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METHODS AND COMPOSITIONS FOR TREATING INFECTION

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 61/706,492,

filed on September 27, 2012, which is incorporated by reference herein in its entirety.

5 STATEMENT REGARDING FEDERALLY FUNDED RESEARCH
This invention was made with government funding under Grant Nos.
1IR01AI1075033-03 and SP50GM069663 from the National Institutes of Health. The

government has certain rights in this invention.

10 BACKGROUND
Infectious diseases affect the health of people and animals around the world, causing
serious illness and death. Thus, an urgent need exists for treatments for infections.
SUMMARY
Provided herein is a method of treating or preventing an infection in a subject with or
15  at risk of developing an infection, the method comprising administering to the subject

a compound of Formula |

wherein R represents hydrogen or hydroxyl and R' represents hydrogen, or R and R' taken
together form a second bond between the carbon atoms bearing R and R'; R? represents

20 hydrogen or phenyl; # is zero or a positive whole integer of from 1 to 4; X represents CHy,
CHOH, NH, C=0, CHNR’R", where R* and R” independently are hydrogen or lower alkyl;
and Z represents thienyl, pyridinyl, substituted pyridinyl, phenyl or substituted phenyl

wherein the substituents on the substituted pyridinyl or substituted phenyl are selected from
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phenyl, pyridinyl, nitro, a halogen atom, such as chlorine, fluorine, bromine, or iodine, a
straight or branched lower alkyl chain of from 1 to 4 carbon atoms, a lower alkoxy group of
from 1 to 4 carbon atoms, amino, a mono or di(lower)alkylamino group, a saturated
monocyclic heterocyclic group such as pyrrolidino, piperidino, morpholino, or N-
(lower)alkylpiperazino, or a group having the structure -COOR’, -CR°R’COOR’, -CF3,
CHF,, CH;F, or

CH,

where R’ is hydrogen or lower alkyl, and R® and R” independently are hydrogen or methyl

or a pharmaceutically acceptable salt thereof.

Further provided is a method of treating or preventing an infection in a subject with or

at risk of developing an infection, the method comprising administering to the subject

a compound of Formula 11

Riﬁwﬁﬁ,g}”m—ﬂcﬂmcxw

e
N (1)

or a pharmaceutically acceptable salt thereof, wherein R' and Rare independently selected
from ethyl or methyl, n 1 or 2, R* and R* are both phenyl or substituted phenyl, wherein the
substituent can be halo (for example, fluoro-, chloro-, iodo- or bromo-), hydroxyl, a lower
alkyl or a substituted lower alkyl wherein the substituent can be halo, hydroxy, or lower
alkoxy, and R’ is hydrogen, a halogen, a lower alkyl from about 1 to 4 carbon atoms or a
substituted alkyl wherein the substituent can be halo, hydroxy, or lower alkoxy.

Also provided is a method of treating or preventing infection in a subject with or at risk of
developing an infection, the method comprising administering to the subject a compound

selected from the group consisting of:
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a compound of Formula V

B

Y s oz
Xz—Pi » C/

Qx \Z =

wherein Ry is a lower alkyl group having from 1 to 4 carbon atoms being substituted with one
or several halogen atoms, Z is hydrogen or a lower alkyl group having from 1 to 4 carbon

atoms, m 1s 2 or 3 and X, is the ethylene imino group or the group having the formula:

&
Cl ( \’JKZ\ DN
\ /m}zz

wherein R is hydrogen or a lower alkyl group having from 1 to 4 carbon atoms which can be
substituted with a chlorine atom or a hydroxy group, and Z and m have the above-given

meaning,

a compound of Formula X

R Ol OB 0
0 N-—&ryl

1’;‘?:
Lty}lf X)

wherein R represents a lower alkyl or a lower alkenyl group, a phenyl group which can be
substituted by halogen, methyl or lower alkoxy groups, or a benzyl group which can be

nuclear substituted by halogen, methyl or lower alkoxy groups,
X represents —O-, -S-, -SO-, or —SO»-,
n represents an integer from 1-4, and

Aryl represents a phenyl group which can be substituted by lower alkoxy or lower

alkylmercapto groups;
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a compound of Formula XII

gl R3 R R’ O
I o 1
R*C*C“E@Hm(‘ﬁ*(?wﬂv?ﬂ@*ﬁﬁ
RZ R»‘

(X10)

wherein R and R° are the same or different and are hydroxy, lower alkoxy, lower alkenoxy,
dilower alkylamino lower alkoxy (dimethylaminoethoxy), acylamino lower alkoxy
(acetylaminoethoxy), acyloxy lower alkoxy (pivaloyloxymethoxy), aryloxy, such as phenoxy,
arloweralkoxy, such as benzyloxy, substituted aryloxy or substituted arloweralkoxy wherein
the substitutent is methyl, halo or methoxy, amino, loweralkylamino, diloweralkylamino,

hydroxyamino, arloweralkylamino such as benzylamino;

R' is hydrogen, alkyl of from 1 to 20 carbon atoms which include branched and cyclic and
unsaturated (such as allyl) alkyl groups, substituted loweralkyl wherein the substituent can be
halo, hydroxy, lower alkoxy, aryloxy such as phenoxy, amino, diloweralkylamino,
acylamino, such as acetamido and benzamido, arylamino, guanidino, imidazolyl, indolyl,
mercapto, loweralkylthio, arylthio such as phenylthio, carboxy or carboxamido,
carboloweralkoxy, aryl such as phenyl or naphthyl, substituted aryl such as phenyl wherein
the substituent is lower alkyl, lower alkoxy or halo, arloweralkyl, arloweralkenyl,
heteroarlower alkyl or heteroarlower alkenyl such as benzyl, styryl or indolyl ethyl,
substituted arloweralkyl, substituted arloweralkenyl, substituted heteroarlower alkyl, or
substituted heteroarlower alkenyl, wherein the substituent(s) is halo, dihalo, lower alkyl,
hydroxy, lower alkoxy, amino, aminomethyl, acylamino (acetyl amino or benzoylamino)
diloweralkylamino, loweralkylamino, carboxyl, haloloweralkyl, cyano or sulfonamido;
arloweralkyl or heteroarloweralkyl substituted on the alkyl portion by amino or acylamino

(acetylamino or benzoylamino);
R” and R’ are the same or different and are hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, phenyl lower alkyl, aminomethyl phenyl lower alkyl, hydroxy
phenyl lower alkyl, hydroxy lower alkyl, acylamino lower alkyl (such as benzoylamino lower
alkyl, acetylamino lower alkyl), amino lower alkyl, dimethylamino lower alkyl, halo lower
alkyl, guanidino lower alkyl, imidazolyl lower alkyl, indolyllower alkyl, mercapto lower

alkyl, lower alkyl thio lower alkyl;
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R" is hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, phenyl, phenyl lower alkyl, hydroxy phenyl lower alkyl, hydroxy
lower alkyl, amino lower alkyl, guanidino lower alkyl, imidazolyl lower alkyl, indolyl lower

alkyl, mercapto lower alkyl or lower alkyl thio lower alkyl;

R* and R’ can be connected together to form an alkylene bridge of from 2 to 4 carbon atoms,
an alkylene bridge of from 2 to 3 carbon atoms and one sulfur atom, an alkylene bridge of
from 3 to 4 carbon atoms containing a double bond or an alkylene bridge as above substituted

with hydroxy, loweralkoxy, loweralkylor diloweralky;

a compound of Formula XIII

KO (XIII)

wherein Ryis H, alkyl, acyl or silyl(alkyl)s;; R, is H and R3 is OH, O-acyl, O-alkyl or O-silyl
(alkyl)s or R3 is H and R; is OH. O-acyl, O-alkyl or O-silyl (alkyl)s; or R, and R together
represent O; or R, and Rj together represent acetal or cyclic acetal. Ry might also represent a

substituted alkyl such as e.g. methoxy ethoxy methyl;

a compound of Formula XTIV

(XIV)

wherein PY is 4- or 3- or 2-pyridinyl or 4- or 3-or 2-pyridinyl having one or two lower-alkyl

substituents, R is hydrogen, lower-alkyl or lower-hydroxyalkyl, and Q is nitro, carbamyl,
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halo, amino, lower-alkylamino, di(lower-alkyl)amino, or NHAc¢ where Ac is lower-alkanoyl

or lower-carbalkoxy;

a compound of Formula XV

\Ej? foh
oy
| A
& . ;;;‘s;.mmm ;;Jg (XV)
5
a compound of Formula XVI
(XVII)

10
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a compound of Formula XVIII

(XVII)

a compound of Formula XIX

(XX)

or a pharmaceutically acceptable salt thereof.

Further provided is a method of treating or preventing an infection in a subject with or

10  at risk of developing an infection, the method comprising administering to the subject a
compound selected from the group consisting of: Didanosine, Norcyclobenzaprine,
Niridazole, Ifosfamide, Cefalonium, Tamoxifen citrate, Butoconazole, Suloctidil,
Clomiphene, Sulconazole, Miconazole, Mefloquine, Sulfinpyrazone, Terfenadine, Lisinopril,
Econzaole, Clofazimine, Equilin, Felodipine, Dacarbazine, Furazolidone, Perhexiline

15  maleate, Oxethazaine, Pimozide, Trifluoperazine, Ellipticine, Fluspirilen, Hexestrol,
Dienestrol, Zidovudine, Metoprolol, Napelline, Methimazole, Amrinone, lopanoic acid, R-
Propanolol, Rimexolone and Pyrvinium pamoate, wherein the infection is a bacterial

infection.
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Also provided is a method of removing or preventing biofilm formation on a surface,
the method comprising administering to a biofilm containing surface or a surface susceptible
to biofilm formation an effective amount of a compound selected from the group consisting

of:

a compound of Formula |

{CHzn-X-2%

)

wherein R represents hydrogen or hydroxyl and R' represents hydrogen, or R and R' taken
together form a second bond between the carbon atoms bearing R and R'; R? represents
hydrogen or phenyl; # is zero or a positive whole integer of from 1 to 4; X represents CHo,
CHOH, NH, C=0, CHNR’R", where R* and R” independently are hydrogen or lower alkyl;
and Z represents thienyl, pyridinyl, substituted pyridinyl, phenyl or substituted phenyl
wherein the substituents on the substituted pyridinyl or substituted phenyl are selected from
phenyl, pyridinyl, nitro, a halogen atom, such as chlorine, fluorine, bromine, or iodine, a
straight or branched lower alkyl chain of from 1 to 4 carbon atoms, a lower alkoxy group of
from 1 to 4 carbon atoms, amino, a mono or di(lower)alkylamino group, a saturated
monocyclic heterocyclic group such as pyrrolidino, piperidino, morpholino, or N-
(lower)alkylpiperazino, or a group having the structure -COOR’, -CR°R’COOR’, -CF;,
CHF,, CH;F, or

where R’ is hydrogen or lower alkyl, and R® and R” independently are hydrogen or methyl

or a pharmaceutically acceptable salt thereof.
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DESCRIPTION OF DRAWINGS

Figure 1 depicts the adenylate kinase (AK) assay described in the Examples.
Bactericidal agents compromise bacterial cell integrity, releasing cellular adenylate kinase.
Extracellular AK is measured by the addition of a commercial ToxiLight AK cocktail
containing ADP and luciferase, resulting in luminescence.

Figure 2 shows AK assay development. (A) AK assay measures of E. coli lysed cell
supernatants. E. coli DH5a cells (1 x 10%) were heat inactivated by boiling and diluted, and
the AK assay was used to measure adenylate kinase release. Background signal is also shown
(mock-treated cells (right-hand column in Figure 2A). “*” indicates a significant difference
between results for boiled and mock treatment (Student's ¢ test; P <0.05). (B) AK assay
results for colistin-treated A. baumannii strain 98-37-09. Cells were treated with the indicated
concentration of colistin, and AK was measured; MIC (4 ug ml ™ is indicated. “*” indicates a
significant increase in signal compared to that for mock treatment (0 pg ml™'; Student's # test,

P <0.05).

Figure 3 shows AK assay measures of S. aureus strain RN4220 treatment with
bacteriostatic and bactericidal antibiotics. Standard MIC testing determined the MIC of each
antibiotic class (in parentheses). Graphed are the fold changes in AK signal of cells treated
with 0.5% or 1.0% the MIC value (left hand column and right hand column, respsectively) for
cach antibiotic, in comparison to untreated control cells; “*” indicates a significant change in

signal as determined by Student's ¢ test; P < 0.05 (compared to results for untreated cells).

Figure 4 shows AK assay measures of antibiotic-treated biofilms and small-colony
variants.(A) Graphed are AK signals generated by static biofilm-associated cells following
mock or antibiotic treatment: colistin (P. aeruginosa) or ciprofloxacin (S. aureus and A.
baumannii). (B) Fold change of AK measures of S. aureus SCV UAMS-1112 cells following
treatment with 1x and 10x ciprofloxacin, meropenem, and vancomycin, compared to results
for mock treated cells. “*” indicates a significant change in signal in comparison to results for

mock-treated cells (Student's 7 test, P < 0.05).

Figure 5 shows AK-based HTS development and screening. (A) Z’ factor assay results
for Klebsiella pneumoniae. Three-hundred-eighty-four-well microtiter plates were seeded
with K. pneumoniae, and alternating rows were mock treated (DMSO) or treated with 50 pM

colistin. Following 3 h of incubation, AK release was measured and plotted. DMSO-treated
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well measures are shown at the bottom of Figure 5A; colistin-treated wells are shown at the
top of Figure 5A. (B) Prestwick library Klebsiella pneumoniae screening results. In total, 26
compounds were determined to result in a 3-fold increase in AK signal, in comparison to
results for DMSO-treated cells. Included among this list were polymyxin, cephalosporins,
aminoglycosides, fluoroquinolones, and detergents; the complete Prestwick screening results

for K. pneumoniae and all other organisms screened are provided in Table 4.

Figure 6 shows antimicrobial properties of terfenadine and tamoxifen. (A) Fold
changes in AK signal of terfenadine-treated (10x MIC) S. aureus strain UAMS-1 static
biofilms and the SCV strain UAMS-1112, compared to those for mock (DMSO)-treated
populations, are plotted. “*”” indicates a significant increase in signal over that with mock-
treated cells (Student's # test, P < 0.05). (B) Plotted are the percent survival of G. mellonella
larvae at 48 h post-E. faecium inoculation. Groups of larvae (n = 45) were treated at 2 h and
24 h with either PBS (mock), DMSO, 80 mg kg ' tamoxifen, 160 mg kg ' tamoxifen, or 20

mg kg' vancomycin.

DETAILED DESCRIPTION
Provided herein is a method of treating or preventing an infection in a subject with or
at risk of developing an infection, the method comprising administering to the subject a
compound selected from the group consisting of:

a compound of Formula |

wherein R represents hydrogen or hydroxyl and R' represents hydrogen, or R and R' taken
together form a second bond between the carbon atoms bearing R and R'; R? represents
hydrogen or phenyl; # is zero or a positive whole integer of from 1 to 4; X represents CH,,
CHOH, NH, C=0, CHNR’R", where R* and R” independently are hydrogen or lower alkyl;
and Z represents thienyl, pyridinyl, substituted pyridinyl, phenyl or substituted phenyl

10
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wherein the substituents on the substituted pyridinyl or substituted phenyl are selected from
phenyl, pyridinyl, nitro, a halogen atom, such as chlorine, fluorine, bromine, or iodine, a
straight or branched lower alkyl chain of from 1 to 4 carbon atoms, a lower alkoxy group of
from 1 to 4 carbon atoms, amino, a mono or di(lower)alkylamino group, a saturated
monocyclic heterocyclic group such as pyrrolidino, piperidino, morpholino, or N-
(lower)alkylpiperazino, or a group having the structure -COOR’, -CR°R’COOR’, -CF;,
CHF,, CH;F, or

where R’ is hydrogen or lower alkyl, and R® and R” independently are hydrogen or methyl.
The substituents on the substituted phenyl may be attached at the ortho, meta or para
positions of the phenyl ring.

Compounds of Formula I include compounds of Formula I,

wherein R represents hydrogen or hydroxyl and R' represents hydrogen, or R and R' taken
together form a second bond between the carbon atoms bearing R and R'; # is zero or a
positive whole integer of from 1 to 4; Z represents thienyl, pyridinyl, substituted pyridinyl,
phenyl or substituted phenyl wherein the substituents on the substituted pyridinyl or
substituted phenyl are selected from phenyl, pyridinyl, nitro, a halogen atom, such as
chlorine, fluorine, bromine, or iodine, a straight or branched lower alkyl chain of from 1 to 4

carbon atoms, a lower alkoxy group of from 1 to 4 carbon atoms, amino, a mono or

11
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di(lower)alkylamino group, a saturated monocyclic heterocyclic group such as pyrrolidino,
piperidino, morpholino, or N-(lower)alkylpiperazino, or a group having the structure —

COOR’, -CR°R’COOR’, -CF3, CHF,, CH,F, or

where R’ is hydrogen or lower alkyl, and R® and R” independently are hydrogen or
methyl

or a pharmaceutically acceptable salt thereof.

10  Compounds of Formula I also include terfenadine and derivatives thereof, including, but not
limited to the following compounds. The compounds are identified by structure, name and
registry number. The registry number for each compound is also set forth in Table 6 as an

additional identifier for each compound.

15

20
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1-(4-chlorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol

5 KSC-335-015

~ O
Ok S i
2 B N 3
3,

2

T
F

o

wimetinrlens niparidine .
1ol

Also provided is a method of treating or preventing an infection in a subject with or at
risk of developing an infection, the method comprising administering to the subject a
10  compound selected from the group consisting of:

a compound of Formula 11

R5R3N(CI-I3},;O—</—_\;§-CR3=‘«"CR"R5
v (I0I)

or a pharmaceutically acceptable salt thereof, wherein R' and Rare independently
selected from ethyl or methyl, n 1 or 2, R* and R* are both phenyl or substituted phenyl,
15  wherein the substituent can be halo (for example, fluoro-, chloro-, iodo- or bromo-),
hydroxyl, a lower alkyl or a substituted lower alkyl wherein the substituent can be halo,
hydroxy, or lower alkoxy, and R’ is hydrogen, a halogen, a lower alkyl from about 1 to 4
carbon atoms or a substituted alkyl wherein the substituent can be halo, hydroxy, or lower

alkoxy. Examples of the compounds of Formula III include, tamoxifen and derivatives

20

18
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Iv)

thereof, including but not limited to tamoxifen (Formula I'V), 4-hydroxy tamoxifen
and clomiphene. In the methods provided herein, wherein a one or more compounds of
Formula III are used to treat or prevent infection, the infection can be an infection, wherein

the infection is not a fungal infection or a parasitic infection.

Further provided herein is a method of treating or preventing an infection in a subject
with or at risk of developing an infection, the method comprising administering to the subject
a compound selected from the group consisting of:

a compound of Formula V

Ri
4 z
Xaﬂ“Pé(}\ C/
AN 0/ \Z _

V)

wherein R;is a lower alkyl group having from 1 to 4 carbon atoms being substituted with one
or several halogen atoms, Z is hydrogen or a lower alkyl group having from 1 to 4 carbon

atoms, m 1s 2 or 3 and X, is the ethylene imino group or the group having the formula:

Cl { z\‘s*fz\. N
-\ /=]
B

wherein R is hydrogen or a lower alkyl group having from 1 to 4 carbon atoms which may be
substituted with a chlorine atom or a hydroxy group, and Z and m have the above-given

meaning, or a pharmaceutically acceptable salt thereof.

As used throughout, the term "lower alkyl group containing from 1 to 4 carbon

atoms" means methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tertiary butyl, and I-

19
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methylpropyl. The term “halogen” means chlorine, bromine, fluorine, and iodine. Included

herein are compounds of formula IV that correspond to formula VI:

R

l
N

Loy
XgPz=0 (CHp)m
ANV
O
(VD)
wherein R;, X; and m have the same meaning as in Formula IV. Additional compounds of

5  formula IV, include the compounds of formula VII:

R
‘;iwzgg
Ol RO N NP0 Oy
Iits ' {}»---vﬁ-ﬁ‘g (V)

wherein R; is a B-chloroethyl or a y-chloropropyl group, and Rj is hydrogen, a methyl group

or an ethyl group, optionally substituted in the B-position with a chlorine atom or a hydroxy
10  group. Among the compounds of formula VII, are the compounds of formula VIII and IX.

The compound of formula VIII is 3-(2-chloroethyl)-2-[(2-chloroethyl)aminoJtetrahydro-2H-

1,3,2-oxazaphosphorine 2-oxide or ifosfamide. Ifosfamide is also known as IFEX.

?Hﬂ CGH:CH
ARG
N--P=0  CHy

OO, 0-0fh

(VIII)
CHOHROH
. & A
O O e N P =0 fx:}m
Bt N
Q{3 1y (IX)

15

Further provided herein is a method of treating or preventing an infection in a subject
with or at risk of developing an infection, the method comprising administering to the subject

a compound selected from the group consisting of:

20
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a compound of Formula X

R“X’?“{}%sﬁsnﬁ*{f}ﬁ—iw?{}
3 Ne-&rpl-
K; -

X)

wherein R represents a lower alkyl or a lower alkenyl group, a phenyl group which can be
substituted by halogen, methyl or lower alkoxy groups, or a benzyl group which can be

nuclear substituted by halogen, methyl or lower alkoxy groups,
X represents —O-, -S-, -SO-, or —SO»-,
n represents an integer from 1-4, and

Aryl represents a phenyl group which can be substituted by lower alkoxy or lower

alkylmercapto groups;
or a pharmaceutically acceptable salt thereof.

With respect to Formula X, R represents a lower alkyl or a lower alkenyl group, a
phenyl group which can be substituted by halogen, methyl or lower alkoxy groups, or a
benzyl group which can be nuclear substituted by halogen, methyl or lower alkoxy groups, X
represents —O-, -S-, -SO-, or —SO2-, n represents an integer from 1-4, and aryl represents a

phenyl group which can be substituted by lower alkoxy or lower alkylmercapto groups.

For example, -R-X-C,Hz,- can represent the following groups: methoxy-, ethoxy-,
propoxy-, isopropoxy-, butoxy-, isobutoxy-, allyloxy-, crotyloxy-. phenoxy-, o,-m- and p-
methylphenoxy-, 0,p-dimethylphenoxy-, m,p-dimethylphenoxy-, p-chlorophenoxy-, p-
bromophenoxy-, -0, m and p-methoxyphenoxy-, p-ethoxyphenoxy-, benzyloxy-, o-, m-, and
p-methylbenzyloxy-, p-chlorobenzyloxy-, p-bromobenzyloxy, o, m and p-
methoxybenzyloxyand-, p- ethoxybenzyloxy-; methyl, -ethyl, -propyl, -isopropyl, and butyl

radicals and -analogous radicals with SO or SO, instead of O as divalent group X.

21
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Besides the phenyl group, aryl can be, for example, the o- or p-methylmercaptophenyl
group, the o- or p-ethyl mercaptophenyl group, the o-; m-, or p-methoxyphenyl group or the
0-, m- or p-cthoxyphenyl group.

An example of the compound of formula X is set forth herein as formula XI. The

5  compound of formula X is sulfinapyrazone. Sulfinapyrazone is also known as Anturane.

Y
(T
NN A 17
NF X
SN O
: Pans !
/5\1\/’“\\\;{ h S//
6 T3 W AN
. O F
‘\\7’:/ (éf \\[4,
\ ’
s (XT)

Also provided herein is a method of treating or preventing an infection in a subject
with or at risk of developing an infection, the method comprising administering to the subject

10  a compound selected from the group consisting of:

a compound of Formula XII

o R R} RV RSO
o T N
R e e G I s C o e e e o R
| i {
R? O RY

(X10)

wherein R and R° are the same or different and are hydroxy, lower alkoxy, lower alkenoxy,
dilower alkylamino lower alkoxy (dimethylaminoethoxy), acylamino lower alkoxy

15  (acetylaminoethoxy), acyloxy lower alkoxy (pivaloyloxymethoxy), aryloxy, such as phenoxy,
arloweralkoxy, such as benzyloxy, substituted aryloxy or substituted arloweralkoxy wherein
the substitutent is methyl, halo or methoxy, amino, loweralkylamino, diloweralkylamino,

hydroxyamino, arloweralkylamino such as benzylamino;

R' is hydrogen, alkyl of from 1 to 20 carbon atoms which include branched and cyclic and
20  unsaturated (such as allyl) alkyl groups, substituted loweralkyl wherein the substituent can be
halo, hydroxy, lower alkoxy, aryloxy such as phenoxy, amino, diloweralkylamino,

acylamino, such as acetamido and benzamido, arylamino, guanidino, imidazolyl, indolyl,
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mercapto, loweralkylthio, arylthio such as phenylthio, carboxy or carboxamido,
carboloweralkoxy, aryl such as phenyl or naphthyl, substituted aryl such as phenyl wherein
the substituent is lower alkyl, lower alkoxy or halo, arloweralkyl, arloweralkenyl,
heteroarlower alkyl or heteroarlower alkenyl such as benzyl, styryl or indolyl ethyl,
substituted arloweralkyl, substituted arloweralkenyl, substituted heteroarlower alkyl, or
substituted heteroarlower alkenyl, wherein the substituent(s) is halo, dihalo, lower alkyl,
hydroxy, lower alkoxy, amino, aminomethyl, acylamino (acetyl amino or benzoylamino)
diloweralkylamino, loweralkylamino, carboxyl, haloloweralkyl, cyano or sulfonamido;
arloweralkyl or heteroarloweralkyl substituted on the alkyl portion by amino or acylamino

(acetylamino or benzoylamino);
R” and R’ are the same or different and are hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, phenyl lower alkyl, aminomethyl phenyl lower alkyl, hydroxy
phenyl lower alkyl, hydroxy lower alkyl, acylamino lower alkyl (such as benzoylamino lower
alkyl, acetylamino lower alkyl), amino lower alkyl, dimethylamino lower alkyl, halo lower
alkyl, guanidino lower alkyl, imidazolyl lower alkyl, indolyllower alkyl, mercapto lower

alkyl, lower alkyl thio lower alkyl;
R" is hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, phenyl, phenyl lower alkyl, hydroxy phenyl lower alkyl, hydroxy
lower alkyl, amino lower alkyl, guanidino lower alkyl, imidazolyl lower alkyl, indolyl lower

alkyl, mercapto lower alkyl or lower alkyl thio lower alkyl;

R* and R’ may be connected together to form an alkylene bridge of from 2 to 4 carbon atoms,
an alkylene bridge of from 2 to 3 carbon atoms and one sulfur atom, an alkylene bridge of
from 3 to 4 carbon atoms containing a double bond or an alkylene bridge as above substituted

with hydroxy, loweralkoxy, loweralkylor diloweralky;
or a pharmaceutically acceptable salt thereof.

With respect to Formula XII, R and R® are the same or different and are hydroxy,
lower alkoxy, lower alkenoxy, dilower alkylamino lower alkoxy (dimethylaminoethoxy),
acylamino lower alkoxy (acetylaminoethoxy), acyloxy lower alkoxy (pivaloyloxymethoxy),

aryloxy, such as phenoxy, arloweralkoxy, such as benzyloxy, substituted aryloxy or
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substituted arloweralkoxy wherein the substitutent is methyl, halo or methoxy, amino,
loweralkylamino, diloweralkylamino, hydroxyamino, arloweralkylamino such as

benzylamino;

R' is hydrogen, alkyl of from 1 to 20 carbon atoms which include branched and cyclic
and unsaturated (such as allyl) alkyl groups, substituted loweralkyl wherein the substituent
can be halo, hydroxy, lower alkoxy, aryloxy such as phenoxy, amino, diloweralkylamino,
acylamino, such as acetamido and benzamido, arylamino, guanidino, imidazolyl, indolyl,
mercapto, loweralkylthio, arylthio such as phenylthio, carboxy or carboxamido,
carboloweralkoxy, aryl such as phenyl or naphthyl, substituted aryl such as phenyl wherein
the substituent is lower alkyl, lower alkoxy or halo, arloweralkyl, arloweralkenyl,
heteroarlower alkyl or heteroarlower alkenyl such as benzyl, styryl or indolyl ethyl,
substituted arloweralkyl, substituted arloweralkenyl, substituted heteroarlower alkyl, or
substituted heteroarlower alkenyl, wherein the substituent(s) is halo, dihalo, lower alkyl,
hydroxy, lower alkoxy, amino, aminomethyl, acylamino (acetyl amino or benzoylamino)
diloweralkylamino, loweralkylamino, carboxyl, haloloweralkyl, cyano or sulfonamido;
arloweralkyl or heteroarloweralkyl substituted on the alkyl portion by amino or acylamino

(acetylamino or benzoylamino);
R” and R’ are the same or different and are hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, phenyl lower alkyl, aminomethyl phenyl lower alkyl,
hydroxy phenyl lower alkyl, hydroxy lower alkyl, acylamino lower alkyl (such as
benzoylamino lower alkyl, acetylamino lower alkyl), amino lower alkyl, dimethylamino
lower alkyl, halo lower alkyl, guanidino lower alkyl, imidazolyl lower alkyl, indolyllower

alkyl, mercapto lower alkyl, lower alkyl thio lower alkyl;
R" is hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, phenyl, phenyl lower alkyl, hydroxy phenyl lower alkyl,
hydroxy lower alkyl, amino lower alkyl, guanidino lower alkyl, imidazolyl lower alkyl,

indolyl lower alkyl, mercapto lower alkyl or lower alkyl thio lower alkyl;

R* and R’ may be connected together to form an alkylene bridge of from 2 to 4 carbon

atoms, an alkylene bridge of from 2 to 3 carbon atoms and one sulfur atom, an alkylene
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bridge of from 3 to 4 carbon atoms containing a double bond or an alkylene bridge as above

substituted with hydroxy, loweralkoxy, loweralkylor diloweralky.

