENS),

wherein EDG represents an electron donating group and EWG represents an

shown below

electron withdrawing group, and pis chosen from 1, 2, 3, 4 and 5.

72 The compound of any of claims 56-71, wherein the compound is defined by

Formula XVa:
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wherein

n=4gorl;

R'% and RY are each independently chosen from H and substituted or unsubstituted
Ci~Cqalkyl;

RZ RP RY R RY, and R'7 are each independently chosen from hydrogen,
halogen, hydroxy, substituted or unsubstituted amine, silyl, thiol, substituted or
unsubstituted thioalkyl, substituted or unsubstitited alkoyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkvl, substituted or unsubstituted alkoxy, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alkytheteroaryl, or substituted or
unsubstituted heteroaryl, or wherein, as valence and stability permit,
independently R*? and R, or R™ and R, together with the atoms to which
they are attached, form a 3-10 membered substituted or unsubstituted cyclic
moicty optionally including between 1 and 3 heteroatoms; and

R'™ is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,

substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,

substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkoylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alicylheteroaryl, or

substitiited or unsubstituted heteroaryl.

73.  The compound of claim 72, wherein the compound is defined by Formula XVb:
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wherein

n=Gorl;

RY and R' are each independently chosen from H and substituted or unsubstituted
Ci-Caalleyl;

R and R'7 are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thicalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkvlaryl, substituted or unsubstituted aryl, substituted or
unsubstifuted alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalloyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkylcycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstifuted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted hetercaryl.

74, The compound of claim 73, wherein the compound is defined by the formula:
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7S. The compound of claim 72, wherein the compound s defined by Formula XVe:

RY7 RV

\ i 13
R0 E ‘18
RO
XV¢
wherein
n=%{orl;

R' and RY are cach independently chosen from H and substituted or unsubstituted
Ci-Caalkyl

R R, RY and RY are each independently chosen from hydrogen, halogen,
hydroxy, substituted or unsubstituted amine, silyl, thiol, substituied or
unsubstituted thioalkyl, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or
unsubstituted cyeloalkyl, substituted or unsubstituted alkyleyeloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubstituted
alkylheterocycloalkyl, substituted or unsubstituted altkylaryl, substituted or
unsubstituted aryl, substituted or unsubstituted alicytheteroaryl, or substituted or
unsubstituted heteroaryl, or wherein, as valence and stability permit, R and R'?,
together with the atoros to which they are attached, form a 3-10 membered
substituted or unsubstituted cyclic motety optionally including between 1 and 3
heteroatoms; and

R'® is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalkyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkyleycloalioyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstituted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted heteroaryl.

76, The compound of claim 75, wherein the compound is defined by Formula XVd:
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~1

>

~}

wherein

n=Gorl;

RY and R' are each independently chosen from H and substituted or unsubstituted
Ci-Caalleoyl;

R and R'7 are each independently chosen from hydrogen, halogen, hydroxy,
substituted or unsubstituted amino, silyl, thiol, substituted or unsubstituted
thicalkyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted haloalkyi,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted alkyicycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted alkylheterocycloalkyl, substituted
or unsubstituted alkylaryl, substituted or unsubstituted aryl, substituted or
unsubstifuted alkylheteroaryl, or substituted or unsubstituted heteroaryl; and

R'? is chosen from hydrogen, halogen, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted haloalloyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
alkylcycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted alkylheterocycloalkyl, substituted or unsubstituted alkylaryl,
substituted or unsubstifuted aryl, substituted or unsubstituted alkylheteroaryl, or

substituted or unsubstituted hetercaryl.
A catalytic composition comprising a compound defined by any of claims 1-76.

A method of performing a reaction selected from
{(ay a nucleophilic conjugate addition reaction, in which a first organic species
comprising a nitroalkenc reacts with a second organic specics comprising &

nuclcophile to provide a product; or
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79.

80,

81,

82.

84.