The loweralkyl or lower alkenyl groups except where noted otherwise represented by
any of the variables include straight and branched chain hydrocarbon radicals from one to six
carbon atoms, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl,
isopentyl, hexyl or vinyl, allyl, butenyl and the like. The aralkyl groups represented by any of
the above variables have from one to four carbon atoms in the alkyl portion thereof and
include for example, benzyl, p-methoxy benzyl and the like. Halo means chloro, bromo, iodo
or fluoro. Aryl where it appears in any of the radicals except where noted represents phenyl
or naphthyl. Heteroaryl groups where they appear include for example pyridyl, thienyl, furyl,
indolyl, benzthienyl, imidazoyl and thiazolyl. The R', R* and R’ substituted lower alkyl

moieties are exemplified by groups such as

N CH ¥y CH;
L jLCHzm :

N N

] i

H H

HOCHy, HS~~CHy—, HoN—{CH1}s—,
CH3—3—{CHs}—, HiN—{CHah1—,

;?H
HN—C—NH~—(CHz);— and the like.

R* and R’ when joined through the carbon and nitrogen atoms to which they are
attached form a 4 to 6 membered ring which may contain one sulfur atom or a double bond.

Preferred rings have the formulae:

COOR

where Y is CH», S, or CHOCHs.

Compounds of Formula XI include compounds wherein:
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R and R® can cach independently be hydroxy, lower alkoxy, lower alkenoxy,
arloweralkyloxy, amino, dilower alkylamino lower alkoxy, acylamino lower alkoxy, acyloxy

lower alkoxy wherein the substituent is methyl, halo or methoxy;

R” and R’ are hydrogen; R” is lower alkyl, amino lower alkyl, imidazoyllower alkyl,

halo lower alkyl;

R* and R’ are joined to form the preferred rings as defined above where Y is CH,, S,

or CH-OCHz;
R' is as defined previously.

Other compounds include compounds of Formula XI wherein further R' is alkyl
having from 1 to 8 carbon atoms, substituted lower alkyl wherein the alkyl group has 1-5
carbon atoms and the substituent is amino, arylthio, aryloxy or arylamino, aralkyl or
heteroaralkyl wherein the alkyl portion has 1 to 3 carbon atoms such as phenethyl or
indolylethyl or substituted arloweralkyl 65 (phenyl lower alkyl or naphthyl lower alkyl) and
substituted heteroarloweralkyl wherein the alkyl groups have 1-3 carbons and wherein the

substituent(s) is halo, dihalo, amino, aminoalkyl, hydroxy, lower alkoxy or lower alkyl.

Other compounds of Formula XI include compounds wherein Rand R® are hydroxy,

lower alkoxy, aralkyloxy;
R”and R’ are hydrogen;
R’ is methyl or amino lower alkyl;

R* and R’ are joined through the carbon and nitrogen atom to form proline, 4-

thiaproline or 4-methoxy proline;

R'is alkyl having from 1 to 8 carbon atoms, substituted lower alkyl wherein the alkyl
group has 1-5 carbon atoms and the substituent is amino, arylthio or aryloxy, aralkyl or
heteroaralkyl wherein the alkyl portion has 1 to 3 carbon atoms such as phenethyl or
indolylethyl or substituted aralkyl (phenyl lower alkyl or naphthyl lower alkyl) and
substituted heteroaralkyl wherein the alkyl groups have 1-3 carbons and wherein the

substituent(s) is halo, dihalo, amino, aminoalkyl, hydroxy, lower alkoxy or lower alkyl.

Further examples of compounds of Formula XII include, but are not limited to:
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N-(1(S)-carboxy-3-phenylpropyl)-L-alanyl-L-proline;
N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-proline and its maleate salt;
N-(1(S)-ethoxycarbonyl-4-methylpentyl)-L-alanyl-L-proline;
N-(1-carboxy-5-aminopentyl)-L-alanyl-L-proline;
N-.alpha.-(1(S)-carboxy-3-phenylpropyl)-L-lysyl-L-proline (lisinopril);
N-.alpha.(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-lysyl-L-proline;
N-.alpha.[1(S)-carboxy-3-(3-indolyl)propyl]-L-lysyl-L-proline;
N-.alpha.-[1(S)-carboxy-3-(4-chlorophenyl)-propyl]-L-lysyl-L-proline;
N-.alpha.-[1(S)-carboxy-2-phenylthioethyl]-L-lysyl-L-proline;
N-.alpha.-[1(S)-carboxy-3-(4-chlorophenyl)-propyl]-L-lysyl-L-4.alpha.-metho xyproline;
N-.alpha.-[1(S)-carboxy-5-aminopentyl]-L-lysyl-L-proline;

Ethyl N-(1(S)-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-prolinate hydrochloride;
and the like.

Also provided herein is a method of treating or preventing an infection in a subject
with or at risk of developing an infection, the method comprising administering to the subject

a compound selected from the group consisting of:

a compound of Formula XIII

R0 (XIIT)

wherein R is H, alkyl, acyl or silyl(alkyl);; R, is H and R3 is OH, O-acyl, O-alkyl or O-silyl
(alkyl)s or R3 is H and R; is OH. O-acyl, O-alkyl or O-silyl (alkyl)s; or R, and R together
represent O; or R, and Rj together represent acetal or cyclic acetal. Ry might also represent a
substituted alkyl such as e.g. methoxy ethoxy methyl; or a pharmaceutically acceptable salt

thereof.

Also provided herein is a method of treating or preventing an infection in a subject
with or at risk of developing an infection, the method comprising administering to the subject

a compound selected from the group consisting of:
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a compound of Formula XTIV

(XIV)

wherein PY is 4- or 3- or 2-pyridinyl or 4- or 3-or 2-pyridinyl having one or two lower-alkyl
substituents, R is hydrogen, lower-alkyl or lower-hydroxyalkyl, and Q is nitro, carbamyl,
halo, amino, lower-alkylamino, di(lower-alkyl)amino, or NHAc¢ where Ac is lower-alkanoyl

or lower-carbalkoxy;
or a pharmaceutically acceptable salt thereof.

With respect to Formula XIII, PY is 4- or 3- or 2-pyridinyl or 4- or 3-or 2-pyridinyl
having one or two lower-alkyl substituents, R is hydrogen, lower-alkyl or lower-
hydroxyalkyl, and Q is nitro, carbamyl, halo, amino, lower-alkylamino, di(lower-
alkyl)amino, or NHAc where Ac is lower-alkanoyl or lower-carbalkoxy, or pharmaceutically-
acceptable acid-addition salt thereof. Compounds of formula XIII where Q is amino, lower-
alkylamino, di-(lower-alkyl) amino, or NHAc are provided herein. The compounds of
formula XIII where Q is nitro or carbamyl are useful as intermediates for preparing the said
compounds where Q is amino and those where Q is halo are useful as intermediates in the
preparation of the compounds where Q is lower-alkylamino and di-(lower-alkyl)amino.
Other compounds of Formula XIII include compounds where Q is amino, R is hydrogen and
PY is 4-pyridinyl or 3-pyridinyl, for example, 3- amino-5-(4-pyridinyl)- 2(1H)-pyridinone

(amrinone).

Further provided herein is a method of treating or preventing an infection in a subject
with or at risk of developing an infection, the method comprising administering to the subject

a compound selected from the group consisting of:

a compound of Formula XV
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a compound of Formula XVI

(XVII)

a compound of Formula XVIII

(XVII)

10 a compound of Formula XIX
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a compound of Formula (XX)

(XX)
or pharmaceutically acceptable salt thereof.

Formula XV is fluspirilen, Formula X VI is hexestrol, Formula XVII is dienestrol,

Formula XVIII is napelline, Formula XIX is iopanoic acid and Formula XX is suloctodil.

Further provided is a method of treating or preventing an infection in a subject with or
at risk of developing an infection, the method comprising administering to the subject a
compound selected from the group consisting of: Didanosine, Norcyclobenzaprine,
Niridazole, Ifosfamide, Cefalonium, Tamoxifen citrate, Butoconazole, Suloctidil,
Clomiphene, Sulconazole, Miconazole, Mefloquine, Sulfinpyrazone, Terfenadine, Lisinopril,
Econzaole, Clofazimine, Equilin, Felodipine, Dacarbazine, Furazolidone, Perhexiline
maleate, Oxethazaine, Pimozide, Trifluoperazine, Ellipticine, Fluspirilen, Hexestrol,
Dienestrol, Zidovudine, Metoprolol, Napelline, Methimazole, Amrinone, lopanoic acid, R-
Propanolol, Rimexolone and Pyrvinium pamoate, or a pharmaceutically acceptable salt

thereof.

Further provided is a method of treating or preventing an infection in a subject with or
at risk of developing an infection, the method comprising administering to the subject a
compound selected from the group consisting of: Didanosine, Norcyclobenzaprine,
Niridazole, Ifosfamide, Cefalonium, Tamoxifen citrate, Butoconazole, Suloctidil,
Clomiphene, Sulconazole, Miconazole, Mefloquine, Sulfinpyrazone, Terfenadine, Lisinopril,
Econzaole, Clofazimine, Equilin, Felodipine, Dacarbazine, Furazolidone, Perhexiline

maleate, Oxethazaine, Pimozide, Trifluoperazine, Ellipticine, Fluspirilen, Hexestrol,
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Dienestrol, Zidovudine, Metoprolol, Napelline, Methimazole, Amrinone, lopanoic acid, R-
Propanolol, Rimexolone and Pyrvinium pamoate, or a pharmaceutically acceptable salt
thereof, wherein the infection is a bacterial infection selected from the group consisting of
Enterobacterium faecium, Staphylococcus aureus, Klebsiella pneumonia, Acinebacter

baumannii, Pseudomonas aeruginosa and Enterobacter sp.

Further provided is a method of treating or preventing a bacterial infection in a subject
with or at risk of developing a bacterial infection in a subject comprising administering to the
subject a compound that inhibits bacterial DNA gyrase or topoisomerase IV. The compound
can be, for example, a compound of Formula I. As set forth above, a compound of Formula I
can be terfenadine or a derivative thereof. In the methods set forth herein an inhibitor of
bacterial DNA gyrase or topoisomerase IV can be used to treat or prevent Staphylococcus

aureus Infection.

It is contemplated that one or more, for example, two, three, four, five, etc., of the
compounds or derivatives of the compounds set forth herein can be administered to treat or
prevent infection. Thus, combinations of the compounds set forth herein are also provided.
Pharmaceutically acceptable salts of all of the compounds set forth herein are also provided.
The term pharmaceutically acceptable salt as used herein refers to those salts of any of the
compounds described herein or derivatives thereof that are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of subjects without undue
toxicity, irritation, allergic response, and the like, commensurate with a reasonable
benefit/risk ratio, and effective for their intended use, as well as the zwitterionic forms, where
possible, of the compounds described herein. The term salts refers to the relatively non-toxic,
inorganic and organic acid addition salts of the compounds described herein. These salts can
be prepared in situ during the isolation and purification of the compounds or by separately
reacting the purified compound in its free base form with a suitable organic or inorganic acid
and isolating the salt thus formed. Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, valerate, oleate, palmitate, stearate,
laurate, borate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate,
tartrate, naphthylate mesylate, glucoheptonate, lactobionate, methane sulphonate, and
laurylsulphonate salts, and the like. These may include cations based on the alkali and
alkaline earth metals, such as sodium, lithium, potassium, calcium, magnesium, and the like,

as well as non-toxic ammonium, quaternary ammonium, and amine cations including, but not
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limited to ammonium, tetramethylammonium, tetracthylammonium, methylamine,
dimethylamine, trimethylamine, tricthylamine, ethylamine, and the like.

The infection can be a viral infection, bacterial infection, fungal infection or a
parasitic infection, to name a few. All strains and types of pathogenic infection are
contemplated herein. The infection can also be a respiratory infection, a gastrointestinal
infection or a skin infection, to name a few.

In any of the methods of treating or preventing infection set forth herein, the infection
can be any infection, wherein the infection is not a bacterial infection. In any of the methods
of treating or preventing infection set forth herein, the infection can be any infection, wherein
the infection is not a viral infection. In any of the methods of treating or preventing infection
set forth herein, the infection can be any infection, wherein the infection is not a parasitic
infection. In any of the methods of treating or preventing infection set forth herein, the
infection can be any infection, wherein the infection is not a fungal infection. In any of the
methods of treating or preventing infection set forth herein, the infection can be any infection,
wherein the infection is not a protozoal infection.

Examples of bacterial infections include, but are not limited to infections caused by
the Gram negative or Gram positive bacteria. For example, the infection can be caused by
Listeria (sp.), Franscicella tularensis, Enterobacter sp. Enterococcus faecium, other
Enterococcus species, Klebsiella pneumonia, Acinetobacter baumannii, Mycobacterium
tuberculosis, Rickettsia (all types), Ehrlichia or Chylamida. Further examples of bacteria
include M. tuberculosis, Legionella pneumophila, other Legionella species, Salmonella typhi,
other Salmonella species, Shigella species, Yersinia pestis, Pasteurella haemolytica,
Pasteurella multocida, other Pasteurella species, Actinobacillus pleuropneumoniae, Listeria
monocytogenes, Listeria ivanovii, Brucella abortus, other Brucella species, Chlamydia
prneumoniae, Chlamydia trachomatis, Chlamydia psittaci, Coxiella burnetti, other Rickettsial
species, Ehrlichia species, Staphylococcus aureus, Staphylococcus epidermidis,
Streptococcus pyogenes, Streptococcus agalactiae, Bacillus anthracis, Escherichia coli,
Vibrio cholerae, Kingella kingae, Campylobacter species, Neiserria meningitidis, Neiserria
gonorrhea, Pseudomonas aeruginosa, other Pseudomonas species, Haemophilus influenzae,
Haemophilus ducreyi, other Hemophilus species, Clostridium tetani, other Clostridium
species, Yersinia enterolitica, and other Yersinia species. In the methods provided herein,
one or more compounds set forth herein can treat or prevent one or more bacterial infections
selected from the group consisting of Enterobacterium faecium, Staphylococcus aureus,

Klebsiella pneumonia, Acinebacter baumannii, Pseudomonas aeruginosa and Enterobacter
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sp. In the methods set forth herein, the bacteria can be a small colony variant strain, for
example a small colony strain of Staphylococcus aureus. In any of the methods set forth
herein, the infection can be a bacterial infection, wherein the bacterial infection is not
tuberculosis, for example, Mycobacterium tuberculosis. For example, and not to be limiting
any of the compounds set forth herein, including compounds of Formula I and II can be used
to treat or prevent infection in a subject with or at risk of developing an infection, wherein the
infection is not tuberculosis.

Examples of parasitic infections include, but are not limited to infections caused by
the following parasites: Cryptosporidium, Plasmodium (all species), American trypanosomes
(T. cruzi), African trypanosomes, Acanthamoeba, Entaoeba histolytica, Angiostrongylus,
Anisakis, Ascaris, Babesia, Balantidium, Baylisascaris, lice, ticks, mites, fleas, Capillaria,
Clonorchis, Chilomastix mesnili, Cyclspora, Diphyllobothrium, Dipylidium caninum,
Fasciola, Giardia, Gnathostoma, Hetetophyes, Hymenolepsis, Isospora, Loa loa,
Microsporidia, Naegleria, Toxocara, Onchocerca, Opisthorchis, Paragonimus,
Baylisascaris, Strongyloides, Taenia, Trichomonas and Trichuris. In any of the methods set
forth herein, the infection can be a parasitic infection, wherein the parasitic infection is not
malaria, for example, malaria caused by any species of Plasmodium including Plasmodium
falciparum. For example, and not to be limiting any of the compounds set forth herein,
including compounds of Formula I and II can be used to treat or prevent infection in a subject

with or at risk of developing an infection, wherein the infection is not malaria.

Furthermore, examples of protozoan and fungal species contemplated within the
present methods include, but are not limited to, Plasmodium falciparum, other Plasmodium
species, Toxoplasma gondii, Pneumocystis carinii, Trypanosoma cruzi, other trypanosomal
species, Leishmania donovani, other Leishmania species, Theileria annulata, other Theileria
species, Eimeria tenella, other Eimeria species, Histoplasma capsulatum, Cryptococcus
neoformans, Blastomyces dermatitidis, Coccidioides immitis, Paracoccidioides brasiliensis,
Penicillium marneffei, and Candida species. In any of the methods set forth herein, the
infection can be a protozoan infection, wherein the protozoan infection is not leishmaniasis,
for example, leishmaniasis caused by a Leishmania species, for example, Leishmania major.
For example, and not to be limiting any of the compounds set forth herein, including
compounds of Formula I and III can be used to treat or prevent infection in a subject with or

at risk of developing an infection, wherein the infection is not leishmaniasis.
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Examples of viral infections include but are not limited to, infections caused by RNA
viruses (including negative stranded RNA viruses, positive stranded RNA viruses, double
stranded RNA viruses and retroviruses) and DNA viruses. All strains, types, subtypes of

DNA and RNA viruses are contemplated herein.

Examples of RNA viruses include, but are not limited to picornaviruses, which
include aphthoviruses (for example, foot and mouth disease virus O, A, C, Asia 1, SATI,
SAT2 and SAT3), cardioviruses (for example, encephalomycarditis virus and Theiller’s
murine encephalomyelitis virus), enteroviruses (for example polioviruses 1, 2 and 3, human
enteroviruses A-D, bovine enteroviruses 1 and 2, human coxsackieviruses A1-A22 and A24,
human coxsackieviruses B1-B5, human echoviruses 1-7, 9, 11-12, 24, 27, 29-33, human
enteroviruses 68-71, porcine enteroviruses 8-10 and simian enteroviruses 1-18), erboviruses
(for example, equine rhinitis virus), hepatovirus (for example human hepatitis A virus and
simian hepatitis A virus), kobuviruses (for example, bovine kobuvirus and Aichi virus),
parechoviruses (for example, human parechovirus 1 and human parechovirus 2), rhinovirus
(for example, human rhinovirus 1-100 and bovine rhinoviruses 1-3) and teschoviruses (for

example, porcine teschovirus).

Additional examples of RNA viruses include caliciviruses, which include noroviruses
(for example, Norwalk virus), sapoviruses (for example, Sapporo virus), lagoviruses (for
example, rabbit hemorrhagic disease virus and European brown hare syndrome) and

vesiviruses (for example vesicular exanthema of swine virus and feline calicivirus).

Other RNA viruses include astroviruses, which include mamastorviruses and
avastroviruses. Togaviruses are also RNA viruses. Togaviruses include alphaviruses (for
example, Chikungunya virus, Sindbis virus, Semliki Forest virus, Western equine
encephalitis, Getah virus, Everglades virus, Venezuelan equine encephalitis virus and Aura
virus) and rubella viruses. Additional examples of RNA viruses include the the flaviviruses
(for example, tick-borne encephalitis virus, Tyuleniy virus, Aroa virus, Dengue virus (types 1
to 4), Kedougou virus, Japanese encephalitis virus (JEV), West Nile virus (WNV), Kokobera
virus, Ntaya virus, Spondweni virus, Yellow fever virus, Entebbe bat virus, Modoc virus, Rio
Bravo virus, Cell fusing agent virus, pestivirus, GB virus A, GBV-A like viruses, GB virus C,
Hepatitis G virus, hepacivirus (hepatitis C virus (HCV)) all six genotypes), bovine viral

diarrhea virus (BVDV) types 1 and 2, and GB virus B).
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Other examples of RNA viruses are the coronaviruses, which include, human
respiratory coronaviruses such as SARS-CoV, HCoV-229E, HCoV-NL63 and HCoV-OC43.
Coronaviruses also include bat SARS-like CoV, turkey coronavirus, chicken coronavirus,
feline coronavirus and canine coronavirus. Additional RNA viruses include arteriviruses (for
example, equine arterivirus, porcine reproductive and respiratory syndrome virus, lactate
dehyrogenase elevating virus of mice and simian hemorraghic fever virus). Other RNA
viruses include the rhabdoviruses, which include lyssaviruses (for example, rabies, Lagos bat
virus, Mokola virus, Duvenhage virus and European bat lyssavirus), vesiculoviruses (for
example, VSV-Indiana, VSV-New Jersey, VSV-Alagoas, Piry virus, Cocal virus, Maraba
virus, Isfahan virus and Chandipura virus), and ephemeroviruses (for example, bovine
ephemeral fever virus, Adelaide River virus and Berrimah virus). Additional examples of
RNA viruses include the filoviruses. These include the Marburg and Ebola viruses (for

example, EBOV-Z, EBOV-S, EBOV-IC and EBOV-R.

The paramyxoviruses are also RNA viruses. Examples of these viruses are the
rubulaviruses (for example, mumps, parainfluenza virus 5, human parainfluenza virus type 2,
Mapuera virus and porcine rubulavirus), avulaviruses (for example, Newcastle disease virus),
respoviruses (for example, Sendai virus, human parainfluenza virus type 1 and type 3, bovine
parainfluenza virus type 3), henipaviruses (for example, Hendra virus and Nipah virus),
morbilloviruses (for example, measles, Cetacean morvilliirus, Canine distemper virus, Peste-
des-petits-ruminants virus, Phocine distemper virus and Rinderpest virus), pneumoviruses
(for example, human respiratory syncytial virus A2, B1 and S2, bovine respiratory syncytial
virus and pneumonia virus of mice), metapneumoviruses (for example, human
metapneumovirus and avian metapneumovirus). Additional paramyxoviruses include Fer-de-
Lance virus, Tupaia paramyxovirus, Menangle virus, Tioman virus, Beilong virus, J virus,
Mossman virus, Salem virus and Nariva virus. Additional RNA viruses include the

orthomyxoviruses.

These viruses include influenza viruses and strains (e.g., influenza A (HIN1
(including but not limited to A/WS/33 and A/California/04/2009 strains) H2N2, H3N2,
H5N1, H7N7, HIN2, HON2, H7N2, H7N3 and H10N7), B and C viruses, as well as avian
influenza (for example, strains HSN1, HSN2, H7N1, H7N7 and HIN2) thogotoviruses and
isaviruses. Orthobunyaviruses (for example, Akabane virus, California encephalitis, Cache
Valley virus, Snowshoe hare virus,) nairoviruses (for example, Nairobi sheep virus, Crimean-

Congo hemorrhagic fever virus Group and Hughes virus), phleboviruses (for example,

35



10

15

20

25

30

WO 2014/052836 PCT/US2013/062309

Candiru, Punta Toro, Rift Valley Fever, Sandfly Fever, Naples, Toscana, Sicilian and
Chagres), and hantaviruses (for example, Hantaan, Dobrava, Seoul, Puumala, Sin Nombre,
Bayou, Black Creck Canal, Andes and Thottapalayam) are also RNA viruses. Arenaviruses
such as lymphocytic choriomeningitis virus, Lujo virus, Lassa fever virus, Argentine
hemorrhagic fever virus, Bolivian hemorrhagic fever virus, Venezuelan hemorrhagic fever
virus, SABV and WWAYV are also RNA viruses. Borna disease virus is also an RNA virus.
Hepatitis D (Delta) virus and hepatitis E are also RNA viruses. Any of the compounds set
forth herein, including, but not limited to the compounds of Formula I and II can be used to
treat or prevent a viral infection, wherein the viral infection is not a Lassa fever virus
infection.

Additional RNA viruses include reoviruses, rotaviruses, birnaviruses, chrysoviruses,
cystoviruses, hypoviruses partitiviruses and totoviruses. Orbiviruses such as African horse
sickness virus, Blue tongue virus, Changuinola virus, Chenuda virus, Chobar Gorge
Corriparta virus, epizootic hemorraghic disease virus, equine encephalosis virus, Eubenangee
virus, leri virus, Great Island virus, Lebombo virus, Orungo virus, Palyam virus, Peruvian
Horse Sickness virus, St. Croix River virus, Umatilla virus, Wad Medani virus, Wallal virus,

Warrego virus and Wongorr virus are also RNA viruses.

Retroviruses include alpharetroviruses (for example, Rous sarcoma virus and avian
leukemia virus), betaretroviruses (for example, mouse mammary tumor virus, Mason-Pfizer
monkey virus and Jaagsickte sheep retrovirus), gammaretroviruses (for example, murine
leukemia virus and feline leukemia virus, deltraretroviruses (for example, human T cell
leukemia viruses (HTLV-1, HTLV-2), bovine leukemia virus, STLV-1 and STLV-2),
epsilonretriviruses (for example, Walleye dermal sarcoma virus and Walleye epidermal
hyperplasia virus 1), reticuloendotheliosis virus (for example, chicken syncytial virus,
lentiviruses (for example, human immunodeficiency virus (HIV) type 1, human
immunodeficiency virus (HIV) type 2, human immunodeficiency virus (HIV) type 3, simian
immunodeficiency virus, equine infectious anemia virus, feline immunodeficiency virus,
caprine arthritis encephalitis virus and Visna maedi virus) and spumaviruses (for example,

human foamy virus and feline syncytia-forming virus).

Examples of DNA viruses include polyomaviruses (for example, simian virus 40,
simian agent 12, BK virus, JC virus, Merkel Cell polyoma virus, bovine polyoma virus and
lymphotrophic papovavirus), papillomaviruses (for example, human papillomavirus, bovine

papillomavirus, adenoviruses (for example, adenoviruses A-F, canine adenovirus type I,
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canined adeovirus type 2), circoviruses (for example, porcine circovirus and beak and feather
disease virus (BFDV)), parvoviruses (for example, canine parvovirus), erythroviruses (for
example, adeno-associated virus types 1-8), betaparvoviruses, amdoviruses, densoviruses,
iteraviruses, brevidensoviruses, pefudensoviruses, herpes viruses 1,2, 3, 4, 5, 6, 7 and 8 (for
example, herpes simplex virus 1, herpes simplex virus 2, varicella-zoster virus, Epstein-Barr
virus, cytomegalovirus, Kaposi’s sarcoma associated herpes virus, human herpes virus-6
variant A, human herpes virus-6 variant B and cercophithecine herpes virus 1 (B virus)),
poxviruses (for example, smallpox (variola), cowpox, monkeypox, vaccinia, Uasin Gishu,
camelpox, psuedocowpox, pigeonpox, horsepox, fowlpox, turkeypox and swinepox), and
hepadnaviruses (for example, hepatitis B and hepatitis B-like viruses).

One or more of the compounds described herein can be contacted with a cell or
populations of cells in vitro, ex vivo or in vivo. For example, the cell or population of cells
can be in a subject, or in an in vitro culture. In another example, one or more compounds set
forth herein can be used to inhibit bacterial growth, fungal growth, parasitic growth,
protozoal growth or viral replication, in vitro, ex vivo or in vivo. Any of the compounds set
forth herein can be used alone or in combination with other therapeutic agents such as
antiviral compounds, antibacterial agents (for example, antibiotics), antifungal agents,

antiparasitic agents, anti-inflammatory agents, anti-cancer agents, etc.

In the methods described herein, the level of infection, for example, in a cell, or a
population of cells, or a cell culture, can be assessed by measuring an antigen or other
product associated with a particular infection. The level of infection can also be measured in
a tissue sample or a culture of cells from a subject, either before or after administration of one
or more compounds disclosed herein. For example, the level of viral infection can be
measured by real-time quantitative reverse transcription-polymerase chain reaction (RT-PCR)
assay (See for example, Payungporn et al. “Single step multiplex real-time RT-PCR for
H5N1 influenza A virus detection.” J Virol Methods. Sep 22, 2005; Landolt et la. “Use of
real-time reverse transcriptase polymerase chain reaction assay and cell culture methods for

detection of swine influenza A viruses” Am J Vet Res. 2005 Jan;66(1):119-24).

Methods of measuring bacterial growth and inhibition of bacterial growth are
provided in the Examples. Further, one of skill in the art would know how to determine the
concentration of a compound that inhibits bacterial infection (see, for example, Andrews, et
al. "Determination of minimum inhibitory concentrations". Journal of Antimicrobial

Chemotherapy 48 (suppl 1): 5-16 (2001)). Other methods for determining antifungal and
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antibacterial activity are known in the art. See, for example, Hayhoe et al. “Screening for
Antibacterial, Antifungal and Anti quorum Sensing Activity,” Methods Mol. Biol. 1055: 219-
225 (2013)); Doddanna et al. “Antimicrobial activity of plant extracts on Candida albicans:
An in vitro study Indian J. Dent. Res. 24(4): 401-405 (2013), both of which are incorporated

by this reference in their entireties.

As used throughout, by subject is meant an individual. Preferably, the subject is a
mammal such as a primate, and, more preferably, a human. Non-human primates are subjects
as well. The term subject includes domesticated animals, such as cats, dogs, etc., livestock
(for example, cattle, horses, pigs, sheep, goats, etc.) and laboratory animals (for example,
ferret, chinchilla, mouse, rabbit, rat, gerbil, guinea pig, etc.). Thus, veterinary uses and

medical formulations are contemplated herein.

As used herein, a biological sample is a sample derived from a subject such as a
mammal or human and includes, but is not limited to, any biological fluid, including a bodily
fluid. Examples of bodily fluids include, but are not limited to, whole blood, plasma, serum,
urine, saliva, ocular fluid, ascites, a stool sample, spinal fluid, tissue infiltrate, pleural
effusions, lung lavage fluid, and the like. The biological fluid includes a cell culture medium

or supernatant of cultured cells from the subject.

The methods and compounds as described herein are useful for therapeutic treatment.
Use of one or more of the compounds set forth herein for the treatment or prevention of
infection is also contemplated herein. One or more of the compounds set forth herein for use
in a method of treating or preventing infection is also provided herein. Therapeutic treatment
involves administering to a subject a therapeutically effective amount of one or more of the
agents described herein, optionally, after diagnosis of an infection or risk of infection in the
subject. Therefore, all of the methods disclosed herein, can optionally comprise the step of
diagnosing a subject with an infection or diagnosing a subject in need of prophylaxis or

prevention of infection.

As used herein, the terms treatment, treat, or treating refers to a method of reducing
the effects of a disease or condition or symptom of the disease or condition. Thus, in the
disclosed methods, treatment can refer to a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, or 100% reduction in the severity of an established disease or condition or symptom of
the disease or condition. For example, a method for treating a disease is considered to be a

treatment if there is a 10% reduction in one or more symptoms of the disease in a subject as

38



10

15

20

25

30

WO 2014/052836 PCT/US2013/062309

compared to a control. A control subject can be a subject that has not received a compound
set forth herein. Thus, the reduction can be a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, or any percent reduction in between 10% and 100% as compared to native or
control levels. It is understood that treatment does not necessarily refer to a cure or complete

ablation of the disease, condition, or symptoms of the disease or condition.

As utilized herein, by preventing infection is meant a method of precluding, delaying,
averting, obviating, forestalling, stopping, or hindering the onset, incidence, severity, or
recurrence of infection. For example, the disclosed method is considered to be a prevention
if there is about a 10% reduction in onset, incidence, severity, or recurrence of infection, or
symptoms of infection (e.g., inflammation, fever, lesions, weight loss, etc.) in a subject
exposed to an infection when compared to control subjects exposed to an infection that did
not receive a composition for decreasing infection. Thus, the reduction in onset, incidence,
severity, or recurrence of infection can be about a 10, 20, 30, 40, 50, 60, 70, 80, 90, 100%, or
any amount of reduction in between as compared to a control subject. For example, and not
to be limiting, if about 10% of the subjects in a population do not become infected as

compared to subjects that did not receive preventive treatment, this is considered prevention.

The compounds set forth herein can also be used to decrease infection in a cell. A
decrease or inhibition of infection can occur in a cell, in vitro, ex vivo or in vivo. As utilized
throughout, the term “infection” encompasses all phases of pathogenic life cycles including,
but not limited to, attachment to cellular receptors, entry, internalization, disassembly,
replication, genomic integration of pathogenic sequences, transcription of pathogen RNA,
translation of pathogen RNA, transcription of host cell mRNA, translation of host cell
mRNA, proteolytic cleavage of pathogenic proteins or cellular proteins, assembly of

particles, endocytosis, cell lysis, budding, and egress of the pathogen from the cells.

The compounds described herein can be provided in a pharmaceutical composition.
Depending on the intended mode of administration, the pharmaceutical composition can be in
the form of solid, semi-solid or liquid dosage forms, such as, for example, tablets,
suppositories, pills, capsules, powders, liquids, or suspensions, preferably in unit dosage form
suitable for single administration of a precise dosage. The compositions will include a
therapeutically effective amount of the compound described herein or derivatives thereof in
combination with a pharmaceutically acceptable carrier and, in addition, may include other

medicinal agents, pharmaceutical agents, carriers, or diluents. By pharmaceutically
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acceptable is meant a material that is not biologically or otherwise undesirable, which can be
administered to an individual along with the selected agent without causing unacceptable
biological effects or interacting in a deleterious manner with the other components of the

pharmaceutical composition in which it is contained.

As used herein, the term carrier encompasses any excipient, diluent, filler, salt, buffer,
stabilizer, solubilizer, lipid, stabilizer, or other material well known in the art for use in
pharmaceutical formulations. The choice of a carrier for use in a composition will depend
upon the intended route of administration for the composition. The preparation of
pharmaceutically acceptable carriers and formulations containing these materials is described
in, e.g., Remington's Pharmaceutical Sciences, 21st Edition, ed. University of the Sciences in
Philadelphia, Lippincott, Williams & Wilkins, Philadelphia Pa., 2005. Examples of
physiologically acceptable carriers include buffers such as phosphate buffers, citrate buffer,
and buffers with other organic acids; antioxidants including ascorbic acid; low molecular
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar
alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or
nonionic surfactants such as TWEEN® (ICI, Inc.; Bridgewater, New Jersey), polyethylene
glycol (PEG), and PLURONICS™ (BASF; Florham Park, NJ).

Compositions containing the compound(s) described herein suitable for parenteral
injection may comprise physiologically acceptable sterile aqueous or nonaqueous solutions,
dispersions, suspensions or emulsions, and sterile powders for reconstitution into sterile
injectable solutions or dispersions. Examples of suitable aqueous and nonaqueous carriers,
diluents, solvents or vehicles include water, ethanol, polyols (propyleneglycol,
polyethyleneglycol, glycerol, and the like), suitable mixtures thereof, vegetable oils (such as
olive oil) and injectable organic esters such as ethyl oleate. Proper fluidity can be maintained,
for example, by the use of a coating such as lecithin, by the maintenance of the required
particle size in the case of dispersions and by the use of surfactants.

These compositions may also contain adjuvants such as preserving, wetting,
emulsifying, and dispensing agents. Prevention of the action of microorganisms can be
promoted by various antibacterial and antifungal agents, for example, parabens,

chlorobutanol, phenol, sorbic acid, and the like. Isotonic agents, for example, sugars, sodium
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chloride, and the like may also be included. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of agents delaying absorption, for
example, aluminum monostearate and gelatin.

Solid dosage forms for oral administration of the compounds described herein or
derivatives thereof include capsules, tablets, pills, powders, and granules. In such solid
dosage forms, the compounds described herein or derivatives thereof is admixed with at least
one inert customary excipient (or carrier) such as sodium citrate or dicalcium phosphate or (a)
fillers or extenders, as for example, starches, lactose, sucrose, glucose, mannitol, and silicic
acid, (b) binders, as for example, carboxymethylcellulose, alignates, gelatin,
polyvinylpyrrolidone, sucrose, and acacia, (¢) humectants, as for example, glycerol, (d)
disintegrating agents, as for example, agar-agar, calcium carbonate, potato or tapioca starch,
alginic acid, certain complex silicates, and sodium carbonate, (¢) solution retarders, as for
example, paraffin, (f) absorption accelerators, as for example, quaternary ammonium
compounds, (g) wetting agents, as for example, cetyl alcohol, and glycerol monostearate, (h)
adsorbents, as for example, kaolin and bentonite, and (i) lubricants, as for example, talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, or
mixtures thereof. In the case of capsules, tablets, and pills, the dosage forms may also
comprise buffering agents.

Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular
weight polyethyleneglycols, and the like.

Solid dosage forms such as tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells, such as enteric coatings and others known in the art. They
may contain opacifying agents and can also be of such composition that they release the
active compound or compounds in a certain part of the intestinal tract in a delayed manner.
Examples of embedding compositions that can be used are polymeric substances and waxes.
The active compounds can also be in micro-encapsulated form, if appropriate, with one or
more of the above-mentioned excipients.

Liquid dosage forms for oral administration of the compounds described herein or
derivatives thereof include pharmaceutically acceptable emulsions, solutions, suspensions,
syrups, and elixirs. In addition to the active compounds, the liquid dosage forms may contain
inert diluents commonly used in the art, such as water or other solvents, solubilizing agents,
and emulsifiers, as for example, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl

acetate, benzyl alcohol, benzyl benzoate, propyleneglycol, 1,3-butyleneglycol,
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dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, corn germ oil, olive oil,
castor oil, sesame oil, glycerol, tetrahydrofurfuryl alcohol, polyethyleneglycols, and fatty acid
esters of sorbitan, or mixtures of these substances, and the like.
Besides such inert diluents, the composition can also include additional agents, such as
wetting, emulsifying, suspending, sweetening, flavoring, or perfuming agents.
Administration can be carried out using therapeutically effective amounts of the
agents described herein for periods of time effective to treat or prevent infection in a subject.
The effective amount may be determined by one of ordinary skill in the art and includes
exemplary dosage amounts for a mammal of from about 0.5 to about 200mg/kg of body
weight of active compound per day, which may be administered in a single dose or in the
form of individual divided doses, such as from 1 to 4 times per day. Alternatively, the dosage
amount can be from about 0.5 to about 150mg/kg of body weight of active compound per day,
about 0.5 to 100mg/kg of body weight of active compound per day, about 0.5 to about
75mg/kg of body weight of active compound per day, about 0.5 to about 50mg/kg of body
weight of active compound per day, about 0.5 to about 25mg/kg of body weight of active
compound per day, about 1 to about 20mg/kg of body weight of active compound per day,
about 1 to about 10mg/kg of body weight of active compound per day, about 20mg/kg of
body weight of active compound per day, about 10mg/kg of body weight of active compound
per day, or about Smg/kg of body weight of active compound per day.

According to the methods taught herein, the subject is administered an effective
amount of the compound. The terms effective amount and effective dosage are used
interchangeably. The term effective amount is defined as any amount necessary to produce a
desired physiologic response. Effective amounts and schedules for administering the agent
may be determined empirically, and making such determinations is within the skill in the art.
The dosage ranges for administration are those large enough to produce the desired effect in
which one or more symptoms of the disease or disorder are affected (e.g., reduced or
delayed). The dosage should not be so large as to cause substantial adverse side effects, such
as unwanted cross-reactions, anaphylactic reactions, and the like. Generally, the dosage will
vary with the activity of the specific compound employed, the metabolic stability and length
of action of that compound, the species, age, body weight, general health, sex and diet of the
subject, the mode and time of administration, rate of excretion, drug combination, and
severity of the particular condition and can be determined by one of skill in the art. The

dosage can be adjusted by the individual physician in the event of any contraindications.
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Dosages can vary, and can be administered in one or more dose administrations daily, for one
or several days. Guidance can be found in the literature for appropriate dosages for given

classes of pharmaceutical products.

Any appropriate route of administration can be employed, depending on whether local
or systemic treatment is desired, and on the area to be treated. The compositions are
administered via any of several routes of administration, including topically, orally,
parenterally, intravenously, intra-articularly, intraperitoneally, intramuscularly,
subcutaneously, intracavity, transdermally, intrahepatically, intracranially,
nebulization/inhalation, or by installation via bronchoscopy. Optionally, the composition is
administered by oral inhalation, nasal inhalation, or intranasal mucosal administration.
Administration of the compositions by inhalant can be through the nose or mouth via delivery
by spraying or droplet mechanism, for example, in the form of an acrosol. Pharmaceutical
compositions can be delivered locally to the area in need of treatment, for example by topical
application or local injection. Multiple administrations and/or dosages can also be used.
Effective doses can be extrapolated from dose-response curves derived from in vitro or

animal model test systems.

The disclosure also provides a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ingredients of the pharmaceutical compositions.
Optionally associated with such container(s) can be a notice in the form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals or biological
products, which notice reflects approval by the agency of manufacture, use or sale for human

administration. Instructions for use of the composition can also be included.

Also provided is a method of removing biofilm from a surface, comprising
administering an effective amount of one or more of the compounds provided herein to a
biofilm-containing surface, wherein the amount is effective to remove biofilm from the
surface. Removal of the biofilm from this surface does not have to be complete as this can
range from a reduction to complete removal of the biofilm. Thus, in the disclosed methods,
removal can refer to a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% reduction
in the amount of biofilm on a surface. For example, a method for removing biofilm from a
surface is considered to be removal if there is a 10% reduction in the amount of biofilm on
the surface as compared to a control. A control surface can be a biofilm containing surface

that has not received a compound set forth herein. Thus, the reduction can be a 10%, 20%,
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30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or any percent reduction in between 10% and

100% as compared to control.

Further provided is a method of preventing biofilm formation on a surface comprising
administering an effective amount of one or more of the compounds provided herein to the
surface, wherein the amount is effective to prevent biofilm formation. The surface can be
susceptible to biofilm formation. The biofilm can be produced by an organism selected from

the group consisting of bacteria, algae, fungi and protozoa.

The compound can be, but is not limited to, a compound of Formula I
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wherein R represents hydrogen or hydroxyl and R' represents hydrogen, or R and R' taken
together form a second bond between the carbon atoms bearing R and R'; R? represents
hydrogen or phenyl; # is zero or a positive whole integer of from 1 to 4; X represents CH,,
CHOH, NH, C=0, CHNR’R", where R* and R” independently are hydrogen or lower alkyl;
and Z represents thienyl, pyridinyl, substituted pyridinyl, phenyl or substituted phenyl
wherein the substituents on the substituted pyridinyl or substituted phenyl are selected from
phenyl, pyridinyl, nitro, a halogen atom, such as chlorine, fluorine, bromine, or iodine, a
straight or branched lower alkyl chain of from 1 to 4 carbon atoms, a lower alkoxy group of
from 1 to 4 carbon atoms, amino, a mono or di(lower)alkylamino group, a saturated
monocyclic heterocyclic group such as pyrrolidino, piperidino, morpholino, or N-
(lower)alkylpiperazino, or a group having the structure -COOR’, -CR°R’COOR’, -CF;,
CHF,, CH;F, or
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where R’ is hydrogen or lower alkyl, and R® and R” independently are hydrogen or methyl
or a pharmaceutically acceptable salt thereof.

One or more of the compounds set forth herein can be combined with one or more
biodegradable polymers to form a biodegradable antimicrobial composition. These
compositions can be applied to a surface or used as a coating. The biodegradable polymers
include but are not limited to polylactic acid, polyglycolic acid and copolymers and mixtures
thereof such as poly(L-lactide) (PLLA), poly(D,L-lactide) (PLA), polyglycolic acid
[polyglycolide (PGA)], poly(L-lactide-co-D,L-lactide) (PLLA/PLA), poly(L-lactide-co-
glycolide) (PLLA/PGA), poly(D,L-lactide-co-glycolide) (PLA/PGA), poly(glycolide-co-
trimethylene carbonate) (PGA/PTMC), poly(D,L-lactide-co-caprolactone) (PLA/PCL) and
poly(glycolide-co-caprolactone) (PGA/PCL); polyethylene oxide (PEO), polydioxanone
(PDS), polypropylene fumarate, poly(ethyl glutamate-co-glutamic acid), poly(tert-butyloxy-
carbonylmethyl glutamate), polycaprolactone (PCL), polycaprolactone co-butylacrylate,
polyhydroxybutyrate (PHBT) and copolymers of polyhydroxybutyrate, poly(phosphazene),
polyphosphate ester), poly(amino acid), polydepsipeptides, maleic anhydride copolymers,
polyiminocarbonates, poly[(97.5% dimethyl-trimethylene carbonate)-co-(2.5% trimethylene
carbonate)], poly(orthoesters), tyrosine-derived polyarylates, tyrosine-derived
polycarbonates, tyrosine-derived polyiminocarbonates, tyrosine-derived polyphosphonates,
polyethylene oxide, polyethylene glycol, polyalkylene oxides, hydroxypropylmethylcellulose,
polysaccharides such as hyaluronic acid, chitosan and regenerate cellulose, and proteins such
as gelatin and collagen, and mixtures and copolymers thereof, among others as well as PEG

derivatives or blends of any of the foregoing.

In the methods of removing or preventing biofilm formation, the surface can be a hard
(for example, glass, metal, wood, chrome, plastic, vinyl or formica) or a soft surface (for
example, cloth or upholstery). The methods set forth herein can be used to remove or prevent

biofilm formation in vitro, ex vivo or in vivo. The methods set forth herein can also be used to
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remove or prevent biofilm formation on a medical device or a part thereof. For example, the
methods set forth herein can be used to remove or prevent biofilm formation on an
implantable medical device such as a cardiac rhythm management device (for example, a
pacemaker, a defibrillator, an implantable cardioverter defibrillator (ICD) and a cardiac
resynchronization therapy defibrillator (CRT device), a neurostimulator, a pulse generator, a
drug pump, an infusion device, a physiological monitoring device (for example, a glucose
sensor), contact lenses, a stent, a catheter, tubing or a breast implant. Mesh, bandages, and
implantable devices, for example, can be coated with a compositions comprising one or more
of the compounds set forth herein. Further, organs can be treated with one or more of the
compounds set forth herein prior to transplantation in a subject. One or more of the
compounds set forth herein can be used to inhibit biofilm formation by one or more of
Staphylococcus aureus, Pseudomonas aeuroginosa, Staphylococcus epidermidis, Escherichia

coli or Acinetobacter baummanii.

As utilized herein, by preventing biofilm formation is meant a method of precluding,
delaying, averting, obviating, forestalling, stopping, or hindering the onset, incidence,
severity, or recurrence of biofilm formation. For example, the disclosed method is
considered to be prevention if there is about a 10% reduction in onset, incidence, severity, or
recurrence of biofilm formation on a surface when compared to a control surface that did not
receive a composition for preventing biofilm formation. Thus, the reduction in onset,
incidence, severity, or recurrence of biofilm can be about a 10, 20, 30, 40, 50, 60, 70, 80, 90,

100%, or any amount of reduction in between as compared to a control surface.

A biofilm can also exist or form in a biological subject, for example, on the teeth or
gums of a subject. Therefore, one or more of the compounds set forth herein can be in a
toothpaste, mouth rinse, gel, foam, varnish, polish, floss, dental strip, or copolymer membrane

in order to remove or prevent biofilm formation on a dental surface.

Further provided herein is a method of identifying an antimicrobial agent comprising
contacting a bacterial culture with a test agent and measuring adenylate kinase release in the
supernatant of the bacterial culture, wherein an increase in adenylate kinase release as
compared to a control indicates that the test compound is an antimicrobial agent. The control
can be a bacterial culture that was not contacted with the test compound. The bacterial
culture can be a culture of any bacterial strain, for example, a culture of any of the bacteria

disclosed herein. The bacterial culture can also be small colony variant bacterial culture or a
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biofilm associated bacterial culture. Examples of agents identified utilizing this method are

provided in the Examples.

Disclosed are materials, compositions, and components that can be used for, can be
used in conjunction with, can be used in preparation for, or are products of the disclosed
methods and compositions. These and other materials are disclosed herein, and it is
understood that when combinations, subsets, interactions, groups, etc. of these materials are
disclosed that while specific reference of each various individual and collective combinations
and permutations of these compounds may not be explicitly disclosed, each is specifically
contemplated and described herein. For example, if a method is disclosed and discussed and
a number of modifications that can be made to a number of molecules including in the
method are discussed, each and every combination and permutation of the method, and the
modifications that are possible are specifically contemplated unless specifically indicated to
the contrary. Likewise, any subset or combination of these is also specifically contemplated
and disclosed. This concept applies to all aspects of this disclosure including, but not limited
to, steps in methods using the disclosed compositions. Thus, if there are a variety of
additional steps that can be performed, it is understood that each of these additional steps can
be performed with any specific method steps or combination of method steps of the disclosed
methods, and that each such combination or subset of combinations is specifically

contemplated and should be considered disclosed.

Publications cited herein and the material for which they are cited are hereby

specifically incorporated by reference in their entireties.

The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how the compounds and/or methods claimed
herein are made and evaluated, and are intended to be purely exemplary of the invention and
are not intended to limit the scope of what the inventors regard as their invention except as
and to the extent that they are included in the accompanying claims.

EXAMPLE §

Fdentification of antimicrobial compounds

Adenviate kinase {AK) 1s a ubiguitous infracoliular cuzyrac that is released wto the
extracellular space upon cell fysis. As shown herein, AK release serves as a usefuld reporter of

bactericidal agent gctivity and can be explotied for antiroicrobial screening purposes. The AK
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assay exhibits improved sensitivity over that of growth-based assays and can detect agents
that are active against bacteria in chwnically relevant growth states that are dithicul to screen
using conventional approaches, such as small colony variants (SCV) and bacteria within
established biofilms. The usefulness of the AK assay was validated by sorecning a library of
off-patent drugs for agents that exhibit antimicrobial properties toward a variety of bacterial
specics, inclading fschierichia coli and all moembers of the “ESKAPE” pathogens
{Enterococcus faecivm, Staphyiococcus aureus, Kiehsiella preumoniae, Acinetacbacter
baumannii, Pseudomonas aeruginosa, and Enterobacter species). The assay detected
antibiotics within the Hbrary that were expected o be sctive against the organism screened.
Moreopver, 3% drugs clicited AK relcase. Examples include, the antihistamine, terfenadine,
which was active against S aireus plankionic, SCV population, and biofilo-associated colls
to name a fow, Tamoxifen, an esirogen recepior antagonist, was active toward £, faecium in
vigro and also reduced £ faeciom pathogenesis in a Galleria mellonella mifection model
These data demounstrate that the AK assay provides an attractive screening approach for
identifying now antimicrobial agents. Further, drugs identified using this screcmung approach,
for example, terfenadine and tarmoxifen, provide novel antimicrobial drug development

scattolds.

The ESKAPE pathogens frequently cause health care-associated bacterial infections
and can escape the effects of most currently avatlable antibiotics. The most successful and
widely applied method to identify agents with antibacterial activity has been whole-cell,
bacterial growth assays. I this approach, hibraries of small molecules or natural products are
screened for agents that i bactenial growth, However, growth-based assays have
fimitations. For example, the growth or no-growth readout has a Hmited dynamic range. This
is tikely to be problemanice because growth assays fack the sensitivity required to detect
antimicrobial molecnles that are present in low concenirations within complex natural
product extract libraries or compounds with limated antimicrobial activity. While the latter
wonld obviousty not represent a molecule that could be divectly translated to clinteal use
these low-activity hits could provide structurally novel scaffolds sustable for medicingl
chemistry-based optimization. In addition, iraditional growth-based assays are not readily
amenable to screening for agents that target bacteria within certain chinically relevant

bacterial growth states, such as established biofilms and small-colony variants.
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To address these Umitations, provided herein is a high-throughput sereen (HTS3-
compatible whole-cell assay to detect agents that divectly kil bacteria. The assay is based on
the release of intraceHular adenylate kinase (AK} into culture medium as a reporter of
bacterial cell death. As shown heretn, the AR assay exinbus iroproved sensitivity over that of
conventional whole-celi growth assays and displays specificity for bactericidal agents.
Farther, the assay can be used to screen for agents that kall smali-colony-variant bacteria and

bacteria within established biofilms.

To validate the AK assay as an HTS-compatible screening platform, the Prestaick
{thrary of off-patent drugs was screened against £. coff and cach of the ESKAPE pathogens.
This brary contains representative examples of nearly all classes of antibiotics, and the
bactericidal agents within the hibrary that were expected to be active against the organism
screened were wdentificd. Additionally, agents with no proviously reported antibiotic activity
were identified. Traditional MIC testing confirmed the antivaierobnal properties of many of
these molecules, showing that they could be repurposed as antinvicrobials or serve as lead
roolecules for antibiotic development. Consistont with that prediction, it was shown that one
of these compounds, tamoxifen, is active against £ faecium in a Galleria mellonella model
of infection. Fuarther, it was shown that terfenadine is active against plankionic, small-colony
variant, and biofilm-associated & @orens. Taken together, these data demoustrate that the AK
assay provides a genersl approach to screening for now antimicrobial agents active agamst a

variety of pathogens during planktonic and other disease-associated growth states.

Bacterial growth conditions- The bactenal species and strains used in these experiments are
fisted in Table 1.8 awrews stratn UAMS-1112 {generous gift from M. Smeltzer, University
of Arkansas Medical Center} is a stable small-colony variant of the comrnon lsboratory S
aurens strain 8325-4, which harbors a fem® deletion. Unless otherwise noted, bacteria were
grown for 16 h in Muelicr-Hinton (MH) {Becton, Dhckinson, Franklin Lakes, NJ) or brain
heart infusion {(BHI} (Becton, Dickinson) medium at 37°C on a rotary shaker at 2235 rotations
per min {rpim) and then used to moculate {1:100) fresh medium and processed, as described

below,
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Table 1-Bacterial Siraing
Species Strain Relevant resistance® Source orb
reference”
A f, I, Mp, T |
Enterococcus faecium 824-05 mp, CE, Cp, Cl, Mp, Tmp, Sul, Clinical isolate
Erm, Kan
USA300-
Staphylococcus aureus 0114 Amp, Cf, Cl, Sul, Kan 6
UAMS-1 IND 7
UAMS-1112 [Erm Univ. of Arkansas
RN4220 Cl 8
Klebsiella pneumoniae |cKP1 IAmp, Cp, Sul, Erm, Van 0
Acinetobact
cunetonacter 08-37-09  |Amp, Lz 10
baumannii
P
seudomonas PAOI Amp, Kan, Lz, Sul, Van 1
aeruginosa
Enterobacter cloacae PMD1001  |Amp, Erm, Lz, Sul, Van Clinical isolate
Escherichia coli 8295 Erm, Lz, Sul Clinical isolate

? Abbreviations: ampiciliin, Amp; colistin, Cl; cefirtaxone, CF ciprofioxacin, Cp;
erythroroyein, Erm; kanamycin, Kan; linezehid, Lz meropenem, My minocyehne,
Min; Sulfamethoxazole, Suly vancomyein, Van; not determined, NE; Univ,, university.