{b) an acyl Manuich type reaction in which a first organic species comprising an
amine reacts with a second organic species comprising a carbonyl containing
compound to provide a product;

{c} an epoxide ring opening reaction, in which a first organic specics comprising an
epoxide reacts with a sccond organic species comprising a nucelophile to
provide a product;

() a scquestration of carbon dioxide reaction, in which a first organic species
comprising carbon dioxide reacts with a second organic species comprising a
reservolr to provide a product;

the method comprising contacting the first organic species and the second organic
species with a catalytically effective amount of a compound defined by any of
clatms 1-76 or the catalyst coroposition defined by claimn 77 under conditions

effective to form the product.

A method of detecting an analyte comprising contacting the analyte with a
compound defined by any of clairus 1-76, and evaluating an optical property of the

compound to detect, identify, or quantify the analyte.

The method of claim 79, wherein the optical property of the compound comprises

lurminescence.
The method of claim 79 or 80, wherein the luminescence comprises fluorescence,

The method of any of claimns 79-81, wherein the optical property includes a change

i the fluorescence of the compound upon contacting the analyte.

The method of any of clairas 79-82, wheremn the analyte comprises a chiral

compound.

The method of any of claims 79-83, wherein the analyte comprises an anion.
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9a WITH 8-TMS, 20 mol% R-3

DEFAULT REPORT
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o o
= —+ k‘n.— -+ a-
1 A 4 _—— }

FIG. 1
9a WITH 8-TBS, 20 mol% R-3

DEFAULTREPORT
EAKF] TINEmin] | AREALVs] | HEGHTCuoV] | ARGATAT [ NORM.AREATKTT L] AREN/HEIGHTLS] |
T m WS et 404 404 B 351304
) TbM DII066E  TM%edb 588 B8 BB 9046

—16.4

— — 1.1

o o
- —+ kn.— —+ a-
L L.l L L

FIG. 2
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9a WITH 8-TIPS, 20 mol% R-3

DEFAULT REPORT
PEAKE| TIME[min] | MREALwals] | HEGHT[wa¥] | AREAL'] | NORM. AREAL]| BL|  AREA/HEIGHTS] |
] 12812 403514986 0063539 3048 348 BB 120056
! 15.575 8069534.84 uIne 6352 6352 BB 3075

= 7

FI6.3
9a WITH 8-TIPS, 100 mol% R-3

DEFAULT REPORT
PEAKE| TIMELmin] | AREALYs] | HEIGHT [yaV] | AREAL'T | NORM.AREAL%] | BL|  AREA/HEIGHTI] |
] 1413 121693.4 10938542 31.26 326 BB 119
1 17.693 5324340.30 17973969 6874 6874 BB 09,6125

T T

- A AW %} \:‘

FI6.4
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WO 2015/157765
9b WITH 8-TIPS, 20 mol% R-3
DEFAULT REPORT
PEAK#I TIME[min] | AREA[uV-s]I HEIGHT [V IAREA[%] | NORM. AREA[%]I BLI AREA/HEIGHT[s]I
] 12457 13459602.16 1.01e+06 1)) 37 B BI815
1 18.256 3948322546 910085.55 0273 6273 BB 43.3841
= 7
FIG. 5
9h WITH 8-TBS, 20 mol% R-3
DEFAULT REPORT
PEAK#I TIME[min] | AREA[uV-s]I HEIGHT [V IAREA[%] | NORM. AREA[%]I BLI AREA/HEIGHT[s]I
] 14.486 1541333.63 62017.62 1.4 143 BB 24.8532
1 0N 2178579.89 55209.36 58.57 5857 BB 475

- 1449
- 1nn

|

)

-

:L'l'P

P .

FIG. 6
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9¢ WITH 8-TIPS, 20 mol% R-3
DEFAULT REPORT
PEAKE| TIMELmin] | AREALuuYs] | HEIGHT [ya] | AREAT'] | NORM.AREAL%] | BL|  AREA/HEIGHTI] |
] 11.360 2698375.00 13335593 3% 39 BB 20.2344
1 1703 52479%.32 16938543 66.04 66.04 BB 30.9826
T =
r =\ :JE
FI6.7
9¢ WITH 8-TBS, 20 mol% R-3
DEFAULT REPORT
PEAKF] TNEmin] | AREALuVs] | WEIGHT[uY] | AREATS] | NORMLAREALA] [ BL]  AREAMEIGHTLS]
] 13.29 471309397 20020082 3945 045 BB 12,6366
1 20475 1231536.4 18781449 60.55 6055 BB 34.5090