? CHuical isolates were obtained from the University of Rochester School of Medicine

and Dentistry.
Chemieals- The Prestwick Chemical Library of roolecules with known biological activities
was acquired from Prestwick Chemteal (Iilkirch, France). Toxilight BioAssay kits were
obtained from Lonza {Basel, Switzerland). Terfonadine, suloctidil, clomiphene citrate,
cefiriaxone, sulfamethoxarzole, ervihromyein, kanarayan, ciprofloxacin, rifarapin, ampicitlin,
mingeycline, tamoxifen, and trimethoprim were purchased from Sigma-Aldrich (8t Louis,
MO, Meropener, hnezolid, and vancomycin were purchased from Thermo Fisher

{Waltham, MA}. Colistin was purchased from APP Pharmaceuticals {Schaumburg, L),
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MIC testing- MIC testing was performed to determine the antibiotic susceptibility profile of
selectied bacterial strains according to Clindeal and Laboratory Standards (CLST) protocols
{Hindler et al. Anttimicrobial susceptibility testing, section 5. Clinical microbiology
procedures handbook, Vol 1 America Society of Microbiology, Washington, DC (2018},
Briefly, colonies of cach bacterial species were coliected from MH agar plates and suspended
in individual tubes of MH medium to an optical density (600 nm) of 0.8, The resulting
cultnres were incubated at 37°C in a votary shaker at 225 rpro to expouncutial phase (~1 % 1¢°

1
LT

CFU mi™h) and then diluted in frosh MH medivm to a coli density of ~3 x 107 CFU wl
microliters of the diluted cultures was added to 88 pl of MH mediom in individnal wells of a
96-well, round-bottom plate (Corning, Ine), and 2 ¢l of a stock solution of the mdicated
reference antibiotic or test compound (0 to 256 ug mi™) was added to each well. The carrier
solvent was cither water or dimethy! sulfoxide (DMSOY; final BMSO concentrations were
loss than or cqual to 29, Plates were fncubated at 37°C for 24 h, and the MIC was defined as

the lowest concentration of antibiotic in which there was no visible coll pelict in the wells,

Heat-killed bacterial AK velease assays- Overnight cultures of £, cofi sirain 8295 or &
aurens KN4228 were used to inoculate {1100 diltion) 25 mi of fresh MH medium and
grown at 37°C on a rotary shaker at 225 rpm to exponential phase {(~1 X 10" CFU mi ),
Cells were pelleted by centrifugation (2,000 » g and resuspended in 2.5 mi of sterile waler,
One milliliter of the resulting suspension was botled for 3 min and filter stenilized (0.45-um
filter) to romove cell debnis. The filtrate was serially diloted w sterile water, and 100 pl of
cach dilution was added to individual wells of a white-walled, 96-well plate {Corning, Inc.,
Cornping, NY ). To measure the AKX activity i the supernatants at each dilution, 100 yl of
Toxilight AK reagent was added to cach well, followed by incubation at room temperature
for 30 mun, and luminescence was measured using a Spectrabax M3 plate reader (Molccoular
Devices, Sunnyvale, CA) Cells were sertally diluted and plated fo enumerate CFU (TFU

mi '} before and after boiling to correlate coll lysis with viability.

AK assay 96-well format- Overnight cultures of each bacterial species were used to
noculate {1100 dilation) 25 mi of tresh MH medium and grown at 37°C on a rotary shaker
at 225 rpm to exponential phase {(~1 » 10" CFU mi™). Ninety-cight microliters of MH
medium, 2 ul of the indicated antibiotic, and § x 10° bacteria were added to individual wells
of & white-walled, 26-well microtiter plate. Well components were mixed by pipetting and

cubated at 37°C for 3 k. The plate was eqoilibrated to room temperature for 30 mun. Nexd,
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OO ul of Toxibight AK reagent was added to cach well and incubated at room temperature

for 30 min, and huvoinescence was measured using a SpectraMax MS plate reader,

AKX assay 384-wel format and high-throughput sereening- Overnight cultures of each
bacterial species were used to inoculate {1100 difution} 25 mi of fresh medinm and grown at
37°C on a rotary shaker at 225 rpm to exponential phase (~1 % 10" CFU mi ™) In a white-
walicd, 384-well plate, 24 @l of MH moedinm, 8.3 ul (50 1M of antibiotic or compound, and
5 % 10° bacteria were added to individual wells and incubated at 37°C for 3 h. The plates
were cquiiibrated at room temperature for T h Twenty-five microliters of ToxiLight AK
reagent was then added to cach well, followed by incubation at roow femporature for 30 min,

and luminescence was measured using a SpectraMax M3 plate reader,

AK assay of established bisfilms- Biofilms were grown as previously described {Beenben et
al. fafect. fmmun. 710 42006-4211 (2003); Musken ot al. Nat. Profoc. 51 1460-1459 (2010}
Tomaras ot al. Microbiclogy 149 3473-3483 (2003}, Brictly, P geruginosa and 4,
baumannii were cultured overnight in Luria-Bertant medium and then used to seed 96-well,
flat-botiom plates. Plates were incubated at 37°C 1o a buroidified wneanbator for 48 hto allow
the formation of static biotilms. Nonadherent cells were removed by aspiration and washing
with stertic phosphate-buftered saline (PBS). Fresh LB medium suppleracnted with §, 1x,
1=, or 100 MIC of antibiotic was added to cach well and incubated overnight at 37°C.
Following treatment, 100 pl of cach biofilm supernatant was transferred o 96-well, white-
walticd plates, 180 pl of Toxilaght AKX reagent was added to cach well, mixiores were
incubated for 30 min at room temperature, and luminescence was measured using a
SpectraMax M3 plate reader. Biofilm-associated bacteria were eourperated by resuspending
cach biofilm in frosh PBS and plating. For 8. auwrens UAMS-1 biofilms, 96-well, flat-bottom
plates were first cogted with 106 ul of 20% human plasroa in carbonate butter overnight at
4°C. Following coating, the plasma solotion was removed and cells were inoculated in cach
well 1200 in 100 pl of tryptic soy broth supplemented with 3% glucose and §.5% NaCL
Biofilms were cultured for 48 b in a bumidified weubator at 37°C. Established 5 aureus
biofilms were washed once with PBS and then treated with a 100 pl of ToxiLight fysis buffer
for 3 h, after which the amouut of AK released info supernatants was wcasured, as deseribed

ahove.

Small-colony variant AK assays- Thirty-six-hour cultures of & awreus strain UAMS-1112

were used to inoculate (1100 dilution) 100 mi of fresh MH medium and grown at 37°C ona
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rotary shaker at 225 rpm to an optical deunsity (800 nm) of 8.1 to (1.2, corresponding to ~1 =
10° CFU ml . Celis were pelicted by contrifugation and resuspended in 2 mi of frosh MH
mediam. Nincty-cight microliters of MH mediom containing 5 = 10° bacteria and 2 ul of the
indicated antibiotic were added to individual wells of @ white-walied, 96-well microtiter
plate. Well components were mxed by pipetiing and incubated at 37°C for 3 h. The plate was
equilibrated to room temperature for 30 min. Next, 100 ul of Toxtlight AK reagent was
added to cach well, followed by incubation at room temperature for 30 min, and

luminescence was measured using 8 SpectraMax MS plate reader.

Galleria mellonella vaodel of 8 aurens Wnfection- A Galleria mellonella wmodel of wfection
was used to measure the putative antimicrobial propertics of tamoxifen against £, faecium
and terfenadine against 5. aureus. To do 5o, overnught cultures of £ faecium strain 824-05 or
S, anereus strain USA3IG-0114 were used to fnoculate (1: 100 dilntion) 25 mi of fresh M
medivm and grown at 37°C on a rotary shaker at 225 rpm to cxponential phase {(~1 X ﬁl()g
CFU mi 'y, Cultures were pelleted by centrifugation (2,000 X g), washed with sterile PBS,
and resuspended at ~1 7 107 CFU mi ' in frosh PBS. Galleria mellonelia larvae {Vanderhorst

Wholesale, Inc.; St Marvs, OH) weighing 200 to 300 myg were moculated with 5 pl ot £

faecium or 8. aurens (5 7 16° CFU) into the last left proleg using a 10-pl Hamilton syringe.

Worms were then mock freated with either DMSO (negative control), vancomvein (20 my
ko ' positive control} at 2 k and 24 | postinoculation. For £, faecium studies, groups were

also treated with the test compound tamoxifen at 80, 160, or 320 mg kg ', whereas groups
were treated with the test compound terfonadine (83, 160, or 320 myp kg ') for §. qureus
studics. Treatments weore administered 1 the same manner as mtoction, except that cach
injection was i the next left proleg moving toward the head of the worm. Larvae were
housed 1n petrs dishes in the dark at 37°C and monitored for viability at the conchusion of the
study €48 b postinoculation};, worms were constdered dead if they did not respond to physical
stimnull. in addition to mock or compound treatment of infocted larvae, studies inchuded two
additional nonntected negative-control groups: one group that did not receive wnjections and
one group that was injected with PBS to control for the immpact of physical trauma. All

experimental groups contained 15 worms, and cach experiment was repeated three Hivaes.

Hationale for adenylate kinase as a reporter of bacterial cell Iysis- Adenyiate kinase {AK)
18 & ubigoitous intracellolar cozyme that catalyzes the conversion of 2 ADP « ATP + AMP

and 1s released mito the extraceular space upon call bysis. The promise of the assay is that
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agents which disrupt cellular integrity, either directly through damage of the membrane/cell
wall or indivectly following the death of the cell, will induce release of AK into the culture
medium, Extracelinlar AK s subsequently detected by the addition of commercially avatlable
Toxilight AK assay reporter cocktatl (Lovea, Basel, Switzerland), which generates a
fuminescent signal by uiilizing Al-generated ATP in the standard luciferase catalyzed
reaction {see Fig, 1) As shown herein, an AK assay was developed as a high-throughput

screening platform for antibacterial drug discovery.

The AK assay provides a sensitive measure of bacterial bysis- As an initial test of AK
release as a reporter of bactenial cell death for Grame-positive and Gram-negative organistas,
the sensitivity with which the assay measures AK in the culture supernatants of heat-killed £
cofi and S, aurcus was determined. Each bacterial specics was grown to exponential phase,
harvested, and resuspended at 1 x 107 CFU per mid in Mueller-Hinton (M) medium,
Bacterial suspensions were heat killed, and a 10-fold dilution series of supernatants was
prepared; an aliguot of cach heat-killed sample was plated to cosure 299% bacterial death.
The AK activity of the dilution series was measured and compared to the AK activity of
rnock-treated (viable) bacteria by Student’s ¢ test, In comparison to undreated cells, a
statistically significant increase o AK activity was detected at dilutions containing 1.7 x 19
or more heat-killed & coll supermatants, compared to results for live bactenia {see Fig, 2A)
AK activity increased ~433-fold and ~1,574-fold in cultures with 1 x 107 and | x 10" heat-
kitled £ cofi superuatands, respectively, compared to results for mock-treated bacteria, A
comparison of AK released from heat-kilied 8. gureis to that of mock-treated cells revealed a
statisticatly significant ditference i AK activity was detected at dilutions confaimng 1.8
10" or more hoat-killed S gureus supernatants, with a maximum 122-fold increase in AK
activity observed for 1 x 10% tysed cells. Taken together, these results indicate that the AK
assay reproductbly detects AK release following bacterial cell fysis and that the assay s
extremely sensitive, allowing the identification of agents that cause tysis n 0.0001% or
3.001% of the starting inoculum of &, coli or 80 aurens cells, respectively. Furthermore, the
AK assay exhibited a dynamic range of nearly 3 orders of magnitude and an excellent signal-

{0-NOISS 1aio,

The AK assay detects bactericidal molecules that are active against the ESKAPE
pathogens- Next, ability of the AK assay to detect the activities of bactericidal antibiotics
toward & coff and cach of the ESKAPE pathogens was examined. To do so, the MICs of six
classes of bactericidal antibiotics (penicillin, cephalosporin, quinolone, glycopeptide,
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carbapenens, and polymyxiny were determined for cach organism (see Table 2} An AK
assay was then perforroed at 8, §.125, 0.25%, 8.5, 1=, and 2x MIC of cach antibiotic, As
discussed below, AK release was detected at antibiotic concentrations below the MIC for
maost anfibiotics tested, showing that the AK assay is more sensitive than growth-based assays
for detecting bactericidal agents. As a representative example, Fig. 2B prescnts the AK assay
racasured polymyxin {cohistin}-mediated kithng of 4 Saumannii strain 98-37-09. The MIC of
cobistin for this strain 1s 4 pgml 7, whereas AK release was robustly detected at .25, 8.5,

and 1x MIC valye.
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The MIC measures for each ESKAPE pathogen and cach organisny's corresponding
fold increase in AK signal following treatment with §.5% and 1.0% the MIC are provided in
Table 2 {bactericidal agents). For four of the six bactericidal antibiotics tested, the AK assay
mroved o be superior to growih-based assayvs with respect to detecting the killing properties
of bactericidal agents at sub-MIC values. More specifically, 100% of the organisros thal were
determined to be susceptible to the cell wall-active antibiotics ampiciilin, meropenem, and
colistin exhibited a significant increase i AK signal &3-fold over that for vebicle-treated
cellsy at both 0.5% and 1.0+ their MICs. Eighty-three percent and 100% of cefiviaxone-
susceptible species exhibuied increased AK sigoal at 8.5 and 17 their MICs, respectively.
Five of six (3% ciprofloxacin-susceptible organisms exhibited AK signal at both §.5% and
EO MIC, Interestingly, the coll wall-targeted glveopeptide, vancomyein, caused significant

AK release at §.5% and 1.0% thetr MICs in only 409 and 68% of susceptible species.

To evaluate the speaificity of the assay for detecting bactericidal agents, moegsured AK
release by each of the ESKAPE pathogeus following exposure to five classes of bacteriostatic
agends (sulionanude, tetracychine, macrohide, anunoglycoside, and oxaroliding) was also
measured. To do this, the MIC value of cach bactertostatic antibiotic/organism pair was
measured by @ conventional growth-based approach. AK release by each bacterial species
following treatrocnt with 8.5 or 1.0X MIC of cach bacteriostatic agent was subscquently
measured. As shown in Fig. 3, 8 gureis strain RN4228 was suscepiible to all agents tested
but bacteriostatic agents generated very low AK release, whereas bactericidal antibiotics
generated robust AK detection. In most instances, a similar trend was observed for the other
ESKAPE pathogens, indicating that the assay enriches for the wdentification of bactericidat
agents, which are arguably the most valuable antibiolics becanse they can be used to treat
patients with nmunological defects or rapidly lothal infections (Table 2, bacteniostatic
agents). Two exceptions were noted. Surpristngly, A, haumannii gencrated significant AK
stgnal in response to all the bacteriostatic agents evaluated, showing that AK release may bea
featore of a voore general stress vesponse in this organism. Addihonally, the bacteniostatic

agent minocyeline generated signal by five of the eight (63%) organisms tested.

Taken together, these results show that the AK assay provides a viable screening
approach for identifying bactericidal agents at sub-MICs that could otherwise be missaed by

graowth-based assays. Further, because the AK assay relics on bacterial killing as opposed o
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growth changes fo gensrate its readount, it was hypothesized that it would provide a format to

develop screens that are not readily avatlable by couventional, growth-based approaches.

Use of the AK assay to identify agents with antimicrobial activities against established
biotilms and small colony variants- Established bacterial biofilms represent a particularly
proablematic discase state, in part because binfilm-associsted bacteria are vecalctirant to
conventional antibiotic therapy. Thus, they bave been a focus of antibiotic development, As a
result, a number of approaches to screening for molecules with activity toward bacterial
biofires have been developed vecently (Bonowt et all Environ, 8icrod. 76: 4136-4147; Perez
et al. Lest. Appi. Microb. 31331337 (2010)). Although cach has its advantages, they alse
have g nurnber of hmitations, inclading reproducibility, reliance on speciahized equipment, or
low throughput, It was hypothesized that the AK assay would provide a solution to some of
these problems because it s rapid, sensitive, and simple to perform and i detects bactericidal

molecules, the type of antibioticos required 1o treat established biofilms.

To determine whether the AK assay could detect agents with activity against
catablished biofilma, 8. gurens strain UAMS-1, 4. bawmanndi strain 98-37-09, and 7.
aeruginosa strain PADT static botilms were formed in 96-well flat-bottom plates, Forty-
cight hours postinoculation, one well corresponding to cach organism was stained with
crystal viclet to verify that biofilm formation had ocourred, whereas the remaining wells were

ated with 10 the MIC value with cither colistin (4. Saumannii biotilms) or aiprofloxacn
{(P. geruginosa, and 8. gurews biofilms). Folowing overnight antibiotic treatment, biofilm-
associated bacteria were enumerated by plating, and the corresponding supernatants weore
analyzed by the AK assay. Plating verified that 10x MIC antibiotic treatment resulted in a
significant reduction in biofilm-associated P geruginosa {a 3. 1-log decreasey, S, aureus (3
}.7-tog decrease}, and A, havmannii (a 1.8-log decrease) compared to findings for untreated
biotilros. As shown in Fig. 4A, corresponding AK measures indicated that the assay robustly
detects the mild effects of these antibiotics on each bacterial species tested, showing that it
represents a promising approach to identify agents that exhibit bactericidal activity toward

established hacterial biofilms.

Ancther contoxt in which the AK assay can be particularly valuable 15 1 the
identification of molecules that exhibit bactericidal activity toward bacterial small-colony
variants {SCVY SCV are slow-growing populations of bacterial species that have been

hypothestzed to cause latent or recurrent infections and are tolerant of standard antibiotic
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treatment regimens. Based on the aberrant SCV growth characteristics, typical growth-based
HTS assays would be difticult to employ. Accordingly, the ability of the AK assay to wdenuify
agents that ki S, guress SCV strain UAMS-1112 was tested. To do so, 1 % 16° UAMS-1112
cells were freated with 1 or 10 MIC arprofloxacin, meropenem, or vancorayein for 3 h.
Following treatment, suspensions were plated to measure the antimicrobial propertics of each
antibiotic, and the AK assay was performed to measure adenylate kinase release. Plating
revealed that ciprofloxacin and vancomycin had no effect on SCV viability at any
concentration tested and extibiied no change in AKX release in comparison to results for
maock-treated colls (Fig. 4B), supporting the observation that § aureus small-colony varants
are recalcitrant to antibintic treatment. Meropenem treatment resuited in a (.5-log decrease
SOV viability, which corresponded to a 2.5-fold fncrease in AK signal compared to that for
mock-treated cells (Fig. 4B). Taken together, these results show that the AK assay provides
the sensitivity needed to detect the slight antinucrobial effects of antibiotics, such as

meropenem, toward S aurens STV,

Validation of AK a¢ an HTS-compatible assay of antibacterial activity- To test the
vigbility of the AK assay as a general tool in HTS-based antibacterial small-moelecule
discovery, optimized assay parameters, including mocuhum, drog focubation fime, and AK
reaction time, for sercening planktonic ESKAPE species as well as £, cofi in a 3R4-well
format were determined. Based on these experiracnts, a standardized assay, as described
above, was developed. As part of this optimization process, control assays in a 384~well
forraat were performed to measure the signal o noise and reproducibility of the assay o an
HTS manner, For this, plates were seeded with £ cofi or an ESKAPE pathogen. Alternating
columns of the plate were then mixed with either 29 DMSBO (negative control) or a
bactericidal antibiotic {posttive controly, and AK sigonal was detected; & representative resul
for DMSG- and colistin-ireated K. preumoniae 1s shown in Fig. SA. Comparisons of the
variance in signal between positive- and negative-control rocasures mdicated that the AK
assay provides Z'-factor scores between .59 and .82 {depending on the specific grganismy,

indicating that the assay s sufficiently robust for HTS

AK-based sereening of Hborary of off-patent drugs and biclogically active molecules- To
further validate the AK assay protocol, £, coli and each of the ESKAPE pathogens was
screened against the Prestwick library of FD A-approved drugs and biclogically active
molecules (1,120 coropounds, total; 30 oM final drug conceniration). The Prestwick library
contains representatives of nearly all classes of antibiotics currently in clinical use, making #t

60
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an ideal library for testing the ability of the AK assay to detect bactericidal agents in g high-
throughput screening format, Accordingly, the Hbrary was sereened for antirmicrobial agents
that were active against planktonic £ cofi and cach of the ESKAPE pathopens using the AK
assay; the cotoff for positive-scoring molecules was set at a 3-fold increase i extraceliular
AK activity, correaponding to the detection Hott of statistically significant increases in AK
activity for plankionic bacteria. The hit rates for the different organisms ranged from 1.4% to
4.8%; a representative example of raw screening data for Kiehsiella prevmonice is shown in
Fig. SB. Screening resuits for all ESKAPE pathogens are sumunarized 1 Table 3, whereas

results for all cornpounds within the Prestwick Bbrary are provided m Table 4.

Table 3- Preswick library acroening resuls

INo. of active agents for species

Compound E: coli . faecitum jureusﬂ Zieumoni ae /btzumanni i# aP.eruginosa - cloacae

Bactericidal 45 4 25 19 17 21 16

Bacteriostatic |2 1 14 0 7 0 1

Detergent 2 2 2 2 2 1 0

Other 5 9 10 4 18 1 12
Totall54 16 51 25 44 23 29

“ Tewacyclines were ident:fied,

61
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Consistent with expectations, a detailed assessment of the hits revealed that AK
screening enriches for the identification of bactericidal compounds (Table 3). More
specifically, 100% of the antibiotics that were identified to be active against P. aeruginosa or
K. pneumoniae represented bactericidal agents. Similarly, 96%, 94%, and 80% of the
antibiotics that were active against E. coli, E. cloacae, and E. faecium, respectively, were
bactericidal antibiotics. The assay identified 71% and 64% bactericidal antibiotics for A4.

baumannii and S. aureus.

Among the bactericidal antibiotics detected, B-lactam, cephalosporin, polymyxin, and
fluoroquinolone antibiotics were active against Gram-negative pathogens (E. coli and the
ESKAPE pathogens A. baumannii, P. aeruginosa, and K. pneumoniae), and penicillins,
cephalosporins, quinolines, glycopeptides, and carbapenems were active toward S. aureus
(see Table 4). It was also determined that clofazimine, which was initially developed as an
antimycobacterial agent and was recently shown to exhibit bactericidal activity toward S.
aureus, was indeed active against S. aureus. Bacteriostatic compounds, such as clindamycin,
and macrolides, such as erythromycin, were not identified as being active toward any of the
species tested. Interestingly, many tetracyclines were identified as killing S. aureus strain
USA300-0114 and A. baumannii strain 98-37-09. In addition, the library contains membrane-
active antiseptics, such as chlorhexidine, and with the exception of E. cloacae, these were
also strong hits against all organisms tested. Screening results also revealed that the E.
faecium strain tested proved to be resistant to most classes of antibiotics within the Prestwick
library by MIC testing (Table 2), and this was also observed in the AK assay, indicating that
the assay exhibits a low false-positive rate. Interestingly, the assay also detected 38 drugs
with no known antimicrobial properties (denoted as “other” in Table 3) that were active

against each organism; see Table 4 for a complete list of these compounds.

Antimicrobial activities of nonantibiotic drugs that induce AK release- Recently, the
exploration of the so-called “off-target” activities of previously developed drugs has emerged
as an approach to identify chemical scaffolds that could be exploited for new therapeutic
indications. In that regard, Prestwick library screening results revealed that 4% to 56%
(depending on the organism) of the members that generated significant AK signal were

compounds with no previously reported antimicrobial activity (see Table 4).
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To determine whether the 38 nonantibiotics identified in the screen have potential for
repurposing as anti-infectives, 4 nonantibiotic drugs that were commercially available were
further evaluated by two secondary assays. First, dose-response assays were performed to
validate that they induced AK activity, and all were reconfirmed. Second, the in vitro
antimicrobial activity for each drug was measured by standard MIC testing. With the
exception of one drug/organism pair, all drugs exhibited in vitro activity toward each
organism. More specifically, tamoxifen, suloctidil, and clomiphene exhibited MICs of 8 g
ml ™ against E. faecium. S. aureus and A. baumannii were susceptible to terfenadine (16-ug
ml™" MIC and 64-pug ml™' MIC, respectively). Suloctidil was also detected to be active
against P. aeruginosa by both primary and confirmatory AK screens, but the drug did not
elicit an antimicrobial response by MIC measures. Some strains of P. aeruginosa secrete AK

at high cell density, and it is possible that suloctidil may trigger a similar response.

Terfenadine and tamoxifen, which exhibited antimicrobial properties toward
planktonic S. aureus and E. faecium cells, respectively, were characterized further.
Terfenadine was evaluated for activity against S. aureus biofilms and small-colony variants
using the AK assays described above. Treatment of 48-h S. aureus strain UAMS-1 biofilms
with 10x-MIC terfenadine elicited a modest 2.7-fold increase in AK release (see Fig. 6A);
plating-based viability assays determined that this correlated with a 1.1-log reduction in
biofilm cell viability, which was comparable to the activity of ciprofloxacin under the same
assay conditions (see Fig. 4A). Similarly, treatment of S. aureus small-colony-variant
UAMS-1112 cells with 10x MIC terfenadine elicited a 3.3-fold increase in AK signal in
comparison to that for mock-treated cells (see Fig. 6A). Conventional MIC testing

subsequently verified that terfenadine is active against UAMS-1112 at 2 ug ml ™"

Next, the in vivo antimicrobial properties of terfenadine and tamoxifen were evaluated
using a Galleria mellonella model of S. aureus and E. faecium infection, respectively. For
terfenadine, groups of larvae (n = 45) were infected with 1.0 x 10°S. aureus USA300-1114
cells. Worms were then treated at 2 h and 24 h with a range of terfenadine concentrations (20
to 160 mg kg '), vehicle (DMSO; negative control), or 20 mg kg™ vancomycin (positive
control), and larval survival was assessed 48 h postinoculation. For tamoxifen studies,
experiments were performed exactly as described above except that larvae were inoculated
with 1.4 x 10°E. faecium strain 824-05 cells and larvae were treated with either 80 or 160 mg

kg ' tamoxifen. Terfenadine-treated larvae did not reproducibly exhibit increased survival
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relative to vehicle-treated larvae. However, tamoxifen treatment of E. faecium-infected
larvae resulted in a dose-dependent increase in survival. As shown in Fig. 6B, treatment with
80 or 160 mg kg ' resulted in a 4.2-fold- or 7-fold-higher survival, respectively, than was
found with vehicle-treated controls. Taken together, these results indicate that terfenadine
exhibits in vitro activity toward S. aureus planktonic, SCV, and biofilm populations and that
tamoxifen is active toward planktonic E. faecium and against the organism in a simple animal
model of infection. As discussed below, these data show that tamoxifen and terfenadine

represent attractive new chemical scaffolds for antibacterial optimization.

As set forth herein, Prestwick library screening revealed that each bacterial species
studied was susceptible to members of the library with no previously reported antimicrobial
activity. The antimicrobial properties of two of these drugs was studied in more detail:
terfenadine and tamoxifen. Terfenadine is a nonsedating antihistamine based on a 4-
substituted piperidine scaffold. Based on further studies, it was determined that terfenadine
acts as a topoisomerase inhibitor and is structurally similar to certain topoisomerase
inhibitors, including for example novel bacterial topoisomerase II inhibitor (NBTI). Based
on the structural similarity between terfenadine and these molecules, it is likely that
terfenadine is acting as a DNA gyrase and topoisomerase inhibitor. More specifically,
terfenadine and derivatives thereof act as topoisomerase 4 inhibitors. Furthermore, it was
found that terfenadine has activity against S. aureus small-colony variants and biofilms,

properties not previously reported for this scaffold.

A screen of E. faecium identified two structurally related nonsteroid estrogen receptor
antagonists, tamoxifen and clomiphene. Tamoxifen is used to treat some forms of estrogen-
receptor-positive breast cancer, while clomiphene is used in fertility treatment regimens.

These two compounds are members of the triarylethylene class of estrogen receptors.

Since the number of agents with activity toward enterococcus is quite limited,
tamoxifen's in vivo activity was investigated using a Galleria model of enterococcus
infection. Although it was not as active as vancomycin, tamoxifen did impart a survival
benefit, indicating that it has in vivo antimicrobial activity. High-dose tamoxifen therapy has
been used in experimental treatment of refractory human cancers, and dosing results in
micromolar serum concentrations of tamoxifen corresponding to the levels of drug associated

with antienterococcal activity observed in the studies provided herein.
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In addition to providing a powerful new HTS approach to identify antimicrobial
agents active against planktonic bacteria, an AK assay that is easily amenable to screening
bacteria in disease states that cannot be readily screened via conventional approaches is
provided herein. In that regard, the AK assay is capable of measuring the killing properties of
bactericidal agents administered to biofilms formed by both Gram-negative and Gram-
positive representatives of the ESKAPE pathogens. Similarly, the AK assay can detect the
bactericidal properties of antibiotics toward a phenotypically stable S. aureus small-colony
variant. These features can be exploited to develop corresponding high-throughput screening
assays for the identification of agents that kill established biofilms and small-colony variants
or provide powerful secondary assays aimed at characterizing the potential antimicrobial

properties of molecules of interest.
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EXAMPLE 11

Antimicrobial properties of terfenadine and terfenadine derivaties.

Terfenadine derivatives were synthesized as described below.

® i
Cl

HO. »- HO

General Method A

KSC-335-007

1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one. To a
vial was added the diphenyl(piperidin-4-yl)methanol (1.190 g, 4.45 mmol), 1-(4-(tert-
butyl)phenyl)-4-chlorobutan-1-one (1.012 g, 4.24 mmol), sodium bicarbonate (0.427 g, 5.09
mmol) with water:2-butanone (18 mL, 1:5). The reaction stirred at 85 °C for 16 h and was
then cooled to rt and water (50 mL) was added. The reaction was extracted with EtOAc (3 x
50 mL). The EtOAc layer was dried with MgSO,, filtered, concentrated and purified by
MPLC (20 min, 0 - 10% MeOH:DCM) to produce pure 1-(4-(tert-butyl)phenyl)-4-(4-
(hydroxydiphenylmethyl) piperidin-1-yl)butan-1-one (1.37 g, 2.92 mmol, 69% yield) as a
colorless oil. '"HNMR (500 MHz, CDCls): 3 7.90 (d, J = 8.4 Hz, 2H), 7.49 — 7.45 (m, 6H),
7.31 -7.25 (m, 4H), 7.20 — 7.14 (m, 2H), 2.97 — 2.92 (m, 4H), 2.45 — 2.36 (m, 3H), 2.09 (br
s, 1H), 2.00 — 1.87 (m, 4H), 1.49 — 1.32 (m, 4H), 1.34 (s, 9H). *C NMR (125 MHz, CDCl):
0 199.7, 156.5, 146.0, 134.5, 128.1, 128.0, 126.4, 125.7, 125.4,79.4, 57.9,43.9, 43 .4, 44.1,
36.2,35.0,31.0,26.2,21.9. LCMS Retention time: 4.207 min. LCMS purity 99.5%. HRMS
(ESI): m/z caled for C3,H30NO, [M+H]" 470.2981, found 470.3054.

( o &

Cl

HO N HO 5
ohe’ SA¢
KSC-335-005

4-(4-(Hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-isopropylphenyl)butan-1-one.
Method A: diphenyl(piperidin-4-yl)methanol (0.620 g, 2.317 mmol), 4-chloro-1-(4-
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isopropylphenyl)butan-1-one (0.496 g, 2.207 mmol), sodium bicarbonate (0.222 g, 2.65

O -

mmol) with water (3 mL) and 2-butanone (15 mL, Ratio: 5). to produce pure 4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-isopropylphenyl)butan-1-one (0.481 g, 1.056
mmol, 48% yield) as a colorless oil. '"H NMR (500 MHz, CDCls): § 7.89 (d, J = 8.4 Hz, 2H),
7.49 —7.45 (m, 4H), 7.31 — 7.26 (m, 6H), 7.20 — 7.14 (m, 2H), 2.98 — 2.91 (m, 4H), 2.45 —
2.35 (m, 1H), 2.38 (t, /= 6.8 Hz, 2H), 2.08 (br s, 1H), 1.99 — 1.89 (m, 4H), 1.61 (br s, 1H),
1.48 - 1.33 (m, 4H), 1.27 (d, J= 6.8 Hz, 6H).

KSC-335-006

1-(4-(tert-butyl)phenyl)-5-(4-(hydroxydiphenylmethyl)piperidin-1-yl)pentan-1-one.
Method A: diphenyl(piperidin-4-yl)methanol (0.544 g, 2.035 mmol), 1-(4-(tert-butyl)phenyl)-
5-chloropentan-1-one (0.490 g, 1.938 mmol), sodium bicarbonate (0.195 g, 2.326 mmol)
with water:2-butanone (18 mL, 1:5) to produce pure 1-(4-(tert-butyl)phenyl)-5-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)pentan-1-one (0.600 g, 1.240 mmol, 64.0 % yield) as
a colorless oil. 'H NMR (500 MHz, CDCl;): 6 7.89 (d, J = 8.4 Hz, 2H), 7.49 — 7.45 (m, 6H),
7.32-7.26 (m, 4H), 7.20 — 7.14 (m, 2H), 2.98 — 2.92 (m, 4H), 2.48 — 2.32 (m, 3H), 2.14 (br
s, 1H), 1.99 — 1.89 (m, 2H), 1.77 — 1.62 (m, 2H), 1.60 — 1.42 (m, 6H), 1.34 (s, 9H).

‘ i O
cl
HO » HO

O NH O N

KSC-335-008

1-(4-(tert-butyl)phenyl)-3-(4-(hydroxydiphenylmethyl)piperidin-1-yl)propan-1-one.
Method A: diphenyl(piperidin-4-yl)methanol (0.543 g, 2.032 mmol), 1-(4-(tert-
butyl)phenyl)-3-chloropropan-1-one (0.435 g, 1.936 mmol), sodium bicarbonate (0.195 g,
2.323 mmol) with water:2-butanone (18 mL, 1:5) to produce pure 1-(4-(tert-butyl)phenyl)-3-
(4-(hydroxydiphenyl methyl)piperidin-1-yl)propan-1-one (0.838 g, 1.84 mmol, 95% yield)
as a colorless oil. 'H NMR (500 MHz, CDCls): & 7.89 (d, J = 8.4 Hz, 2H), 7.50 — 7.45 (m,
6H), 7.32 - 7.25 (m, 4H), 7.21 — 7.14 (m, 2H), 3.15 (t, /= 7.1 Hz, 2H), 3.01 — 2.96 (m, 2H),
2.81(t,J="7.1 Hz, 2H), 2.49 — 2.42 (m, 1H), 2.15 — 2.04 (m, 3H), 1.56 — 1.46 (m, 4H), 1.33
(s, 9H). C NMR (125 MHz, CDCls): § 198.9, 171.1, 156.8, 145.8, 134.3, 128.2, 128.0,
126.5, 125.8, 125.5,79.4, 60.4, 54.2, 53 .4, 44.0, 36.3, 35.1, 31.1, 26 4, 21.1, 14.2. LCMS
Retention time: 3.968 min. LCMS purity 98.1%. HRMS (ESI): m/z calcd for C3;H37NO,
[M+H]" 456.2824, found 456.2897.
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KSC-335-009

1-(4-chlorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one. Mcthod A:
diphenyl(piperidin-4-yl)methanol (0.626 g, 2.341 mmol), 4-chloro-1-(4-chlorophenyl) butan-
1-one (0.484 g, 2.229 mmol), sodium bicarbonate (0.225 g, 2.68 mmol) with water:2-
butanone (18 mL, 1:5) to produce pure 1-(4-chlorophenyl)-4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one (0.394 g, 0.879 mmol, 39.4 % yield) as
a colorless oil. 'H NMR (400 MHz, CDCls): & 7.90 (d, J = 8.4 Hz, 2H), 7.48 — 7.44 (m, 4H),
7.42 (d,J=8.6 Hz, 2H), 7.31 — 7.26 (m, 4H), 7.20 — 7.15 (m, 2H), 3.96 — 2.89 (m, 4H), 2.45
—2.34 (m, 3H), 2.08 (br s, 1H), 1.99 — 1.87 (m, 4H), 1.50 — 1.30 (m, 4H).

HO
o . HO
N OH
N
General Method B

KSC-335-014, Terfenadine

1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol. To a
vial was added the 1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-
yl)butan-1-one (KSC-335-007 (0.198 g, 0.422 mmol) and MeOH (2 mL). The sodium
borohydride (0.032 g, 0.844 mmol) was then added and the reaction stirred at rt for 3 h. The
reaction was concentrated to dryness, water (5 mL) was added and a white precipitate
formed. The precipitate was filtered out and then dissolved in DCM (10 mL), dried with
MgSO,, filtered and concentrated to produce pure 1-(4-(tert-butyl)phenyl)-4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol (0.151 g, 0.320 mmol, 76% yield) as on
oil. '"HNMR (400 MHz, CDCl3): § 7.52 — 7.46 (m, 4H), 7.33 — 7.25 (m, 8H), 7.21 — 7.15 (m,
2H), 4.61 —4.56 (m, 1H), 3.16 — 3.11 (br m, 1H), 3.00 — 2.94 (m, 1H), 2.51 — 2.34 (m, 4H),
2.10 — 1.88 (m, 4H), 1.83 — 1.75 (m, 1H), 1.70 — 1.45 (m, 6H), 1.30 (s, 9H). *C NMR (125
MHz, CDCls): 6 149.4, 146.1, 146.0, 142.7, 128.2, 128.1, 126.4, 126.3, 125.7, 125.6, 125.3,
125.0,79.2,73.4, 589, 54.7,53.3,44.2,39.7, 34.4, 31.4, 26.0, 25.9, 24.1. LCMS Retention
time: 4.137 min. LCMS purity 97.5%. HRMS (ESI): m/z calcd for C3,H4 NO, [M+H]"
472.3144, found 472.3219.
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KSC-335-012

4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-isopropylphenyl)butan-1-ol. Method
B: 4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-isopropylphenyl)butan-1-one (KSC-
335-005) (0.154 g, 0.338 mmol) and MeOH (2 mL) sodium borohydride (0.026 g, 0.676
mmol) to produce pure 4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-
isopropylphenyl)butan-1-ol (0.146 g, 0.319 mmol, 94% yield) as on oil. 'H NMR (400 MHz,
CDCl3): 8 7.52 — 7.46 (m, 4H), 7.32 — 7.23 (m, 6H), 7.20 — 7.14 (m, 4H), 4.61 — 4.58 (m,
1H), 3.18 = 3.11 (br m, 1H), 3.00 — 2.94 (br m, 1H), 2.87 (septet, J = 6.9 Hz, 1H), 2.50 — 2.33
(m, 3H), 2.29 (br s, 1H), 2.10 — 1.89 (m, 3H), 1.82 — 1.44 (m, 8H), 1.22 (d, /= 6.9 Hz, 6H).
BC NMR (125 MHz, CDCly): § 147.2, 146.1, 146.0, 128.2, 128.1, 126.5, 126.4, 126.1, 1257,
125.7,79.2,73.5, 58.9, 54.7, 53.3,44.2, 39.9, 33.7, 26.0, 25.9, 24.2, 241, 24.0. LCMS
Retention time: 4.056 min. LCMS purity 98.6%. HRMS (ESI): m/z calcd for C31H3oNO,
[M+H]" 458.2986, found 458.3062.

L C

KSC-335-013

1-(4-(tert-butyl)phenyl)-5-(4-(hydroxydiphenylmethyl)piperidin-1-yl)pentan-1-ol.
Method B: 1-(4-(tert-butyl)phenyl)-5-(4-(hydroxydiphenylmethyl)piperidin-1-yl)pentan-1-
one (KSC-335-006) (0.204 g, 0.422 mmol) and MeOH (2 mL) and sodium borohydride
(0.032 g, 0.844 mmol) to produce pure 1-(4-(tert-butyl)phenyl)-5-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)pentan-1-o0l (0.156 g, 0.321 mmol, 76 % yicld) as on
oil. '"HNMR (400 MHz, CDCls): & 7.50 — 7.45 (m, 4H), 7.36 (d, J = 8.4 Hz, 2H), 7.31 — 7.24
(m, 6H), 7.19 — 7.14 (m, 2H), 4.65 — 4.60 (m, 1H), 2.98 —2.90 (br m, 1H), 2.48 — 2.38 (m,
1H), 2.30 (t,/=7.2 Hz, 2H), 2.23 (br s, 1H), 1.97 — 1.87 (m, 2H), 1.84 — 1.60 (m, 4H), 1.55 —
1.35 (m, 8H), 1.31 (s, 9H). *C NMR (125 MHz, CDCl3): & 150.3, 146.0, 142.0, 128.1, 126.4,
125.8,125.5,125.3,79.4,74.1, 58 4, 54.1, 54.0, 44.2, 38.5, 34.5, 31.4, 31.3, 26.5, 26.3, 26 .2,
23.7. LCMS Retention time: 4.254 min. LCMS purity 96.4%. HRMS (ESI): m/z calcd for
C13H43NO, [M+H]" 486.3294, found 486.3370.
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KSC-335-015

1-(4-chlorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol. Method B:
1-(4-chlorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one (KSC-335-009)
(0.156 g, 0.348 mmol) and MeOH (2 mL) sodium borohydride (0.026 g, 0.696 mmol) to
produce pure 1-(4-chlorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol
(0.118 g, 0.262 mmol, 75% yield) as on oil. 'H NMR (400 MHz, CDCls): & 7.51 — 7.46 (m,
4H), 7.32 - 7.24 (m, 8H), 7.20 — 7.15 (m, 2H), 4.61 — 4.56 (m, 1H), 3.16 — 3.10 (br m, 1H),
2.97-291 (m, 1H), 2.51 — 2.33 (m, 4H), 2.12 — 1.88 (m, 3H), 1.83 — 1.75 (m, 1H), 1.78 —
1.46 (m, 8H). “C NMR (125 MHz, CDCls): § 146.0, 145.9, 144.5, 139.1, 128.19, 128.18,
128.1, 127.1, 126.49, 126.45, 125.62, 125.57,79.2, 72.9, 58.8, 54.7, 53.2, 44.2, 40.2, 26.0,
25.9,24.1. LCMS Retention time: 3.845 min. LCMS purity 98.4%. HRMS (ESI): m/z calcd
for C,3H,CINO, [M+H]" 450.2122, found 450.2194.

L C

KSC-335-016

1-(4-(tert-butyl)phenyl)-3-(4-(hydroxydiphenylmethyl)piperidin-1-yl)propan-1-ol.
Method B: 1-(4-(tert-butyl)phenyl)-3-(4-(hydroxydiphenylmethyl)piperidin-1-yl)propan-1-
one (KSC-335-008) (0.116 g, 0.255 mmol) and MeOH (2 mL) and sodium borohydride
(0.019 g, 0.509 mmol) to produce pure 1-(4-(tert-butyl)phenyl)-3-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)propan-1-ol (0.106 g, 0.232 mmol, 91% yield) as on
oil. '"HNMR (400 MHz, CDCls): & 7.49 — 7.44 (m, 4H), 7.36 — 7.25 (m, 8H), 7.22 — 7.16 (m,
2H), 6.72 (br s, 1H), 4.90 — 4.85 (m, 1H), 3.21 — 3.15 (br m, 1H), 3.11 — 3.05 (br m, 1H), 2.70
—2.62 (m, 1H), 2.57 - 2.40 (m, 2H), 2.14 - 2.06 (m, 2H), 1.91 — 1.79 (m, 3H), 1.57 - 1.45
(m, 4H), 1.31 (s, 9H). *C NMR (125 MHz, CDCls): 3 149.6, 145.8, 145.7, 141.9, 128.2,
128.1, 126.6, 126.5, 125.8, 125.7, 125.2, 125.0, 79.4, 75.3, 57.3, 55.2, 53.2, 44.1, 34 4, 33.7,
31.4,26.7,26.4. LCMS Retention time: 4.006 min. LCMS purity 97.7%. HRMS (ESI): m/z
caled for C31H3:oNO, [M+H]" 458.2991, found 458.3066.

133



WO 2014/052836 PCT/US2013/062309

0
O NHV\)kO ] O N%

KSC-335-018

4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-phenylbutan-1-one. Method A:
diphenyl(piperidin-4-yl)methanol (0.524 g, 1.961 mmol), 4-chloro-1-phenylbutan-1-one
(0.300 ml, 1.868 mmol), sodium bicarbonate (0.188 g, 2.241 mmol) with water:2-butanone
(18 mL, 1:5) to produce pure 4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-phenylbutan-1-
one (0.177 g, 0.428 mmol, 23% yield) as a colorless oil. 'H NMR (500 MHz, CDCl3): § 7.98
—7.94 (m, 2H), 7.57 - 7.52 (m, 1H), 7.49 — 7.42 (m, 6H), 7.32 - 7.26 (m, 4H), 7.20 - 7.15
(m, 2H), 3.00 — 2.90 (m, 4H), 2.46 — 2.35 (m, 3H), 2.09 (br s, 1H), 2.00 — 1.87 (m, 4H), 1.50
—1.33 (m, 4H).

0 SiT\
cl g,

KSC-335-020

1-(tert-butyl)-4-(4-chlorobutyl)benzene. To a vial was added the 1-(4-(tert-butyl)phenyl)-
4-chlorobutan-1-one (0.266 g, 1.114 mmol) and triethylsilane (0.518 g, 0.712 ml, 4.46 mmol)
with TFA (4 mL). The reaction stirred at 75 °C for 18 h, was cooled to rt and concentrated in
vacuo. The residue was then dissolved in DCM (5 mL) and washed with water (4 mL). The
DCM layer was collected and washed with water (1 x 5 mL), dried with MgSO4, filtered and
adsorbed to silica and purified by Teledyne ISCO Combiflash chromatography (20 min, O -
40% EtOAc:Hex) and fractions 4 and 5 were collected to produce pure 1-(tert-butyl)-4-(4-
chlorobutyl)benzene (0.155 g, 0.690 mmol, 61.9 % yield) as an oil. '"H NMR (400 MHz,
CDCl3): 6 7.32 (d,J= 7.6 Hz, 2H), 7.12 (d, J = 7.6 Hz, 2H), 3.56 (t, /= 6.5 Hz, 2H), 2.62 (t,
J=7.5Hz, 2H), 1.87 - 1.74 (m, 4H), 1.32 (s, 9H).

HO HO
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KSC-335-021

4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-phenylbutan-1-ol. Method B: 4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)-1-phenylbutan-1-one (KSC-335-018) (0.065 g,
0.157 mmol) and MeOH (2 mL) and sodium borohydride (0.012 g, 0.314 mmol) to produce
pure 4-(4-(hydroxydiphenylmethyl) piperidin-1-yl)-1-phenylbutan-1-ol (0.048 g, 0.116
mmol, 73% yield) as on oil. 'H NMR (400 MHz, CDCLs): 8 7.51 — 7.46 (m, 4H), 7.37 — 7.33
(m, 2H), 7.32 = 7.26 (m, 5H), 7.23 — 7.14 (m, 3H), 4.65 —4.61 (m, 1H), 3.15(d, /= 11.7 Hz,
1H),2.96 (d, J=11.7 Hz, 1H), 2.52 - 2.31 (m, 4H), 2.11 — 1.90 (m, 3H), 1.84 — 1.74 (m,
2H), 1.70 — 1.44 (m, 7H). "C NMR (125 MHz, CDCLs): & 146.0, 145.9, 145.8, 128.2, 128.1,
128.0, 126.6, 126.5, 126.4, 125.6, 125.6, 79.2, 73.6, 58.9, 54.7, 53.3, 44 .2, 40.1, 26.0, 25.9,
24.1. LCMS Retention time: 3.711 min. LCMS purity 99.8%. HRMS (ESI): m/z calcd for
CysH3:NO, [M+H]' 416.2517, found 416.2592.
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KSC-335-022

Methyl 2-methyl-2-(4-(4-((methylsulfonyl)oxy)but-1-yn-1-yl)phenyl)propanoate. To a
vial was added the methyl 2-(4-(4-hydroxybut-1-yn-1-yl)phenyl)-2-methylpropanoate (0.051
g, 0.207 mmol) and dry DCM (2 mL). The methanesulfonyl chloride (0.047 g, 0.032 mL,
0.414 mmol) and pyridine (0.147 g, 0.151 mL, 1.864 mmol) were each added and the
reaction and stirred at rt for 16 h. The reaction was then diluted with DCM (5 mL) and
washed with 1% w/v sulfuric acid in water (3 x 7 mL), saturated NaHCO3 (7 mL) and brine
(7 mL). The organic layer was dried with MgSO4, filtered and concentrated to produce
methyl 2-methyl-2-(4-(4-((methylsulfonyl) oxy)but-1-yn-1-yl)phenyl)propanoate (0.063 g,
0.194 mmol, 94 % yield). "H NMR (400 MHz, CDCls): & 7.35 (d, J = 8.6 Hz, 2H), 7.26 (d, J
= 8.6 Hz, 2H), 4.38 (t, J = 6.8 Hz, 2H), 3.64 (s, 3H), 3.06 (s, 3H), 2.87 (t, /= 6.8 Hz, 2H),
1.56 (s, 6H).
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KSC-335-023

4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-methoxyphenyl)butan-1-one. Method
A: diphenyl(piperidin-4-yl)methanol (0.490 g, 1.832 mmol), 4-chloro-1-(4-
methoxyphenyl)butan-1-one (0.371 g, 1.744 mmol), sodium bicarbonate (0.176 g, 2.093
mmol) with water (3 mL) and 2-butanone (15 mL) to produce pure 4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-methoxyphenyl)butan-1-one (0.282 g, 0.636
mmol, 36% yield) as a colorless oil. "H NMR (400 MHz, CDCls): § 7.94 (d, J = 9.0 Hz, 2H),
7.49 —7.45 (m, 4H), 7.31 - 7.26 (m, 4H), 7.17 (tt, J, = 7.3 Hz, J, = 1.3 Hz, 2H), 6.92 (d, J =
8.9 Hz, 2H), 3.87 (s, 3H), 2.97 (br s, 1H), 2.93 (t, /= 7.3 Hz, 2H), 2.48 — 2.35 (m, 3H), 2.02
—1.88 (m, 4H), 1.63 — 1.40 (m, 4H).
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1-(4-Fluorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one. Method
A: diphenyl(piperidin-4-yl)methanol (0.385 g, 1.439 mmol), 4-chloro-1-(4-
fluorophenyl)butan-1-one (0.275 g, 1.371 mmol), sodium bicarbonate (0.138 g, 1.645 mmol)
with water (3 mL) and 2-butanone (15 mL) to produce pure 1-(4-fluorophenyl)-4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one (0.174 g, 0.403 mmol, 29% yield) as a
colorless oil. '"H NMR (400 MHz, CDCls): & 8.00 — 7.96 (m, 2H), 7.48 — 7.44 (m, 4H), 7.31 —
7.26 (m, 4H), 7.20 — 7.15 (m, 2H), 7.14 — 7.08 (m, 2H), 2.97 — 2.94 (m, 4H), 2.46 — 2.36 (m,
3H), 2.15 (br s, 1H), 2.01 — 1.88 (m, 4H), 1.52 — 1.35 (m, 4H).

KSC-335-024
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KSC-335-025

1-(4-Bromophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one. Mcthod
A: diphenyl(piperidin-4-yl)methanol (0.439 g, 1.642 mmol), 1-(4-bromophenyl)-4-
chlorobutan-1-one (0.409 g, 1.564 mmol), sodium bicarbonate (0.158 g, 1.877 mmol) with
water (3 mL) and 2-butanone (15 mL) to produce pure 1-(4-bromophenyl)-4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one (0.245 g, 0.498 mmol, 32% yield) as a
colorless oil. '"H NMR (400 MHz, CDCls): & 7.83 — 7.79 (m, 2H), 7.60 — 7.56 (m, 2H), 7.48 —
7.45 (m, 4H), 7.31 - 7.26 (m, 4H), 7.20 — 7.15 (m, 2H), 2.95 — 2.90 (m, 4H), 2.45 — 2.35 (m,
3H), 2.17 (br s, 1H), 2.00 — 1.88 (m, 4H), 1.51 — 1.33 (m, 4H).
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KSC-335-030

4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-methoxyphenyl)butan-1-ol. Mcthod B:
4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-methoxyphenyl)butan-1-one (KSC-335-
023) (0.113 g, 0.255 mmol) and MeOH (2 mL) and sodium borohydride (0.019 g, 0.509
mmol) to produce pure 4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(4-
methoxyphenyl)butan-1-ol (0.062 g, 0.139 mmol, 55% yield) as on oil. "H NMR (400 MHz,
CDCls): 6 7.51 — 7.46 (m, 4H), 7.32 — 7.24 (m, 6H), 7.20 — 7.15 (m, 2H), 6.84 (d, /= 7.0 Hz,
2H), 4.60 — 4.56 (m, 1H), 3.78 (s, 3H), 3.14 (d, J=11.7 Hz, 1H), 2.95 (d, /= 11.7 Hz, 1H),
2.50 - 2.35 (m, 4H), 2.10 — 2.02 (m, 1H), 1.99 — 1.86 (m, 2H), 1.80 — 1.73 (m, 1H), 1.69 —
1.45 (m, 7H). C NMR (125 MHz, CDCl5): & 158.3, 146.1, 146.0, 138.1, 128.1, 128.1,
126.7,126.4, 126.4, 125.7, 125.6, 113.5, 79.2, 73.2, 58.9, 55.2, 54.7, 53.2, 442, 40.0, 26.0,
25.9,24.1. LCMS Retention time: 3.620 min. LCMS purity 98.3%. HRMS (ESI): m/z calcd
for C20H3sNO; [M+H]' 446.2652, found 446.2728.
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KSC-335-031

1-(4-fluorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol. Mecthod B: 1-
(4-fluorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one (KSC-335-024)
(0.064 g, 0.148 mmol) and MeOH (2 mL) and sodium borohydride (0.011 g, 0.297 mmol) to
produce pure 1-(4-fluorophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol
(0.059 g, 0.136 mmol, 92% yield) as on oil. '"H NMR (400 MHz, CDCls):  7.51 — 7.46 (m,
4H), 7.33 —7.25 (m, 6H), 7.20 — 7.14 (m, 2H), 6.96 (t, J = 8.8 Hz, 2H), 4.61 — 4.57 (m, 1H),
3.14(d,J=11.7Hz, 1H),2.94 (d, J=11.7 Hz, 1H), 2.51 — 2.35 (m, 4H), 2.13 — 2.02 (m,
1H), 2.02 — 1.86 (m, 2H), 1.78 — 1.45 (m, 7H). "C NMR (125 MHz, CDCL;): & 162.6,
160.7, 146.0, 145.9, 141.7, 141.6, 128.2, 128.1, 127.2, 127.1, 126.5, 126.4, 125.6, 125.5,
114.9,114.7,79.2,73.0, 58.8, 54.8, 53.1, 44.2, 40.3, 30.9, 26.0, 25.9, 24.1. LCMS Retention
time: 3.691 min. LCMS purity 98.5%. HRMS (ESI): m/z calcd for CpsH3,FNO, [M+H]"
434.2406, found 434.2482.
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KSC-335-032

1-(4-bromophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol. Method B:
1-(4-bromophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one (KSC-335-025)
(0.083 g, 0.169 mmol) and MeOH (2 mL) and sodium borohydride (0.013 g, 0.337 mmol) to
produce pure 1-(4-bromophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol
(0.053 g, 0.107 mmol, 63.6 % yield) as on oil. "HNMR (400 MHz, CDCls): § 7.51 — 7.46
(m, 4H), 7.41 (d, J= 6.8 Hz, 2H), 7.32 - 7.26 (m, 4H), 7.22 (d, /= 6.6 Hz, 2H), 7.20-7.15
(m, 2H), 4.60 — 4.56 (m, 1H), 3.14 (d, /= 11.7 Hz, 1H), 2.93 (d, /= 11.7 Hz, 1H), 2.50 —
2.42 (m, 1H), 2.41 — 2.34 (m, 2H), 2.11 — 2.05 (m, 1H), 2.01 — 1.95 (m, 1H), 1.94 — 1.86 (m,
1H), 1.78 — 1.45 (m, 8H). "°C NMR (125 MHz, CDCLs): & 146.0, 145.9, 145.1, 131.1, 128 2,
128.1, 127.5, 126.5, 126.4, 125.6, 125.6, 120.2, 79.2, 72.9, 58.8, 54.7, 53.2, 44.1, 40.1, 26.0,
25.9,24.1. LCMS Retention time: 3.902 min. LCMS purity 99.1%. HRMS (ESI): m/z calcd
for CosH3,BrNO, [M+H]" 494.1614, found 494.1673.
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(1-(4-(4-(tert-butyl)phenyl)butyl)piperidin-4-yl)diphenylmethanol. To a vial was added
the diphenyl(piperidin-4-yl)methanol (0.153 g, 0.571 mmol), 1-(tert-butyl)-4-(4-
chlorobutyl)benzene (KSC-335-020) (0.154 g, 0.685 mmol) and potassium carbonate (0.473
g, 3.43 mmol) in acetonitrile. The reaction stirred overnight at 85 0C and for 18 h and was
then cooled to rt and filtered. The filtrate was then diluted with brine and extracted with
diethyl ether (3 x 15 mL). The ether layers were combined, dried with MgSO4, filtered and
purified by reverse-phase MPLC (20 min, 10 - 100% MeCN:H20) to produce pure (1-(4-(4-
(tert-butyl)phenyl)butyl)piperidin-4-yl)diphenylmethanol (0.180 g, 0.395 mmol, 69% yield)
as an oil. '"H NMR (400 MHz, CDCl;): 3 7.38 — 7.34 (m, 4H), 7.19 — 7.14 (m, 6H), 7.07 —
7.02 (m, 2H), 6.99 — 6.95 (m, 2H), 2.86 — 2.80 (m, 2H), 2.45 (t,/=7.3 Hz, 2H), 2.35 - 2.26
(m, 1H), 2.22 —2.17 (m, 2H), 1.84 — 1.76 (m, 3H), 1.52 — 1.30 (m, 8H), 1.18 (s, 9H). “C
NMR (125 MHz, CDCls): 6 171.1, 148.4, 146.0, 139.4, 128.1, 128.0, 126.4, 125.8, 125.1,
79.5,60.4, 58.8,54.1,44.2,35.2,34.3,31.4,29.5,26.8, 26.4, 21.0, 14.2. LCMS Retention
time: 3.928 min. LCMS purity 97.8%. HRMS (ESI): m/z calcd for C3,H4y NO [M+H]"
456.3188, found 456.3261.