- 1330
- 1048

1P
P
1P

FIG. 8
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9d WITH 8-TIPS, 20 mol% R-3

PCT/US2015/025587

DEFAULT REPORT
PEAK#I TIME[min] | AREA[MV-s]I HEIGHT [V IAREA[%] | NORM. AREA[%]I BLI AREA/HEIGHT [s]|
] 15.660 11867230.28 30940958 58.29 5829 BB 38.354
1 12008 8492804.29 170617 58 4171 171 BB 0717
= =
T A . =\ 1.\ -
Fic. 9
9d WITH 8-TIPS, 20 mol% R-3
DEFAULT REPORT
PEAK#I TIME[min] | AREA[uV-s]I HEIGHT [V IAREA[%] | NORM. AREA[%]I BLI AREA/HEIGHT [s]|
] 16.220 39139450.27 1.24e+06 74.94 7494 BB 31.6089
1 23,048 13091334.15 196417 46 25,00 2500 BB 44,1052
n =
FI6. 10
5/17
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rac-9a

DEFAULT REPORT
PEAKE| TIME[min] | MREALwals] | HEGHT[wa¥] | AREAL'] | NORM. AREAL]| BL|  AREA/HEIGHTS] |
] 13.0% 711427178 1139 4993 993 BB 24.2961
1 16.288 713404106 BasITer 5007 507 BB 30.3812

? 3

A &7 ‘“‘*\‘“

FIG. 11
rac-9b

DEFAULT REPORT
PEAKE| TIMELmin] | AREALuYs] | HEIGHT[yaV] | AREAL'T | NORM.AREAL%] | BL|  AREA/HEIGHTI] |
] 13.610 179197849 1041837 50.60 5066 BB 128515
1 20576 174500417 M3 9.4 0934 BB 35.7746

- 1361
—10.58

|

[ - = [ - .
- +J L‘ - -
1 1 - 1

J n 1 11 1 -==="1

FIG. 12
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rac-9c

DEFAULT REPORT
PEAKE| TIME[min] | MREALwals] | HEGHT[wa¥] | AREAL'] | NORM.AREAL]| BL|  AREA/HEIGHTS] |
] 12806 4458550.77 0404709 5001 501 B8 11.8500
1 19475 4456804.12 12360651 4999 1999 BB 36.0564

= T

T il | A B W

FIG. 13
rac-9d

DEFAULT REPORT
PEAKE| TIMELmin] | AREALuYs] | HEIGHT [yaV] | AREAL'T | NORM.AREAL%] | BL|  AREA/MEIGHTI] |
] 16.113 16281303.05 64209557  49.96 4996 BB 84447
1 10 1830878448 43044429 5004 5004 BB 19.5346

- 1611
-5

) k‘“ =)\

fI6. 14
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ENANTIOPURE Bis(TMS) DERIVATIVE OF SILANEDIOL -3

DEFAULT REPORT
PEAK#I TIME[min] | AREA[MV-s]I HEIGHT [V IAREA[%] | NORM. AREA[%]I BLI AREA/HEIGHT[s]I
] 11.550 nn 40.3 0.00 000 BB 0.5635
1 15522 2194108834 845486.56 100,00 10000 BB 25.9508
= 5
FIG. 15

rac-Bis(TMS) DERTVATIVE OF SILANEDIOL R-3

DEFAULT REPORT
PEAKE|  TIME[min] | AREA[ua¥s] | HEIGHT[uaY] | AREAC'S) | NORM.AREAT%] | BL|  AREA/HEIGHTS] |
I 11153 598799101 36670280 4972 £71 BB 16.3293
! 13671 6035330.74 B33 5008 5028 BB By