OMe OMe

KSC-335-053

Methyl 4-(1,3-dithian-2-yl)benzoate. A flame dried vial was evaporated 3 times with argon
and methyl 4-formylbenzoate (0.50 g, 3.05 mmol) was added with anhydrous DCM (8.70
mL) followed by 1,3-propanedithiol (0.339 mL, 3.35 mmol). The reaction began to stir at rt

for 1.5 h. The reaction was then cooled to 0 °C and the BF3-OEt, (0.425 ml, 3.35 mmol) was
added dropwise. The reaction was then warmed slowly to rt and stirred overnight. The
reaction was then diluted with DCM (15 mL) and quenched with saturated NaHCO, (15 mL)

and the DCM layer was dried with MgSO,, filtered and adsorbed to silica and purified by
MPLC (20 min, 0 - 35% EtOAc:Hex) to produce methyl 4-(1,3-dithian-2-yl)benzoate (0.669
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g, 2.63 mmol, 86% yield). "H NMR (400 MHz, CDCLs): 5 8.01 (d, J = 8.4 Hz, 2H), 7.54 (d, J
= 8.3 Hz, 2H), 3.91 (s, 3H), 3.12 — 3.03 (m, 2H), 2.96 — 2.90 (m, 2H), 2.23 — 2.16 (m, 1H),
2.01 - 1.89 (m, 1H), 1.55 (s, 2H).
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KSC-335-054

Methyl 2-(4-(4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)but-1-yn-1-yl)phenyl)-2-
methylpropanoate. To a vial was added the diphenyl(piperidin-4-yl)methanol (0.528 g,
1.974 mmol), methyl 2-methyl-2-(4-(4-((methylsulfonyl)oxy)but-1-yn-1-
yl)phenyl)propanoate (KSC-335-022) (0.582 g, 1.794 mmol) and potassium carbonate (0.744
g, 5.38 mmol) with acetonitrile (10 mL). The reaction stirred at 70 °C for 18 h and cooled to
rt and filtered to remove the potassium carbonate. The filtrate was adsorbed to silica gel and
purified by reverse-phase MPLC (20 min, 10 - 100% MeCN:H20) to produce pure methyl 2-
(4-(4-(4-(hydroxydiphenylmethyl) piperidin-1-yl)but-1-yn-1-yl)phenyl)-2-methylpropanoate
(0.434 g, 0.876 mmol, 49% yield). 'H NMR (400 MHz, CDCls): & 7.49 — 7.46 (m, 4H), 7.34
—7.27 (m, 6H), 7.25 — 7.15 (m, 4H), 3.64 (s, 3H), 3.03 — 2.97 (m, 2H), 2.68 — 2.63 (m, 2H),
2.59-2.54 (m, 2H), 2.48 —2.40 (m, 1H), 2.14 — 2.06 (m, 2H), 1.63 (br s, 1H), 1.55 (s, 6H),
1.55 - 1.45 (m, 4H).
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KSC-335-056

Methyl 4-(2-(3-chloropropyl)-1,3-dithian-2-yl)benzoate. To a dry vial was added the
methyl 4-(1,3-dithian-2-yl)benzoate (KSC-335-053) (0.256 g, 1.01 mmol) and this was
evacuated with argon 3 times. The dry THF (7 mL) was added and the reaction was cooled
to -78 °C at and the NaHMDS (1.258 mL, 1.258 mmol) was added. After 30 minutes the 1-
chloro-3-iodopropane (0.531 mL, 5.03 mmol) was added. The reaction was then allowed to
warm to rt overnight. The mixture was quenched with the addition of saturated NH,CI (10

mL) at and diluted with EtOAc (15 mL) and shaken. The EtOAc layer was collected, dried
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with MgSO,, filtered and adsorbed to silica and purified by MPLC (20 min, - 25%
EtOAc:Hex) to produce pure methyl 4-(2-(3-chloropropyl)-1,3-dithian-2-yl)benzoate (0.102
g, 0.308 mmol, 31% yield). ). '"H NMR (400 MHz, CDCls): & 8.07 — 8.03 (m, 2H), 8.01 —
7.98 (m, 2H), 3.93 (s, 3H), 3.41 (t, /= 6.4 Hz, 2H), 2.74 — 2.62 (m, 4H), 2.19 — 2.13 (m, 2H),
1.99 -1.92 (m, 2H), 1.78 — 1.70 (m, 2H).
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(8)-1-(4-(tert-butyl)phenyl)-4-chlorobutan-1-ol. To a flame-dried vial was added dry THF
(2 mL) and then cooled to 0 °C. The 1.0 M R-5,5-Diphenyl-2-methyl-3,4-propano-1,3,2-
oxazaborlidine (0.105 mL, 0.105 mmol) in THF was added followed by the 2.0 M borane-
methyl sulfide complex (0.654 mL, 1.309 mmol) in THF. The reaction began to stir at 0 °C
for 30 minutes. To another flame-dried vial was added the 1-(4-(tert-butyl)phenyl)-4-
chlorobutan-1-one (0.250 g, 1.047 mmol) and this was evacuated with argon 3 times then
dissolved in dry THF (5 mL) and the oxazaborlidine solution was added dropwise at 0 °C and
the reaction was allowed to warm to rt stirred for 2 h. The reaction was quenched with
MeOH (10 mL) extracted with EtOAc (20 mL) then was washed with 1.0 M HCI (3 x 25
mL). The EtOAc layer was dried with MgSO4, filtered and concentrated to produce pure
(S)-1-(4-(tert-butyl)phenyl)-4-chlorobutan-1-o0l (0.248 g, 1.030 mmol, 98% yield).
[alpha]25589 = -24.0° (¢ = 10 in CHCI3). 'H NMR (400 MHz, CDCl:): & 7.38 (d, J= 8.4 Hz,
2H), 7.28 (d, J=8.4,2H), 4.71 — 4.67 (m, 1H), 3.61 — 3.53 (m, 2H), 1.98 — 1.79 (m, 4H),
1.32 (s, 9H).

Cl Cl

KSC-335-060

(R)-1-(4-(tert-butyl)phenyl)-4-chlorobutan-1-ol. Prepared the same as KSC-335-059 with
1.0 M (8)-5,5-diphenyl-2-methyl-3,4-propano-1,3,2-oxazaborlidine (0.105 ml, 0.105 mmol),
2.0 M Borane-methyl sulfide complex (0.654 ml, 1.309 mmol) and 1-(4-(tert-butyl)phenyl)-
4-chlorobutan-1-one (0.250 g, 1.047 mmol) to produce pure (R)-1-(4-(tert-butyl)phenyl)-4-

chlorobutan-1-ol (0.216 g, 0.897 mmol, 86% yield). [alpha]25589 = +23.1° (¢ = 10 in
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CHCI,). 'H NMR (400 MHz, CDCL): § 7.38 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4, 2H), 4.71
—4.67 (m, 1H), 3.61 — 3.53 (m, 2H), 1.98 — 1.79 (m, 4H), 1.32 (s, 9H).
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KSC-335-061

Methyl 4-(4-chlorobutanoyl)benzoate. To a vial was added the methyl 4-(2-(3-
chloropropyl)-1,3-dithian-2-yl)benzoate (KSC-335-056) (0.102 g, 0.308 mmol) and
acetonitrile (1.5 mL) with water (0.2 mL). The (bis(trifluoroacetoxy)iodo)benzene (0.199 g,
0.462 mmol) was then added and the reaction stirred at rt for 1 h. The reaction was quenched
with saturated NaHCO, (7 mL) then diluted with EtOAc (10 mL) and extracted. The EtOAc
was collected and washed with water (2 x 8 mL) and then dried with MgSO,, filtered and
adsorbed to silica and purified by MPLC (20 min, 0 - 25% EtOAc:hex to produce pure
methyl 4-(4-chlorobutanoyl)benzoate (0.0512 g, 0.213 mmol, 69% yield). 'H NMR (400
MHz, CDCls): 6 8.11 (d, J = 8.00 Hz, 2H), 8.00 (d, J = 8.6 Hz, 2H), 3.93 (s, 3H), 3.67 (t, J =
6.1 Hz, 2H), 3.19 (t, J = 6.1 Hz, 2H), 2.22 (quintet, /= 6.3 Hz, 2H).
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KSC-335-062

(S)-1-(4-(tert-butyl)phenyl)-4-chlorobutyl acetate. To a vial was added the (S)-1-(4-(tert-
butyl)phenyl)-4-chlorobutan-1-ol (KSC-335-059) (0.248 g, 1.030 mmol) and diethyl ether
(5.15 ml). The TEA (0.215 mL, 1.545 mmol) was added followed by the acetyl chloride
(0.073 mL, 1.030 mmol) and the reaction began to stir at rt for 2 h. A white precipiate
formed immediately. Water (5 mL) was added the reaction after 2 h and the ether layer was
extracted. The aqueous was extracted again with more ether and the combined organics were
dried with MgSO,, filtered and concentrated to produce pure (S)-1-(4-(tert-butyl)phenyl)-4-

chlorobutyl acetate (0.250 g, 0.884 mmol, 86 % yicld). [alpha]25589 =-42.11, (c = 10,
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CH,CL,). 'HNMR (400 MHz, CDCl3):  7.36 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 8.4 Hz, 2H),
5.78 - 5.73 (m, 1H), 3.53 (t, J = 6.4 Hz, 2H), 2.06 (s, 3H), 2.02 — 1.68 (m, 4H), 1.31 (s, 9H).
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KSC-336-063

(R)-1-(4-(tert-butyl)phenyl)-4-chlorobutyl acetate. Prepared the same as KSC-335-062
with (R)-1-(4-(tert-butyl)phenyl)-4-chlorobutan-1-ol (KSC-335-060) (0.216 g, 0.897 mmol)
and diethyl ether (4.5 mL), TEA (0.188 ml, 1.346 mmol) and acetyl chloride (0.064 ml, 0.897
mmol) to produce pure (R)-1-(4-(tert-butyl)phenyl)-4-chlorobutyl acetate (0.249 g, 0.880
mmol, 98% yield). [alpha]25589 = +54.57, (c = 10, CH,CL). 'H NMR (400 MHz, CDCl3): &
7.36 (d, /= 8.4 Hz, 2H), 7.25 (d, J = 8.4 Hz, 2H), 5.78 — 5.73 (m, 1H), 3.53 (t,/ = 6.4 Hz,
2H), 2.06 (s, 3H), 2.02 — 1.68 (m, 4H), 1.31 (s, 9H).
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KSC-335-064

(S)-1-(4-(tert-butyl) phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl acetate.
To a vial was added the diphenyl(piperidin-4-yl)methanol (0.154 g, 0.578 mmol), (S)-1-(4-
(tert-butyl)phenyl)-4-chlorobutyl acetate (0.196 g, 0.693 mmol) (KSC-335-062) and
potassium carbonate (0.319 g, 2.310 mmol) in acetonitrile ( 10 mL). The reaction stirred
overnight at 70 °C for 18 h and was then cooled to rt and filtered. The filtrate was then
diluted with DCM and washed with water (10 mL) and brine (10 mL). The DCM layers were
combined, dried with MgSO,, filtered and purified by reverse-phase MPLC (20 min, 10 -
100% MeCN:water) to produce pure (S)-1-(4-(tert-butyl)phenyl)-4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)butyl acetate (0.135 g, 0.263 mmol, 46% yield) as a
brown oil. '"H NMR (400 MHz, CDCl:): & 7.48 — 7.45 (m, 4H), 7.35 — 7.14 (m, 10H), 5.73 —
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5.68 (m, 1H),2.93 — 2.87 (m, 2H), 2.46 — 2.37 (m, 1H), 2.87 (t, J= 7.7 Hz, 2H), 2.11 (br s,
1H), 2.04 (s, 3H), 1.95 — 1.84 (m, 3H), 1.80 — 1.72 (m, 1H), 1.53 — 1.38 (m, 6H), 1.29 (s, 9H).
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KSC-335-065

(R)-1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl acetate.
Prepared the same way as KSC-335-064 with diphenyl(piperidin-4-yl)methanol (0.196 g,
0.734 mmol), (R)-1-(4-(tert-butyl)phenyl)-4-chlorobutyl acetate (KSC-335-063) (0.249 g,
0.880 mmol) and potassium carbonate (0.406 g, 2.93 mmol) in acetonitrile to produce pure
(R)-1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl acetate (0.237
g, 0.461 mmol, 63% yield) as a brown oil. 'H NMR (400 MHz, CDCls): & 7.48 — 7.45 (m,
4H), 7.35 - 7.14 (m, 10H), 5.73 — 5.68 (m, 1H), 2.93 — 2.87 (m, 2H), 2.46 — 2.37 (m, 1H),
2.87(t,J="1.7Hz, 2H), 2.11 (br s, 1H), 2.04 (s, 3H), 1.95 — 1.84 (m, 3H), 1.80 — 1.72 (m,
1H), 1.53 — 1.38 (m, 6H), 1.29 (s, 9H).
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KSC-335-066

Methyl 2-(4-(4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butanoyl)phenyl)-2-
methylpropanoate. To a vial was added the methyl 2-(4-(4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)but-1-yn-1-yl)phenyl)-2-methylpropanoate (KSC-
335-054) (0.074 g, 0.149 mmol). The mercuric oxide (1.493 ml, 0.045 mmol) was made into
a 0.03 M solution in 4% w/v sulfuric acid and added to the starting material then heated to 55
°C and stirred for 3.5 h. The reaction turned a milky white color upon addition of the
mercuric oxide solution. The reaction was removed from heat and diluted with saturated
NaHCO, (10 mL) and extracted with DCM (3 x 10 mL). The DCM layers were combined

and dried with MgSQ4, filtered and concentrated then purified by reverse-phase MPLC (10 -
100% MeCN:water) to produce methyl 2-(4-(4-(4-(hydroxydiphenylmethyl) piperidin-1-
yl)butanoyl)phenyl)-2-methylpropanoate (0.0217 g, 0.042 mmol, 28.3 % yield). "H NMR
(400 MHz, CDCls): 6 7.93 — 7.91 (m, 2H), 7.48 — 7.45 (m, 4H), 7.42 — 7.39 (m, 2H), 7.30 —
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7.26 (m, 4H), 7.19 — 7.14 (m, 2H), 3.63 (s, 3H), 2.96 — 2.88 (m, 4H), 2.44 — 2.34 (m, 3H),
2.08 (br's, 1H), 1.60 (s, 6H), 1.62 — 1.56 (m, 4H), 1.46 — 1.30 (m, 4H).

St —— &y .
0 A

KSC-335-069

(8)-1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol. To
a vial was added the (S)-1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-
yl)butyl acetate (0.135 g, 0.263 mmol) and this vial was evacuated with nitrogen 3 times.
The dry THF (9 mL) was then added. The 1.0 M lithium aluminum hydride (0.263 mL,
0.263 mmol) in THF was added dropwise at rt and the reaction stirred for 5 h. The reaction
was quenched slowly with water (10 mL) and then extracted with diethyl ether (2 x 10 mL).
The ether layer was dried with MgSO,, filtered, concentrated and purified by reverse-phase
MPLC (20 min, 10 - 100%, MeCN:H20) to produce pure (S)-1-(4-(tert-butyl)phenyl)-4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-o0l (0.100 g, 0.212 mmol, 81 % yield).
[alpha]25589 = - 38.8°. '"H NMR (400 MHz, CDCl:): § 7.51 — 7.46 (m, 4H), 7.33 — 7.24 (m,
8H), 7.20 — 7.14 (m, 2H), 4.59 (dd, J= 8.2 Hz, 2.8 Hz, 1H), 3.13 (br d, /= 11.2 Hz, 1H), 2.97
(brd,J=11.2 Hz, 1H), 2.50 — 2.34 (m, 3H), 2.10 — 1.88 (m, 4H), 1.84 — 1.74 (m, 1H), 1.68 —
1.44 (m, 6H), 1.30 (s, 9H). “C NMR (125 MHz, CDCls): § 149.4, 146.1, 146.0, 142.7,
128.2, 128.1, 126.45, 126.43, 125.7, 125.6, 125.4, 125.0, 79.3, 73.4, 58.9, 54.7, 53.3, 44 2,
39.7,34.4,31.4,26.1, 26.0, 24.1. LCMS Retention time: 4.159 min. LCMS purity 99.7%.
HRMS (ESI): m/z caled for C3,HyNO, [M+H]" 472.3137, found 472.3210.

> : ®

HO
HO

N
O N — O OH

KSC-335-070

(R)-1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol. To
a vial was added the (R)-1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-
yl)butyl acetate (0.237 g, 0.461 mmol) and this vial was evacuated with nitrogen 3 times.
The dry THF (Volume: 4.61 ml) was added and then the 1.0 M lithium aluminum hydride
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(0.461 mL, 0.461 mmol) in THF was added portionwise at rt for 5 h. The reaction was
quenched slowly with water (10 mL) and then extracted with diethyl ether (2 x 10 mL). The
ether layer was dried with MgSO4, filtered, concentrated and purified by reverse-phase
MPLC (20 min, 10 - 100%, MeCN:H20) to produce pure (R)-1-(4-(tert-butyl)phenyl)-4-(4-
(hydroxydiphenylmethyl) piperidin-1-yl)butan-1-o0l (0.116 g, 0.246 mmol, 53% yicld).
[alpha]25589 = + 38.6°. '"H NMR (400 MHz, CDCls): § 7.51 — 7.46 (m, 4H), 7.33 — 7.24 (m,
8H), 7.20 — 7.14 (m, 2H), 4.59 (dd, /= 8.2 Hz, 2.8 Hz, 1H), 3.13 (br d, /= 11.2 Hz, 1H), 2.97
(brd,J=11.2 Hz, 1H), 2.50 — 2.34 (m, 3H), 2.10 — 1.88 (m, 4H), 1.84 — 1.74 (m, 1H), 1.68 —
1.44 (m, 6H), 1.30 (s, 9H). “C NMR (125 MHz, CDCls): § 149.4, 146.1, 146.0, 142.7,
128.2, 128.1, 126.45, 126.43, 125.7, 125.6, 125.4, 125.0, 79.3, 73.4, 58.9, 54.7, 53.3, 44 .2,
39.7,34.4,31.4,26.1, 26.0, 24.1. LCMS Retention time: 4.156 min. LCMS purity 97.8%.
HRMS (ESI): m/z caled for C3,HyNO, [M+H]" 472.3137, found 472.3210.

( C

KSC-335-077

4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(p-tolyl)butan-1-ol. Method B: 4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)-1-(p-tolyl)butan-1-one (0.073 g, 0.171 mmol) and
MeOH (Volume: 2 mL) and SODIUM BOROHYDRIDE (0.013 g, 0.341 mmol) to produce
pure 4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)-1-(p-tolyl)butan-1-ol (0.070 g, 0.163
mmol, 95% yield) as on oil. "H NMR (400 MHz, CDCl): & 7.51 — 7.46 (m, 4H), 7.32 — 7.09
(m, 10H), 4.59 (dd, /= 8.0, 2.8 Hz, 1H), 3.15 - 3.09 (m, 1H), 2.99 —2.92 (m, 1H), 2.52 —
2.32 (m, 6H), 2.32 (s, 3H), 2.09 — 1.87 (m, 3H), 1.82 — 1.73 (m, 1H), 1.68 — 1.44 (m, 6H). °C
NMR (125 MHz, CDCly): 6 146.1, 146.0, 142.9, 136.0, 128.7, 128.11, 128.10, 128.06,
126.39, 126.37, 125.7, 125.6, 125.5,79.2, 73.3, 58.9, 54.6, 53.4, 53.3, 44.2, 39.9, 30.9, 26.0,
25.9,26.0,21.0. LCMS Retention time: 3.809 min. LCMS purity 94.1%. HRMS (ESI): m/z
caled for C2oH3sNO, [M+H]™ 430.2668, found 430.2741.
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OMe

KSC-335-080

Methyl 2-(4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl)phenyl)-2-
methylpropanoate. Method B: methyl 2-(4-(4-(4-(hydroxydiphenylmethyl) piperidin-1-
yl)butanoyl)phenyl)-2-methylpropanoate (KSC-335-066)(0.148 g, 0.288 mmol) and MeOH
(1 mL) and sodium borohydride (0.016 g, 0.432 mmol) to produce pure methyl 2-(4-(1-
hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl)phenyl)-2-methylpropanoate
(0.108 g, 0.209 mmol, 73% yield). "H NMR (400 MHz, CDCls): & 7.54 — 7.49 (m, 4H), 7.35
—7.27 (m, 8H), 7.23 — 7.17 (m, 2H), 4.62 (dd, J = 8.0, 2.8 Hz, 1H), 3.65 (s, 3H), 3.16 (d, /=
11.7 Hz, 1H), 2.98 (d, J=11.7 Hz, 1H), 2.53 — 2.40 (m, 3H), 2.29 (br s, 1H), 2.14 — 2.06 (m,
1H), 2.01 — 1.93 (m, 2H), 1.84 — 1.50 (m, 14H). LCMS Retention time: 3.786 min. LCMS
purity 98.2%. HRMS (ESI): m/z calcd for C33H4NO, [M+H]" 516.3036, found 516.3108.

( C

HO
OH HO
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KSC-335-081

2-(4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl)phenyl)-2-
methylpropanoic acid. To a vial was added the methyl 2-(4-(1-hydroxy-4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)butyl)phenyl)-2-methylpropanoate (KSC-335-080)
(0.094 g, 0.182 mmol) and THF (Volume: 3 mL,). The LiOH (0.022 g, 0.911 mmol) was
dissolved in water (3.00 mL) and then added to the reaction stirred at 80°C for 18 h. The
reaction was removed from heat and cooled to rt and 1.0 M HCl in water was added to adjust
to pH to 4 and a gummy off-white solid formed. DCM (5 mL) was added to the mixture and
it was sonicated to break up the solid. The DCM layer was removed and the aqueous was
extracted with DCM (2 x 5 mL). The DCM layer was concentrated and the residue was
purified by reverse-phase MPLC (20 min, 10 - 100% MeCN:water) to produce the product
with impurities. This was submitted to the purification core. The pure sample was recovered
to produce 2-(4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl)phenyl)-2-
methylpropanoic acid (0.0378 g, 0.075 mmol, 41% yield). "H NMR (400 MHz, DMSO-d):
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3 8.22 (s, 1H), 7.52 — 7.49 (m, 4H), 7.29 — 7.26 (m, 8H), 7.15 7.10 (m, 2H), 4.47 (t,J=5.9
Hz, 1H), 2.94 — 2.86 (m, 3H), 2.35 — 2.30 (m, 2H), 2.05 — 1.95 (m, 2H), 1.60 — 1.35 (m,
12H), 1.28 — 1.22 (m, 2H). *C NMR (125 MHz, CDCLs): & 177.7, 163.7, 1472, 144 .4, 143 4,
127.8,125.8, 125.7, 125.6, 125.1, 78.4, 71.8, 57.7, 53.4, 53.2, 45.5, 43.1, 37.3, 26.5, 25.6,
22.6. LCMS Retention time: 2.612 min. LCMS purity 100%. HRMS (ESI): m/z calcd for
C3,H3oNO, [M+H]" 502.2879, found 502.2952.

® 0 ®

cl
HO » HO
NH O N

KSC-342-006

1-(4-(tert-butyl)phenyl)-2-(4-(hydroxydiphenylmethyl)piperidin-1-yl)ethanone. Method
A: diphenyl(piperidin-4-yl)methanol (0.4 g, 1.496 mmol), 1-(4-(tert-butyl)phenyl)-2-
chloroethanone (0.300 g, 1.425 mmol), sodium bicarbonate (0.144 g, 1.710 mmol) with water
(3 mL) and 2-butanone (Volume: 15 mL) to produce pure 1-(4-(tert-butyl)phenyl)-2-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)ethanone (0.452 g, 1.024 mmol, 71.8 % yield) as a
colorless oil. . 'H NMR (500 MHz, CDCls): 6 7.93 (d, J = 8.6 Hz, 2H), 7.50 — 7.43 (m, 6H),
7.32-7.26 (m, 4H), 7.20 — 7.15 (m, 2H), 3.78 (s, 2H), 3.07 - 3.01 (m, 2H), 2.47 (tt,J=11.8
Hz, 3.5 Hz, 1H), 2.26 —2.18 (m, 2H), 1.66 — 1.45 (m, 5H), 1.33 (s, 9H). ). “C NMR (125
MHz, CDCl): 6 196.1, 157.0, 145.8, 133.5, 129.8, 128.2, 128.0, 126.5, 125.8, 125.5, 125.1,
79.5,64.2,54.2,43.8,35.1,31.2,31.0,26.2. LCMS Retention time: 3.987 min. LCMS purity
98.8%. HRMS (ESI): m/z calcd for C30H3sNO, [M+H]" 442.2668, found 442.2741.

HO

(0] —_— HO
N O OH

KSC-342-010

1-(4-(tert-butyl)phenyl)-2-(4-(hydroxydiphenylmethyl)piperidin-1-yl)ethanol. Methon
B: 1-(4-(tert-butyl)phenyl)-2-(4-(hydroxydiphenylmethyl)piperidin-1-yl)ethanone (0.113 g,
0.256 mmol) and MeOH (1 mL) and SODIUM BOROHYDRIDE (0.019 g, 0.512 mmol) to
produce pure 1-(4-(tert-butyl)phenyl)-2-(4-(hydroxydiphenylmethyl)piperidin-1-yl)ethanol
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(0.106 g, 0.239 mmol, 93% yield) as a solid. 'H NMR (400 MHz, CDCls): 3 7.50 — 7.46 (m,
4H), 7.37 - 7.26 (m, 8H), 7.22 — 7.17 (M, 2H), 4.67 (m, 1H), 4.01 (br s, 1H), 3.20 (m, 1H),
2.86 (m, 1H), 2.50 — 2.45 (m, 3H), 2.37 — 2.30 (m, 1H), 2.10 — 2.02 (m, 1H), 1.60 — 1.45 (m,
5H), 1.31 (s, 9H). “C NMR (125 MHz, CDCls): § 150.3, 145.82, 145.78, 139.1, 128.20,
128.19, 126.59, 126.57, 125.7, 125.6, 125.2, 79.5, 68.6, 66.3, 55.8, 53.4, 52.2, 44.1, 34.5,
31.3,26.8,26.5. LCMS Retention time: 4.083 min. LCMS purity 94.2%. HRMS (ESI): m/z
caled for C3oH37/NO, [M+H] 444.2824, found 444.2897.