- 1115
- 1567

FIG. 16
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$2 WITH S1, 20 mol% R-3
DEFAULT REPORT
PEAKE| TIME[min] | MREALuYs] | WEIGHT[waV] | AREAT'] | NORM.AREAL%]| BL|  AREAVHEIGHTS] |
] 13820 13364166.23 5004443 5114 5.4 BB 20.2844
1 18.160 10022876.66 20925351 4286 128 BB J1.041
T3
T ) k‘“ NS
FI6. 17
rac-S2
DEFAULT REPORT
PEAKE| TIMELmin] | AREACYs] | HEIGHT[uaV] | AREAL] | NORM. AREAL%] [ BL|  AREA/HEIGHTS] |
] 14128 5945417 46 26465838 5018 5.8 BB 124645
1 18.780 5903297.09 17353100 4942 4981 BB 340187

- 1413
- 1878

|

\x 3\~

FIG. 18
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Box No. Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. K{ Claims Nos.: 4-55, 59-84
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. [II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)’

This International Searching Authority found mulliglé inventions in this international application, as follows:

Claim 1 has been analyzed subject to the restriction that the claim reads on the compound defined by instant Formula 1 as described in
the Lack of Unity of Invention (See Extra Sheet). The claims are restricted to a compound defined by instant Formula I: wherein n is 0; m
is 0; R1 and R1' are each independently H; R2, R3, R4, R5, R6, R2', R, R4", R&’ and R6’ are each independently hydrogen; R7 and
R7’ are each independently H; R8 is hydrogen; R9 is hydrogen.

<See Extra Sheet>

1. l:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
- claims.

2. [:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [:] As only some of the required additional search fees were timely paid by the applicant, this international scarch report covers
only those claims for which fees were paid, specifically claims Nos.: -

4. . No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: :

1

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. -

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: Claims 1-3 are drawn to a compound defined by Formula I.
Group II: Claims 56-58 are drawn to a compound defgned by Formula XV.

The first invention of Group I+ is restricted to a compound defined by Formula |: wherein n is 0; mis 0; R1 and R1’ are each '
independently H; R2, R3, R4, R5, R6, R2’, R3', R4’, R5' and R6' are each independently hydrogen; R7 and R7' are each independently

H: R8 is hydrogen; R is hydrogen. It is believed that claim 1 reads on this first named invention and thus these claims will be searched

without fee to the extent that they read on the above embodiment.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. An exemplary election would be a compound defined by Formula I: wherein nis 1; mis 0; R1 and
R1' are each independently H; R2, R3, R4, R5, R6, R2', R3', R4, R5' and R6' are each independently hydrogen; R7 and R7’ are each
independently H; R8 is hydrogen; R9 is hydrogen. Additional formula(e) will be searched upon the payment of additional fees.

Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if applicable, the
claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly identify how
any paid additional invention fees are to be applied to the “+” group(s) will result in only the first claimed invention to be '
searched/examined.

The inventions listed in Groups I+ and 1l do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT
Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group I+, a compound defined by Formula |, are not present in Group 1I; and the special technical
features of Group II, a compound defined by Formula XV, are not present in Groups I+.

The Groups I+ and |l formulae do not share a significant structural element, requiring the selection of alternative formulae as well as the
compound variables n, m, R1, R1", R2, R3, R4, R5, R6, R2', R3’, R4", R, R6", R7, R7’, R8, R9, R10, R10", R11, R12, R13, R14, R15,
R16, R17, R12, R13’, R14’, R15', R16', R17’, and R18. : .

The Groups I+ and Il share the technical features of a compound defined by the core structure of Formula |; and a compound comprising
a silane-containing naphthyl ring. However, these shared technical features do not represent a contribution over the prior art.

Specifically, “Chiral Silanediols in Anion-Binding Catalysis" to Schafer et al. teach a compound defined by the core structure of Formula
I: wherein nis 1; m is 1; R1 and R2 are each independently H; R3, R4, R5, R6, R2', R3', R4', R5' and R6' are each independently
hydrogen; R7 and R7’ are each independently H; R8 and R9 together with the atoms which they are attached, form a 7 membered
silacycle (See Pg. 2, Abstract Fig. silanediol catalyst'(1);...see”sh‘6’wn structure...); and a compound comprising a silane-containing
naphthyl ring (See Pg. 2, Abstract Fig. silanediol catalyst (1);...see shown structure...).

The inventions listed in Groups I+ and |l therefore tack unity under Rule 13 because they do not share a same or corresponding special
technical feature. ‘
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