OMe OMe

KSC-342-014

Methyl 4-(4-chloro-1-hydroxybutyl)benzoate. Mecthod B: methyl 4-(4-
chlorobutanoyl)benzoate (KSC-335-061) (0.042 g, 0.175 mmol) and MeOH with sodium
borohydride (0.013 g, 0.349 mmol). to produce methyl 4-(4-chloro-1-hydroxybutyl)benzoate
(0.037 g, 0.152 mmol, 87 % yield). '"H NMR (400 MHz, CDCl): 3 8.00 (d, J = 8.4 Hz, 2H),
7.40 (d, /J=8.2 Hz, 2H), 4.8 — 4.6 (m, 1H), 3.90 (s, 3H), 3.58 — 3.52 (m, 2H), 2.19 (br s, 1H),
1.96 — 1.78 (m, 4H)

QH HO
C' ¢ 9
-
o N OH

OMe

I=

MeO
KSC-342-017

Methyl 4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl)benzoate. To a
vial was added the methyl 4-(4-chloro-1-hydroxybutyl)benzoate (KSC-342-014) (0.037 g,
0.152 mmol), diphenyl(piperidin-4-yl)methanol (0.122 g, 0.457 mmol), SODIUM
BICARBONATE (0.026 g, 0.305 mmol), SODIUM IODIDE (1.143 mg, 7.62 umol) and the
vial was evacuated with argon 3 times. Dry acetonitrile (2 ml) was added and the reaction
stirred overnight at reflux and was then cooled to rt after 18 h and the solvent was
concentrated. The residue was dissolved in DCM (5 mL) and washed with 0.1 N HCI (5
mL), water (5 mL) and brine (5 mL). The product was purified by MPLC (0 - 10 %
MeOH:DCM) to produce pure methyl 4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-
1-yD)butyl)benzoate (0.0268 g, 0.057 mmol, 37% yield). "H NMR (400 MHz, CDCls): & 7.97
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(d, J=8.4 Hz, 2H), 7.52 — 7.47 (m, 4H), 7.42 (d, J = 7.9 Hz, 2H), 7.32 — 7.29 (m, 4H), 7.20 —
7.14 (m, 2H), 4.66 (m, 1H), 3.90 (s, 3H), 3.14 (m, 1H), 2.94 (m, 1H), 2.78 (br s, 1H), 2.52 —
2.43 (m, 1H), 2.39 (t,J = 4.8 Hz, 2H), 2.13 — 2.06 (m, 1H), 2.04 — 1.92 (m, 2H), 1.77 — 1.47
(m, 8H). *C NMR (125 MHz, CDClz): 8 167.2, 151.4, 146.0, 145.9, 129.5, 128.4, 128.2,
128.2, 126.51, 126.48, 125.64, 125.59, 79.2, 73.2, 58.8, 54.7, 51.9, 442, 40.0, 26.0, 25.9,
24.0. LCMS Retention time: 3.652 min. LCMS purity 100%. HRMS (ESI): m/z calcd for
C3oH3sNO4 [M+H]' 474.2566, found 474.2639.

HO,

HO
O O

MeO HO

KSC-342-021

4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butyl)benzoic acid. To a vial
was added the methyl 4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-1-
yl)butyl)benzoate (0.0195 g, 0.041 mmol) and THF (1 mL). The LiOH (6.90 mg, 0.288
mmol) was dissolved in water (1 mL) and added to the reaction. The reaction stirred at
overnight and was then acidified with 1.0 M HCI to pH 2 - 3 then extracted with DCM (3 x 5
mL). The DCM layer was concentrated and purified by reverse-phase MPLC (10 - 100 %
MeCN:water) to produce pure 4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)piperidin-1-
yl)butyl)benzoic acid (0.009 g, 0.020 mmol, 47% yield). 'H NMR (400 MHz, CD;0D): §
7.85(d, J=8.2 Hz, 2H), 7.53 — 7.49 (m, 4H), 7.34 — 7.26 (m, 6H), 7.19 — 7.14 (m, 2H), 4.70
(m, 1H), 3.46 (m, 1H), 3.35 (s, 2H), 3.01 — 2.96 (m, 2H), 2.92 — 2.77 (m, 3H), 1.84 — 1.64 (m,
8H). >C NMR (125 MHz, CD;OD): § 174.7, 1482, 147.2, 137.6, 130.4, 129.1, 127.6, 127.0,
126.4,79.9, 74.0, 53.9, 49.8, 36.9, 25.5, 21.8. LCMS Retention time: 2.490 min. LCMS
purity 100%. HRMS (ESI): m/z caled for CooHi3sNO4 [M+H]" 460.2410, found 460.2482.

Cl
Cl

KSC-342-074

1-(Tert-butyl)-4-(2-chloroethyl)benzene. To a vial was added the 1-(4-(tert-butyl)phenyl)-
2-chloroethanone (0.171 g, 0.812 mmol) and triethylsilane (0.519 mL, 3.25 mmol) with TFA

(4 mL). The reaction stirred at 75 °C for 17 h and was then concentrated in vacuo. The
residue was dissolved in DCM (5 mL) and washed with water (4 mL). The DCM layer was
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collected and washed with water (1 x 5 mL), dried with MgSO,, filtered and adsorbed to
silica and purified by MPLC (20 min, 0 - 40% EtOAc:hex) to produce pure 1-(tert-butyl)-4-
(2-chloroethyl)benzene (0.114 g, 0.580 mmol, 71% yield). 'H NMR (400 MHz, CDCls): &
7.34 (d,J=8.3 Hz, 2H), 7.16 (d, /= 8.3 Hz, 2H), 3.71 (t, /= 7.5 Hz, 2H), 3.05 (t,/= 7.6 Hz,
2H), 1.32 (s, 9H).

KSC-342-080

(1-(3-(4-(Tert-butyl)phenyl)propyl)piperidin-4-yl)diphenylmethanol. To a vial was
added the diphenyl(piperidin-4-yl)methanol (0.142 g, 0.530 mmol), 1-(tert-butyl)-4-(3-
chloropropyl)benzene (0.134 g, 0.636 mmol) and POTASSIUM CARBONATE (0.439 g,
3.18 mmol) in acetonitrile. The reaction stirred overnight at 85 °C for 18 h and then filtered.
The filtrate was then diluted with brine and extracted with diethyl ether (3 x 15 mL). The
ether layers were combined, dried with MgSO,, filtered and purified by reverse-phase MPLC
(20 min, 10 - 100% MeCN:water) to produce pure (1-(3-(4-(tert-
butyl)phenyl)propyl)piperidin-4-yl)diphenylmethanol (0.152 g, 0.344 mmol, 65% yield) as an
oil. '"HNMR (400 MHz, CDCl3): & 7.49 — 7.45 (m, 4H), 7.31 — 7.24 (m, 6H), 7.19 — 7.14 (m,
2H), 7.11 = 7.08 (m, 2H), 2.96 (m, 2H), 2.57 (t, /= 7.7 Hz, 2H), 2.48 — 2.32 (m, 3H), 2.22 (br
s, 1H), 1.97 — 1.90 (m, 2H), 1.83 — 1.75 (m, 2H), 1.53 — 1.45 (m, 4H), 1.29 (s, 9H). LCMS
Retention time: 2.965 min. LCMS purity 97.2%. HRMS (ESI): m/z calcd for C;1H3oNO
[M+H]" 442.3032, found 442.3104.

HO c — = HO
sao =™ C

KSC-342-081

N\/\O\’<
(1-(4-(Tert-butyl)phenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the
diphenyl(piperidin-4-yl)methanol (0.150 g, 0.561 mmol), 1-(tert-butyl)-4-(2-

chloroethyl)benzene (KSC-342-074) (0.110 g, 0.561 mmol) and potassium carbonate (0.465

g, 3.37 mmol) in acetonitrile. The reaction stirred overnight at 85 °C for 18 h and then
filtered. The filtrate was then diluted with brine and extracted with diethyl ether (3 x 15 mL).
The ether layers were combined, dried with MgSO4, filtered and purified by reverse-phase

MPLC (20 min, 10 - 100% MeCN:water) to produce pure (1-(4-(tert-
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butyl)phenethyl)piperidin-4-yl)diphenylmethanol (0.180 g, 0.421 mmol, 75% yield) as an oil.
'H NMR (400 MHz, CDCls): § 7.51 — 7.47 (m, 4H), 7.33 — 7.27 (m, 6H), 7.21 — 7.16 (m,
2H), 7.14 - 7.11 (m, 2H), 3.09 — 3.03 (m, 2H), 2.80 — 2.74 (m, 2H), 2.60 — 2.55 (m, 2H), 2.51
—2.42 (m, 1H), 2.28 (br s, 1H), 2.08 — 2.00 (m, 2H), 1.57 — 1.50 (m, 4H), 1.30 (s, 9H). “C
NMR (125 MHz, CDCl;): 6 148.8, 145.9, 137.3, 128.3, 128.1, 126.5, 125.8, 125.2, 79.5,
60.8, 54.0,44.2,40.9, 34.3,33.1, 31.4, 26.4. LCMS Retention time: 4.384 min. LCMS purity
99.7%. HRMS (ESI): m/z calcd for C3oH37NO [M+H]" 428.2875, found 428.2948.

® &

ey O

KSC-342-088

(1-(4-amino-4-(4-(tert-butyl)phenyl)butyl)piperidin-4-yl)diphenylmethanol. To a vial
was added the 1-(4-(tert-butyl)phenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-
one (0.200 g, 0.426 mmol), Ammonium acetate (0.328 g, 4.26 mmol) and Sodium
cyanoborohydride (0.040 g, 0.639 mmol) with MeOH (Volume: 4 ml). The reaction stirred at
rt at 2:56:22 PM. The reaction was stirred overnight and then concentrated and diluted with
dilute aqueous ammonium hydroxide and extracted with DCM. The DCM layer was
concentrated and the crude NMR showed product and starting material. The reaction then
purified by reverse-phase Teledyne ISCO Combiflash chromatography (10 - 100%
MeCN:basic water) and fractions 5 and 6 were collected. These were then subjected to
normal phase purification (0 - 10% MeOH (5% NH30H):DCM) to produce pure (1-(4-
amino-4-(4-(tert-butyl)phenyl)butyl)piperidin-4-yl)diphenylmethanol (0.010 g, 0.021 mmol,
5% yield). "H NMR (400 MHz, CDCls): & 7.48 — 7.44 (m, 4H), 7.34 — 7.26 (m, 6H), 7.22 —
7.14 (m, 4H), 3.84 (t,.J = 6.7 Hz, 1H), 2.95 — 2.87 (m, 2H), 2.46 — 2.37 (m, 1H), 2.28 (t,J =
7.6 Hz, 2H), 1.95 — 1.85 (m, 2H), 1.70 — 1.60 (m, 5H), 1.55 — 1.40 (m, 6H), 1.30 (s, 9H). *C
NMR (125 MHz, CDCl;): 6 149.7, 146.0, 143.3, 128.1, 126.5, 125.9, 125.8, 125.3, 79.5,
58.7,55.8,54.2,54.0,44.2,37.5,34.4,31.4, 26.4, 24.2. LCMS Retention time: 2.397 min.
LCMS purity 100%. HRMS (ESI): m/z calcd for C3,H4oN,O [M+H]" 471.3297, found
471.3370.
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KSC-348-001

1-([1,1'-Biphenyl]-4-yl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one. To a
vial was added the 1-(4-bromophenyl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-
one (0.098 g, 0.199 mmol), 1,1'-bis (di-t-butylphosphino)ferrocene palladium dichloride,
(2.71 mg, 3.98 umol) and phenylboronic acid (0.029 g, 0.239 mmol) followed by acetonitrile
(1.5 mL). The potassium carbonate (0.041 g, 0.299 mmol) was dissolved in water (1.5 mL)
and added the reaction. The reaction stirred at 60 °C for 18 h. The reaction was stopped and
the organic layer was diluted with EtOAc and extracted then washed with brine. The EtOAc
layer was collected, dried with MgSO,, filtered and purified by reverse-phase MPLC (10 -
100% MeCN:water) to produce the desired 1-([1,1'-biphenyl]-4-yl)-4-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one (0.035 g, 0.071 mmol, 36% yield). 'H
NMR (400 MHz, CDCls): 6 8.03 (d, /= 8.6 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.64 — 7.61
(m, 2H), 7.50 — 7.45 (m, 6H), 7.42 — 7.38 (m, 1H), 7.31 — 7.26 (m, 4H), 7.19 — 7.14 (m, 2H),
3.02-2.91 (m, 4H), 2.46 — 2.37 (m, 3H), 2.10 (br s, 1H), 1.97 — 1.92 (m, 4H), 1.50 — 1.35
(m, 4H).

® ®

Ho HO
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KSC-348-002

1-([1,1'-biphenyl]-4-yl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-ol. Method
B: 1-([1,1'-biphenyl]-4-yl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-yl)butan-1-one (KSC-
348-001) (0.035 g, 0.071 mmol) and MeOH (2 mL) and sodium borohydride (5.41 mg, 0.143
mmol) to produce pure 1-([1,1'-biphenyl]-4-yl)-4-(4-(hydroxydiphenylmethyl)piperidin-1-
yl)butan-1-ol (0.033 g, 0.067 mmol, 94% yield) as on oil. '"H NMR (400 MHz, CDCLs): 3
7.59 —7.55 (m, 2H), 7.53 — 7.46 (m, 6H), 7.43 — 7.38 (m, 4H), 7.34 — 7.25 (m, 5H), 7.19 —
7.13 (m, 2H), 4.65 (dd, J=8.2 Hz, 2.7 Hz, 1H), 3.16 — 3.10 (m, 1H), 2.99 — 2.93 (m, 1H),
2.56 (br s, 1H), 2.50 — 2.34 (m, 3H), 2.10 — 1.92 (m, 3H), 1.86 — 1.76 (m, 1H), 1.70 — 1.45
(m, 6H). ). “C NMR (125 MHz, CDCly): § 146.1, 146.0, 145.0, 141.1, 139.4, 128.6, 128.2,
128.1, 127.01, 126.96, 126.8, 126.44, 126.41, 126.1, 125.7, 125.6, 79.2, 73.3, 58.9, 54.7,
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53.3,44.2,40.0, 26.0, 25.9, 24.1. LCMS Retention time: 4.049 min. LCMS purity 97.6%.
HRMS (ESI): m/z caled for C34H37NO, [M+H]" 492.2824, found 492.2897.

o' >

KSC-348-049

(4-(tert-butyl)phenyl)(4-(hydroxydiphenylmethyl)piperidin-1-yl)methanone. To a vial
was added the diphenyl(piperidin-4-yl)methanol (0.232 g, 0.868 mmol), acetonitrile (3 mL)
and TEA (0.181 ml, 1.30 mmol). The 4-(tert-butyl)benzoyl chloride (0.173 mL, 0.954 mmol)
was added and the reaction stirred at 70 °C for 6 h and was diluted with EtOAc (15 mL) and
washed with saturated NaHCO, (15 mL). The EtOAc was collected, dried with MgSO4,

filtered and adsorbed to silica and purified by MPLC (20 min, 0 - 30 % EtOAc:Hex) to
produce pure (4-(tert-butyl)phenyl)(4-(hydroxydiphenylmethyl)piperidin-1-yl)methanone
(0.304 g, 0.711 mmol, 82% yicld) as a white solid. "H NMR (400 MHz, CDCls): § 7.50 —
7.44 (m, 4H), 7.38 — 7.14 (m, 10H), 4.77 (br s, 1H), 3.84 (br s, 1H), 3.05 — 2.63 (m, 3H), 2.25
—2.17 (m, 1H), 1.75 — 1.35 (m, 4H), 1.29 (s, 9H). *C NMR (125 MHz, CDCl3): & 170.4,
152.7,145.4,133.2, 128.3, 126.7, 125.7, 125.2, 79.5, 44.5, 34.7, 31.2. LCMS Retention
time: 3.774 min. LCMS purity 100%. HRMS (ESI): m/z calcd for C,0H33NO, [M+H]"
428.2511, found 428.2584.

© c
O &, — oo~

KSC-348-050

(1-(4-(tert-butyl)benzyl)piperidin-4-yl)diphenylmethanol. To a vial was added the
diphenyl(piperidin-4-yl)methanol (0.085 ml, 0.393 mmol), acetonitrile (2 mL) and TEA
(0.082 ml, 0.589 mmol). The p-tert-butylbenzyl bromide (0.098 g, 0.432 mmol) was then
added and the reaction stirred at 70 °C and stirred for 5 h then diluted with EtOAc (15 mL)
and washed with saturated NaHCO, (15 mL). The EtOAc was collected, dried with MgSO4,

filtered and adsorbed to silica and purified by reverse phase MPLC (20 min, 10 - 100 %
MeCN:water) to produce pure (1-(4-(tert-butyl)benzyl)piperidin-4-yl)diphenylmethanol
(0.131 g, 0.317 mmol, 81% yield) as a brown oil. '"H NMR (400 MHz, CDCls): & 7.48 — 7.45
(m, 4H), 7.32 - 7.25 (m, 6H), 7.22 — 7.14 (m, 4H), 3.47 (s, 2H), 2.96 — 2.90 (m, 2H), 2.46 —
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2.38 (m, 1H), 2.02 — 1.95 (m, 1H), 1.51 — 1.44 (m, 4H), 1.30 (s, 9H). °C NMR (125 MHz,
CDCls): 3 149.8, 146.0, 135.1, 128.9, 128.1, 126.4, 125.8, 125.0, 79.5, 62.8, 53.9, 44.2, 34 4,
31.4,26.5,21.0. LCMS Retention time: 4.186 min. LCMS purity 99.7%. HRMS (ESI): m/z
caled for C2oH3sNO [M+H]' 414.2719, found 414.2791.

O Br- I
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KSC-348-058

(1-(4-methoxyphenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the
diphenyl(piperidin-4-yl)methanol (0.381 g, 1.425 mmol), acetonitrile (5 mL) and TEA (0.298
ml, 2.138 mmol). The 1-(2-bromoecthyl)-4-methoxybenzene (0.245 ml, 1.568 mmol) was
then added and the reaction stirred at 75 °C and the stirred for 16 h then was quenched with
saturated NaHCO,, extracted with EtOAc, dried with MgSO,, filtered and adsorbed to silica.

The product was purified by MPLC (20 min, 0 - 10% MeOH:DCM) to produce pure (1-
(4methoxyphenethyl) piperidin-4-yl)diphenylmethanol (0.289 g, 0.720 mmol, 50% yield) as a
sticky solid. "H NMR (400 MHz, CDCls): & 7.49 — 7.46 (m, 4H), 7.32 — 7.28 (m, 4H), 7.19
(tt,J=7.3 Hz, 1.9 Hz, 2H), 7.12 (d, J = 8.6 Hz, 2H), 6.82 (d, /= 8.5 Hz, 2H), 3.77 (s, 3H),
3.29-3.24 (m, 2H), 2.95 - 2.90 (m, 2H), 2.80 — 2.75 (m, 2H), 2.58 — 2.50 (m, 1H), 2.42 —
2.30 (m, 3H), 1.90 — 1.77 (m, 2H), 1.65 — 1.57 (m, 2H). “C NMR (125 MHz, CDCl;): &
158.3, 145.5, 129.6, 128.3, 126.7, 125.6, 114.0, 79.3, 55.3, 53.6, 53.4,43.4, 31.5, 25.1.
LCMS Retention time: 3.695 min. LCMS purity 100%. HRMS (ESI): m/z calcd for
C,7H;NO, [M+H]' 402.2355, found 402.2353.
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KSC-352-055

4-(4-Benzoylpiperidin-1-yl)-1-(4-(tert-butyl)phenyl)butan-1-one. To a vial was added the
1-(4-(tert-butyl)phenyl)-4-chlorobutan-1-one (0.060 g, 0.252 mmol) and potassium iodide
(0.063 g, 0.377 mmol) with acetonitrile (2 mL). The reaction stirred at 85 °C for 1 h then the
phenyl(piperidin-4-yl)methanone (0.050 g, 0.264 mmol) along with potassium carbonate
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(0.052 g, 0.377 mmol) was added. The reaction was then heated back to 85 °C for 48 h. The
reaction was cooled to rt and diluted with water then extracted with EtOAc (3 x 15 mL). The
EtOAc layer was dried with MgSO,, filtered and adsorbed to silica. The product was purified
by reverse-phase MPLC (20 min, 10 - 100% MeCN:water) to produce 4-(4-benzoylpiperidin-
1-y1)-1-(4-(tert-butyl)phenyl)butan-1-one (0.026 g, 0.066 mmol, 26% yield). 'H NMR (400
MHz, CDCls): 6 7.95 = 7.90 (m, 4H), 7.57 — 7.53 (m, 1H), 7.49 — 7.44 (m, 4H), 3.27 — 3.18
(m, 1H), 3.03 — 2.96 (m, 4H), 2.44 (t, /= 7.04 Hz, 2H), 2.13 — 2.06 (m, 2H), 1.98 — 1.91 (m,

HO

HO /\)@/Noz —
O NH Br O

2H), 1.85 — 1.76 (m, 4H), 1.34 (s, 9H).
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KSC-352-060

(1-(4-nitrophenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the
diphenyl(piperidin -4-yl)methanol (0.513 g, 1.919 mmol), 1-(2-bromoethyl)-4-nitrobenzene
(0.401 g, 1.744 mmol) and acetonitrile (10 mL). The TEA (0.365 ml, 2.62 mmol) was then
added and the reaction stirred at 85 °C for 18 h then cooled to rt. The reaction was diluted
with water and extracted with EtOAc (3 x 15 mL). The EtOAc layer was collected and dried
with MgSQ4, filtered and adsorbed to silica then purified by MPLC (15 min, 0 - 10 %
MeOH:DCM). to produce pure (1-(4-nitrophenethyl)piperidin-4-yl)diphenylmethanol (0.145
g, 0.348 mmol, 20% yicld). 'H NMR (400 MHz, CDCls): & 8.13 (d, J= 8.7 Hz, 2H), 7.49 —
7.46 (m, 4H), 7.35 (d, /= 8.7 Hz, 2H), 7.32 - 7.27 (m, 4H), 7.21 — 7.16 (m, 2H), 3.11 — 3.05
(m, 2H), 2.97 - 2.91 (m, 2H), 2.69 — 2.63 (m, 2H), 2.52 — 2.43 (m, 1H), 2.25 (br s, 1H), 2.20
—2.10 (m, 2H), 1.63 — 1.53 (m, 4H). C NMR (125 MHz, CDCl5): & 147.9, 146.5, 145.7,
129.5, 128.2, 126.6, 125.7, 123.7,79.4, 59.4, 53.9, 43.9, 33.2, 26.1, 21.1. LCMS Retention
time: 3.654 min. LCMS purity 98.8%. HRMS (ESI): m/z calcd for C,6H,sN,05 [M+H]+
417.2162, found 417.2173.

HO

> T C
O NH Br NV\@\
Br

156



WO 2014/052836 PCT/US2013/062309

KSC-352-061

(1-(4-bromophenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the
diphenyl(piperidin-4-yl)methanol (0.496 g, 1.855 mmol), 1-bromo-4-(2-bromoecthyl)benzene
(0.258 ml, 1.69 mmol) and acetonitrile (10 mL). The TEA (0.353 mL, 2.53 mmol) was then
added and the reaction stirred at 85 °C for 18 h then cooled to rt. The reaction was diluted
with water and extracted with EtOAc (3 x 15 mL). The EtOAc layer was collected and dried
with MgSQ4, filtered and adsorbed to silica then purified by MPLC (15 min, 0 - 10 %
MeOH:DCM). to produce pure (1-(4-bromophenethyl)piperidin-4-yl)diphenylmethanol
(0.488 g, 1.083 mmol, 64% yield). '"H NMR (400 MHz, CDCls): & 7.50 — 7.46 (m, 4H), 7.38
(d, /=8.3 Hz, 2H), 7.34 - 7.27 (m, 4H), 7.18 (tt, /= 7.3 Hz, 1.8 Hz, 2H), 7.06 (d, /= 8.4 Hz,
2H), 3.06 — 3.00 (m, 2H), 2.77 — 2.72 (m, 2H), 2.58 — 2.52 (m, 2H), 2.50 — 2.41 (m, 1H), 2.15
—2.00 (m, 3H), 1.56 — 1.49 (m, 4H). C NMR (125 MHz, CDCl5): & 145.8, 139.3, 131.4,
130.4, 128.2, 126.6, 125.8, 119.8, 79.5, 60.4, 54.0, 44.1, 33.1, 26.4, 21.1 LCMS Retention
time: 3.969 min. LCMS purity 99.8%. HRMS (ESI): m/z calcd for CosHysBrNO [M+H]"
450.1354, found 450.1427.

KSC-352-063

(1-(2-(1,1'-biphenyl]-4-yl)ethyl)piperidin-4-yl)diphenylmethanol. To a vial was added
the phenylboronic acid (0.019 g, 0.152 mmol), 1,1'-bis(di-tert-butylphosphino)ferrocene
palladium dichloride (4.12 mg, 6.33 umol), (1-(4-bromophenethyl)piperidin-4-
yl)diphenylmethanol (KSC-352-061) (0.057 g, 0.127 mmol) and potassium carbonate (0.035
g, 0.253 mmol). The vial was then evacuated with argon 3 times and acetonitrile (1 mL) was
added followed by water (1 mL). The reaction then stirred at 60 °C for 18 h then was diluted
with EtOAc (5 mL) and saturated NaHCO, (5 mL). The EtOAc layer was collected and the
aqueous layer was extracted with more EtOAc (2 x 5 mL). The EtOAc layers were combined
and dried with MgSQ4, filtered and concentrated. The reaction was purified by MPLC (10 -
100% MeCN:water) to produce pure (1-(2-([1,1'-biphenyl]-4-yl)ethyl)piperidin-4-
yl)diphenylmethanol (0.045 g, 0.101 mmol, 79% yield) as a clear oil. 'H NMR (400 MHz,
CDCl3): 6 7.59 — 7.45 (m, 2H), 7.53 — 7.48 (m, 6H), 7.45 — 7.40 (m, 2H), 7.35 - 7.25 (m,
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7H), 7.22 —7.16 (m, 2H), 3.11 — 3.05 (m, 2H), 2.87 — 2.81 (m, 2H), 2.65 — 2.59 (m, 2H), 2.53
—2.44 (m, 1H), 2.22 (br s, 1H), 2.12 — 2.04 (m, 2H), 1.59 — 1.52 (m, 4H). *C NMR (125
MHz, CDCly): § 145.9, 141.0, 139.5, 139.0, 129.1, 128.7, 128.2, 127.1, 127.03, 126.96,
126.5, 125.8,79.5, 60.7, 54.0, 50.8, 44.2, 33.3, 26.4. LCMS Retention time: 4.086 min.
LCMS purity 99%. HRMS (ESI): m/z calcd for C3,H3:NO [M+H]' 448.2562, found
448.2635.
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KSC-352-064

Diphenyl(1-(4-(pyridin-4-yl)phenethyl)piperidin-4-yl)methanol. To a vial was added the
(1-(4-bromophenethyl)piperidin-4-yl)diphenylmethanol (KSC-352-061) (0.050 g, 0.111
mmol), pyridin-4-ylboronic acid (0.018 g, 0.133 mmol), 1,1'-bis(di-tert-
butylphosphino)ferrocene palladium dichloride (3.62 mg, 5.55 umol) and potassium
carbonate (0.031 g, 0.222 mmol). The vial was evacuated 3 times with argon and then
acetonitrile (1 mL) followed by water (1 mL) was added. The reaction stirred at 60 °C for 18
h and was then cooled to rt and diluted with EtOAc (5 mL) and saturated NaHCO, (5 mL).

The EtOAc layer was collected and the aqueous layer was extracted with more EtOAc (2x 5
mL). The EtOAc layers were combined and dried with MgSO,, filtered and concentrated.

The reaction was purified by reverse-phase MPLC (10 - 100% MeCN:water) to produce pure
diphenyl(1-(4-(pyridin-4-yl)phenethyl)piperidin-4-yl)methanol (0.015 g, 0.033 mmol, 30%
yield) as an oil. '"H NMR (400 MHz, CDCls): & 8.64 — 8.62 (m, 2H), 7.60 (d, J = 8.2 Hz,
2H), 7.51 — 7.46 (m, 6H), 7.32 — 7.28 (m, 6H), 7.18 (tt, /= 7.3 Hz, 1.8 Hz, 2H), 3.10 — 3.04
(m, 2H), 2.88 — 2.82 (m, 2H), 2.65 — 2.58 (m, 2H), 2.51 — 2.43 (m, 1H), 2.19 (br s, 1H), 2.12
—2.03 (m, 2H), 1.58 — 1.51 (m, 4H). *C NMR (125 MHz, CDCls): § 150.2, 148.1, 145.9,
141.7,135.8, 129.5, 128.2, 127.0, 126.5, 125.8, 121.4, 79.5, 60.5, 54.1, 44.1, 41.0, 33.4, 26 4.
LCMS Retention time: 3.585 min. LCMS purity 93.3%. HRMS (ESI): m/z calcd for
C31H3,N,O [M+H]" 449.2515, found 449.2587.
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KSC-352-065

Diphenyl(1-(4-(pyridin-3-yl)phenethyl)piperidin-4-yl)methanol. To a vial was added the
(1-(4-bromophenethyl)piperidin-4-yl)diphenylmethanol (0.057 g, 0.127 mmol), pyridin-3-
ylboronic acid (0.019 g, 0.152 mmol), 1,1'-Bis(di-tert-butylphosphino)ferrocene palladium
dichloride (4.12 mg, 6.33 umol) and potassium carbonate (0.035 g, 0.253 mmol). The vial
was evacuated with argon 3 times and then acetonitrile (1 mL) followed by water (1 mL) was
added. The reaction stirred at 60 °C for 18 h and then cooled to rt and diluted with EtOAc (5
mL) and saturated NaHCO, (5 mL). The EtOAc layer was collected and the aqueous layer

was extracted with more EtOAc (2 x 5 mL). The EtOAc layers were combined and dried
with MgSO,, filtered and concentrated. The reaction was purified by RP MPLC (10 - 100%
MeCN:water) to produce pure diphenyl(1-(4-(pyridin-3-yl)phenethyl)piperidin-4-yl)methanol
(0.05 g, 0.111 mmol, 88% yield) as an oil. 'H NMR (400 MHz, CDCl5): $ 8.79 (dd, J=2.4
Hz, 0.9 Hz, 1H), 8.53 (dd, J=4.8 Hz, 1.6 Hz, 1H), 7.86 — 7.83 (m, 1H), 7.51 — 7.47 (m, 6H),
7.36 —7.27 (m, 7H), 7.20 — 7.15 (m, 2H), 3.10 — 3.03 (m, 2H), 2.87 — 2.81 (m, 2H), 2.71 (br
s, 1H), 2.63 — 2.58 (m, 2H), 2.51 —2.43 (m, 1H), 2.11 — 2.03 (m, 2H), 1.58 — 1.52 (m, 4H). ).
BC NMR (125 MHz, CDCly): § 148.04, 147.97, 146.0, 140.5, 136.5, 135.5, 134.3, 129 4,
128.1, 127.1, 126.4, 125.8, 123.5, 79.4, 60.5, 54.1, 44.1, 33.2, 26.2. LCMS Retention time:
3.582 min. LCMS purity 98.8%. HRMS (ESI): m/z calcd for C3;H3,N,O [M+H]' 449.2515,
found 449.2587.
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KSC-352-066

1-(4-(tert-butyl)phenyl)-4-(4-(hydroxy(phenyl)methyl)piperidin-1-yl)butan-1-ol. Method
B: 4-(4-benzoylpiperidin-1-yl)-1-(4-(tert-butyl)phenyl)butan-1-one (KSC-352-055) (0.026 g,
0.066 mmol) and MeOH (2 mL) and sodium borohydride (10.05 mg, 0.266 mmol) to produce
pure 1-(4-(tert-butyl)phenyl)-4-(4-(hydroxy(phenyl)methyl)piperidin-1-yl)butan-1-ol (0.019
g, 0.048 mmol, 72% yield) as a mixture of diastereomers. 'H NMR (400 MHz, CDCLs): 3
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7.36—7.24 (m, 9H), 4.63 — 4.57 (m, 1H), 4.33 (d, /= 7.6 Hz, 1H), 3.23 — 2.83 (m, 2H), 2.42
—2.35 (m, 2H), 2.13 — 1.89 (m, 3H), 1.86 — 1.52 (m, 6H), 1.46 — 1.16 (m, 4H), 1.31 (s, 9H).
BCNMR (125 MHz, CDCL): & 149.4, 143.4, 142.8, 128.3, 127.63, 127.61, 126.6, 125 4,
125.0, 78.74, 78.67, 73.4, 58.9, 54.30, 54.26, 52.8, 52.7, 43.21,43.2,39.9, 34.4, 31 .4, 28 4,
28.3,28.2,24.2,24.1. LCMS Retention time: 3.707 min. LCMS purity 97.1%. HRMS (ESI):
m/z caled for C,6Hz;NO, [M+H]" 396.2824, found 396.2897.
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KSC-352-069

(1-(4-aminophenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the (1-(4-
nitrophenethyl) piperidin-4-yl)diphenylmethanol (KSC-352-060) (0.135 g, 0.324 mmol) with
MeOH (1 mL) and DCM (1 mL). The reaction was cooled to 0 °C and the Raney Nickel
(1.902 mg, 0.032 mmol) was added. The sodium borohydride (0.031 g, 0.810 mmol) was
then added portionwise and the reaction stirred at rt for 28 h and the Raney Nickel filtered
through celite. The reaction was diluted with DCM and washed with water and the DCM
layer was dried with MgSO,, filtered and adsorbed to silica then purified by MPLC (0 - 15%
MeOH:DCM) to produce pure (1-(4-aminophenethyl)piperidin-4-yl)diphenylmethanol (0.077
g, 0.199 mmol, 61% yield). "H NMR (400 MHz, CDCl): & 7.51 — 7.47 (m, 4H), 7.32 — 7.27
(m, 4H), 7.18 (tt,J = 7.3 Hz, 1.8 Hz, 2H), 6.97 (d, /= 8.3 Hz, 2H), 6.61 (d, J = 8.3 Hz, 2H),
3.52 (br s, 2H), 3.07 — 3.01 (m, 2H), 2.70 — 2.65 (m, 2H), 2.54 — 2.41 (m, 3H), 2.22 (br s,
1H), 2.07 — 1.98 (m, 2H), 1.56 — 1.49 (m, 4H). *C NMR (125 MHz, CDCl;): § 145.9,
144.4, 1304, 129.4, 128.1, 126.5, 125.8, 115.2,79.5, 61.2, 54.1, 44.2, 32.8, 26 .4, 21.0.
LCMS Retention time: 3.328 min. LCMS purity 93.1%. HRMS (ESI): m/z calcd for
Ca6H30N,O [M+H]" 387.2358, found 387.2431.
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KSC-352-075

(1-(4-(Dimethylamino)phenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added
the (1-(4-aminophenethyl)piperidin-4-yl)diphenylmethanol (KSC-352-069) (0.030 g, 0.078
mmol) and acetic acid (1 mL). The paraformaldehyde (0.058 mL, 0.776 mmol) solution in
water followed by sodium cyanoborohydride (0.015 g, 0.233 mmol) was then added and the
reaction stirred at rt for 20 h. The reaction was concentrated and diluted with saturated
NaHCO, and extracted with EtOAc (3 x 5 mL). The EtOAc layer was dried with MgSO4,

filtered and concentrated. The product was purified by reverse-phase MPLC (10 - 100%
MeCN:water) to produce (1-(4-(dimethylamino)phenethyl)piperidin-4-yl)diphenylmethanol
(0.027 g, 0.065 mmol, 84% yield). 'H NMR (400 MHz, CDCls): 3 7.50 — 7.46 (m, 4H), 7.31
—7.26 (m, 4H), 7.17 (tt,J=7.3 Hz, 1.8 Hz, 2H), 7.06 (d, /= 8.3 Hz, 2H), 6.68 (d, /= 8.3 Hz,
2H), 3.08 — 3.02 (m, 2H), 2.90 (s, 6H), 2.72 — 2.67 (m, 2H), 2.56 — 2.50 (m, 2H), 2.48 — 2.42
(m, 1H), 2.30 (br s, 1H), 2.07 — 2.00 (m, 2H), 1.56 — 1.51 (m, 4H). *C NMR (125 MHz,
CDCl3): & 149.1, 146.0, 129.2, 128.4, 128.1, 126.4, 125.8, 112.9, 79.4, 61.1, 54.0, 44.2, 41.0,
40.8, 32.6, 26.4. LCMS Retention time: 2.50 min. LCMS purity 96.1%. HRMS (ESI): m/z
caled for C,sH34N,O [M+H] 415.2671, found 415.2744.
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KSC-352-082

Diphenyl(1-(4-(trifluoromethyl)phenethyl)piperidin-4-yl)methanol. To a vial was added
the diphenyl(piperidin-4-yl)methanol (0.100 g, 0.374 mmol), 1-(2-bromoethyl)-4-
(trifluoromethyl)benzene (0.057 ml, 0.340 mmol) and acetonitrile (10 mL). The TEA (0.071
mL, 0.510 mmol) was then added and the reaction stirred at 85 °C for 18 h. The reaction was
diluted with water and extracted with EtOAc (3 x 15 mL). The EtOAc layer was collected
and dried with MgSO,, filtered and adsorbed to silica then purified by MPLC (15 min, 0 - 10
% MeOH:DCM) to produce pure diphenyl(1-(4-(trifluoromethyl)phenethyl)piperidin-4-
yl)methanol (0.074 g, 0.168 mmol, 49% yield) as an oil. 'H NMR (400 MHz, CDCls): & 7.54
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—7.47 (m, 4H), 7.33 — 7.27 (m, 6H), 7.19 (tt, J = 7.3 Hz, 1.8 Hz, 2H), 3.06 — 3.00 (m, 2H),
2.86 —2.80 (m, 2H), 2.60 — 2.55 (m, 2H), 2.51 — 2.42 (m, 1H), 2.14 (br s, 1H), 2.10 — 2.03
(m, 2H), 1.57 — 1.47 (m, 4H). “C NMR (125 MHz, CDCls):  145.9, 144.6, 129.0, 128.3 (q,
J=32Hz), 1282, 126.5, 125.8, 125.2 (q, 3.8 Hz), 124.2 (q, J = 271.8 Hz), 79.5, 60.2, 54.1,
44.1,33.6,26.4,21.0. LCMS Retention time: 3.877 min. LCMS purity 99.1%. HRMS (ESI):
m/z caled for C,7H,F3NO [M+H]" 440.2123, found 440.2196.

HO

Fan 0T S0y

KSC-352-088

(1-(4-Fluorophenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the
diphenyl(piperidin-4-yl)methanol (0.099 g, 0.370 mmol), 1-(2-bromoethyl)-4-fluorobenzene
(0.047 mL, 0.337 mmol) and acetonitrile (10 mL). The TEA (0.070 mL, 0.505 mmol) was
then added and the reaction stirred at 85 °C at for 19 h and was cooled to rt. The reaction was
diluted with water and extracted with EtOAc (3 x 15 mL). The EtOAc layer was collected
and dried with MgSO,, filtered and adsorbed to silica then purified by MPLC (15 min, 0 - 10
% MeOH:DCM) to produce pure (1-(4-fluorophenethyl)piperidin-4-yl)diphenylmethanol
(0.123 g, 0.316 mmol, 94% yicld). "H NMR (400 MHz, CDCls): & 7.51 — 7.47 (m, 4H), 7.32
—7.27 (m, 4H), 7.21 = 7.11 (m, 4H), 6.98 — 6.92 (m, 2H), 3.06 — 3.00 (m, 2H), 2.78 —2.72
(m, 2H), 2.56 — 2.51 (m, 2H), 2.50 — 2.42 (m, 1H), 2.21 (br s, 1H), 2.08 — 1.99 (m, 2H), 1.57
— 1.48 (m, 4H). *C NMR (125 MHz, CDCl:): & 161.2 (d, J = 243.6 Hz), 145.9, 136.5 (d, J =
3.2 Hz), 1299 (d,J=7.9 Hz), 128.1, 126.5, 125.8, 115.0 (d, /=21.2 Hz), 79.5, 60.8, 54.1,
44.2,33.0,26.4, 21.0. LCMS Retention time: 3.733 min. LCMS purity 96.8%. HRMS (ESI):
m/z caled for CogHosFNO [M+H]' 390.2155, found 390.2228.

0] Br OH
—’.
L\

KSC-352-090

2-(3-(Tert-butyl)phenyl)ethanol. To a vial was added the 1-bromo-3-(tert-butyl)benzene
(0.107 g, 0.502 mmol) and dry THF. The reaction was then cooled to -78 °C and the BuLi
(0.221 mL, 0.552 mmol) (2.5 M in hexanes) was added dropwise and the reaction stirred for
30 min at -78 °C and then ethylene oxide (0.502 mL, 1.255 mmol) (2.5 - 3.3M solution in
THF) was added dropwise and the reaction stirred for 10 minutes at -78 °C then warmed to rt
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and stirred for 1 h. The reaction was then quenched with 1.0 M HCI (2 mL) and extracted
with EtOAc (3 x 5 mL). The EtOAc layer was combined, concentrated and purified by
reverse-phase MPLC (10 - 100 % MeCN:water) to produce pure 2-(3-(tert-
butyl)phenyl)ethanol (0.035 g, 0.196 mmol, 39% yield). '"H NMR (400 MHz, CDCls): & 7.31
—7.27 (m, 3H), 7.10 -7.07 (m, 1H), 3.90 (t, /= 6.6 Hz, 2H), 2.91 (t, /= 6.5 Hz, 2H), 1.52 (br
s, 1H), 1.36 (s, 9H).

OH O\ 1/

KSC-352-093

3-(Tert-butyl)phenethyl 4-methylbenzenesulfonate. To a vial was added the 2-(3-(tert-
butyl)phenyl)ethanol (KSC-352-090) (0.035 g, 0.196 mmol), TEA (0.082 mL, 0.589 mmol)
and DCM (2 mL) followed by p-toluenesulfonyl chloride (0.056 g, 0.294 mmol). The
reaction began to stir at rt for 20 h and was then diluted with saturated NaHCO, and extracted
with EtOAc. The EtOAc was then dried with MgSO,, filtered and concentrated then purified
by reverse-phase MPLC (10 - 100% MeCN:water) to provide pure 3-(tert-butyl)phenethyl 4-
methylbenzenesulfonate (0.060 g, 0.180 mmol, 92% yield). 'H NMR (400 MHz, CDCls): &
7.70 (d, J= 8.4 Hz, 2H), 7.30 — 7.24 (m, 3H), 7.19 (t,J = 7.52 Hz, 1H), 7.14 — 7.12 (m, 1H),
422 (t,J="7.2 Hz, 2H), 2.96 (t,J= 7.2 Hz, 2H), 2.43 (s, 3H), 1.29 (s, 9H).

C ., T
XQN L spevee

KSC-352-097

(1-(3-(Tert-butyl)phenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the 3-
(tert-butyl)phenethyl 4-methylbenzenesulfonate (KSC-352-093) (0.060 g, 0.180 mmol),
diphenyl(piperidin-4-yl)methanol (0.048 g, 0.180 mmol) and acetonitrile (1 mL). The TEA
(0.038 mL, 0.271 mmol) was added and the reaction stirred at 85 °C for 18 h and was cooled
to rt then diluted with water and extracted with EtOAc. The EtOAc layer was concentrated
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and the crude product was purified by reverse-phase MPLC (10 - 100% MeCN:water) to
produce the pure (1-(3-(tert-butyl)phenethyl)piperidin-4-yl)diphenylmethanol (0.065 g, 0.152
mmol, 84% yield). 'H NMR (400 MHz, CDCls): § 7.51 — 7.47 (m, 4H), 7.32 — 7.27 (m, 4H),
7.23 -7.16 (m, 5H), 7.01 — 6.98 (m, 1H), 3.09 — 3.04 (m, 2H), 2.81 — 2.76 (m, 2H), 2.61 —
2.55 (m, 2H), 2.51 — 2.43 (m, 1H), 2.28 (br s, 1H), 2.10 — 2.02 (m, 2H), 1.30 (s, 9H), 1.32 —
1.26 (m, 4H). “C NMR (125 MHz, CDCl3): 8 151.2, 145.9, 140.0, 128.1, 128.0, 126.5,
125.8,125.71, 125.68, 123.0, 79.5, 54.1, 44.2, 34.6, 34.0, 31.6, 31.4, 26.4, 22.6. LCMS
Retention time: 4.214 min. LCMS purity 96.4%. HRMS (ESI): m/z calcd for C30H37NO
[M+H]" 428.2875, found 428.2948.

0 o )
S = (%
O £
0=8=0
| @]
KSC-352-099

3-((Phenylsulfonyl)methylene)oxetane. To an oven-dried vial was added
(methylsulfonyl)benzene (0.570 g, 3.65 mmol) and the vial was evacuated with argon 3
times. The dry THF (17 mL) was added and the reaction was cooled to 0 °C. The 2.5 M
BuLi in hexanes (3.21 mL, 8.03 mmol) was added dropwise and the reaction began to stir at 0
°C and stirred for 45 minutes. The diethyl chlorophosphate (0.528 mL, 3.65 mmol) was then
added at 0 °C and the reaction stirred for 30 minutes. The reaction was then cooled to -78 °C
and the oxetan-3-one (0.330 mL, 5.15 mmol) was then added dropwise and the reaction
stirred for 2 h. The reaction was then warmed to rt and filtered through a silica plug. The
reaction was then concentrated onto silica and purified by MPLC (20 min, 0 - 40%
EtOAc:hex) to provide pure 3-((phenylsulfonyl)methylene)oxetane (0.579 g, 2.75 mmol,
75% yield). '"H NMR (400 MHz, CDCls): § 7.91 — 7.87 (m, 2H), 7.69 — 7.64 (m, 1H), 7.60 —
7.55 (m, 2H), 6.12 (quintet, J = 2.3 Hz, 1H), 5.66 — 5.63 (m, 2H), 5.30 — 5.27 (m, 2H).

HO~ -OH
o) | | O o
h: Ne)
S¢ . N
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HO
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KSC-367-003

2-(4-(3-((Phenylsulfonyl)methyl)oxetan-3-yl)phenyl)ethanol. To a vial was added the
chloro(1,5-cyclooctadiene)rhodium(I), dimer (0.012 g, 0.025 mmol) and 1,4-dioxane (10
mL). The 1.5 M aqueous KOH (0.496 mL, 0.745 mmol) was then added and the reaction
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stirred for 1 minute at rt. Then the (4-(2-hydroxyethyl)phenyl)boronic acid (0.103 g, 0.621
mmol) and 3-((phenylsulfonyl)methylene)oxetane (KSC-352-099) (0.052 g, 0.248 mmol) in 1
mL dioxane was added and the reaction stirred for 30 minutes at 100 °C in pwaves. The
reaction was then cooled to rt and diluted with EtOAc and washed with 1.0 M HCIL. The
water layer was extracted with EtOAc (3 x 15 mL). The EtOAc layer was collected and the
water was extracted with EtOAc again. The EtOAc layers were combined and dried with
MgSO,, filtered and concentrated then purified by reverse-phase MPLC (30 min, 10 - 100%
MeCN:water) to produce pure 2-(4-(3-((phenylsulfonyl)methyl) oxetan-3-yl)phenyl)ethanol
(0.063 g, 0.190 mmol, 76% yield). 'H NMR (400 MHz, CDCls): § 7.55 — 7.52 (m, 2H), 7.50
—7.46 (m, 1H), 7.36 — 7.31 (m, 2H), 7.09 (d, J = 8.4 Hz, 2H), 7.01 (d, /= 8.3 Hz, 2H), 5.03
(d,J=6.4 Hz, 2H), 4.93 (d, J = 6.4 Hz, 2H), 4.03 (s, 2H), 3.82 (t,J= 7.3 Hz, 2H), 2.80 (t, /=
7.3 Hz, 2H).

HO -
O NH O NH
KSC-367-027

4-(diphenylmethylene)piperidine. To a vial was added the diphenyl(piperidin-4-

yl)methanol (0.514 g, 1.922 mmol) and TFA (4 mL). The reaction stirred at 75 °C at for 24 h
and was concentrated in vacuo. The residue was then dissolved in DCM (5 mL) and washed
with water (4 mL). The DCM layer was collected and washed with water (1 x 5 mL), dried
with MgSO,, filtered concentrated then purified by reverse-phase MPLC (10 - 100%
MeCN:Hex) to produce pure 4-(diphenylmethylene)piperidine (0.296 g, 1.187 mmol, 62%
yield). '"H NMR (400 MHz, CDCls): § 7.34 —7.28 (m, 4H), 7.25 — 7.20 (m, 2H), 7.18 — 7.14
(m, 4H), 2.96 — 2.92 (m, 4H), 2.37 — 2.33 (m, 4H), 1.75 (br s, 1H).

KSC-367-032

4-(4-Benzylpiperidin-1-yl)-1-(4-(tert-butyl)phenyl)butan-1-one. To a vial was added the
4-benzylpiperidine (0.25 ml, 1.422 mmol), 1-(4-(tert-butyl)phenyl)-4-chlorobutan-1-one
(0.407 g, 1.707 mmol), acetonitrile and TEA (0.297 mL, 2.133 mmol). The reaction stirred at
85 °C for 17 h. The reaction was cooled to rt and diluted with saturated NaHCO, then

extracted with EtOAc. The EtOAc was dried with MgSO,, filtered and concentrated. The
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crude material was purified by reverse-phase MPLC (10 - 100% MeCN:water) to produce 4-
(4-benzylpiperidin-1-yl)-1-(4-(tert-butyl)phenyl)butan-1-one (0.291 g, 0.771 mmol, 54%
yield). '"H NMR (400 MHz, CDCls): § 7.91 (d, J = 8.6 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 7.29
—7.24 (m, 2H), 7.20 - 7.16 (m, 1H), 7.14 - 7.11 (m, 2H), 2.96 (t, /= 7.2 Hz, 2H), 2.90 — 2.84
(m, 2H), 2.50 (d, J=7.0 Hz, 2H), 2.36 (t,/ = 7.3 Hz, 2H), 1.96 — 1.82 (m, 4H), 1.63 — 1.56
(m, 2H), 1.53 — 1.46 (m, 1H), 1.34 (s, 9H), 1.28 — 1.18 (m, 2H).

> . C

HO

HO J
O NH Br""0H O N ~-OH

KSC-367-033

3-(4-(Hydroxydiphenylmethyl)piperidin-1-yl)propan-1-ol. To a vial was added the
diphenyl(piperidin-4-yl)methanol (0.502 g, 1.878 mmol), 3-bromopropan-1-ol (0.204 mL,
2.253 mmol), acetonitrile and TEA (0.393 mL, 2.82 mmol). The reaction stirred at 85 °C for
3 h. The reaction was cooled to rt and diluted with saturated NaHCO, and extracted with

EtOAc. The EtOAc layer was concentrated and purified by reverse-phase MPLC (10 - 100 %
MeCN:water) to provide 3-(4-(hydroxydiphenylmethyl)piperidin-1-yl)propan-1-ol (0.395 g,
1.214 mmol, 65% yield) as a white solid. "H NMR (400 MHz, CDCls): § 7.48 — 7.44 (m, 4H),
7.31-7.27 (m, 4H), 7.20 — 7.15 (m, 2H), 5.45 (br s, 1H), 3.75 (t, J= 5.2 Hz, 2H), 3.12 - 3.06
(m, 2H), 2.57 (t, J=5.7 Hz, 2H), 2.47 — 2.36 (m, 1H), 1.98 — 1.91 (m, 2H), 1.70 — 1.65 (m,
3H), 1.54 — 1.42 (m, 4H).

© HO HO i
O 0 s 0
O:S|:O N\/\/OH
Cl

KSC-367-036

3-(4-(Hydroxydiphenylmethyl)piperidin-1-yl)propyl 4-methylbenzenesulfonate. Prepared
with same method at KSC-352-093 using 3-(4-(hydroxydiphenylmethyl)piperidin-1-
yl)propan-1-ol (KSC-367-033) (0.395 g, 1.214 mmol), 4-methylbenzene-1-sulfonyl chloride
(0.347 g, 1.821 mmol), DCM (5 mL) and TEA (0.508 mL, 3.64 mmol) to produce pure 3-(4-
(hydroxydiphenylmethyl)piperidin-1-yl)propyl 4-methylbenzenesulfonate (0.193 g, 0.402
mmol, 33% yield). 'H NMR (400 MHz, CDCls): 8 7.69 — 7.66 (m, 2H), 7.46 — 7.41 (m, 4H),
7.24 -7.19 (m, 4H), 7.15 - 7.05 (m, 4H), 4.26 — 4.12 (m, 4H), 3.73 — 3.65 (m, 2H), 3.27 -
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3.18 (m, 2H), 2.68 — 2.60 (m, 1H), 2.47 —2.37 (m, 2H), 2.30 (s, 3H), 1.88 — 1.76 (m, 2H),
1.52 — 1.43 (m, 2H).

OH

Z

KSC-367-039

4-(4-Benzylpiperidin-1-yl)-1-(4-(tert-butyl)phenyl)butan-1-ol. Method B: 4-(4-
benzylpiperidin-1-yl)-1-(4-(tert-butyl)phenyl)butan-1-one (KSC-367-032) (0.291 g, 0.771
mmol) and MeOH (5 mL) and sodium borohydride (0.117 g, 3.08 mmol) to produce pure 4-
(4-benzylpiperidin-1-yl)-1-(4-(tert-butyl)phenyl)butan-1-ol (0.232 g, 0.611 mmol, 79%
yield). "H NMR (400 MHz, CDCl3): & 7.35 — 7.25 (m, 6H), 7.21 — 7.12 (m, 3H), 4.64 — 4.60
(m, 1H), 3.13 - 3.07 (m, 1H), 2.94 — 2.88 (m, 1H), 2.54 (d, /= 7.0 Hz, 2H), 2.44 — 2.34 (m,
2H), 2.03 — 1.93 (m, 2H), 1.90 — 1.38 (m, 10H), 1.31 (s, 9H). *C NMR (125 MHz, CDCL):
0 149.4,142.9,140.7,129.1, 128.2, 125.8, 125.4, 125.0, 73.5, 59.0, 54.6, 52.9, 42.9, 40.1,
38.0,34.4,31.8,31.6,31.4,24.3. LCMS Retention time: 4.330 min. LCMS purity 99.1%.
HRMS (ESI): m/z caled for C,sH3,NO [M+H]" 380.2875, found 380.2948.

HO
o= S—O

KSC-367-043

(1-(3-((4-(Tert-butyl)phenyl)amino)propyl)piperidin-4-yl)diphenylmethanol. To a vial
was added the 3-(4-(hydroxydiphenylmethyl)piperidin-1-yl)propyl 4-methylbenzenesulfonate
(KSC-367-036) (0.088 g, 0.183 mmol), 4-(tert-butyl)aniline (0.035 mL, 0.220 mmol) and
TEA (0.038 mL, 0.275 mmol) with acetonitrile (3 mL). The reaction began to stir at 85 °C for
18 h and was then cooled to rt and diluted with saturated NaHCO, then extracted with
EtOAc. The EtOAc was concentrated and purified by reverse-phase MPLC (10 - 100%
MeCN:water) to produce pure (1-(3-((4-(tert-butyl)phenyl)amino) propyl)piperidin-4-
yl)diphenylmethanol (0.038 g, 0.083 mmol, 45% yield). '"H NMR (400 MHz, CDCls): § 7.50
—7.46 (m, 4H), 7.33 — 7.28 (m, 4H), 7.21 — 7.16 (m, 4H), 6.51 (d, /= 8.7 Hz, 2H), 3.13 (t, J
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= 6.4 Hz, 2H), 3.02 — 2.96 (m, 2H), 2.49 — 2.41 (m, 3H), 2.15 (br s, 1H), 2.00 — 1.93 (m, 2H),
1.80 — 1.73 (m, 2H), 1.57 — 1.43 (m, 5H), 1.27 (s, 9H). *C NMR (125 MHz, CDCls): &
146.4, 1459, 139.7, 128 2, 126.5, 125.9, 125.8, 112.4, 79.6, 57.4, 54.2, 44 2, 43.7, 33 .8, 31.5,
26.6,26.2. LCMS Retention time: 4.208 min. LCMS purity 100%. HRMS (ESI): m/z calcd
for C3oH3sN,O [M+H]™ 457.6620, found 457.3194.

C @ o
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KSC-367-044

NWO\@\K

(1-(3-(4-(Tert-butyl)phenoxy)propyl)piperidin-4-yl)diphenylmethanol. To a vial was
added the 3-(4-(hydroxydiphenylmethyl)piperidin-1-yl)propyl 4-methylbenzenesulfonate
(KSC-367-036) (0.105 g, 0.219 mmol), 4-(tert-butyl)phenol (0.039 g, 0.263 mmol) and TEA
(0.046 mL, 0.328 mmol) with acetonitrile (3 mL). The reaction stirred at 85 °C for 18 h then
diluted with saturated NaHCO, and extracted with EtOAc. The EtOAc layer was

concentrated and purified by RP MPLC (10 - 100% MeCN:water) to produce pure (1-(3-(4-
(tert-butyl)phenoxy)propyl)piperidin-4-yl)diphenylmethanol (0.015 g, 0.033 mmol, 15 %
yield). "H NMR (400 MHz, CDCl3): & 7.49 — 7.46 (m, 4H), 7.31 — 7.26 (m, 6H), 7.19 — 7.14
(m, 2H), 6.81 (d, /= 8.8 Hz, 2H), 3.96 (t, /= 6.4 Hz, 2H), 3.01 — 2.94 (m, 2H), 2.51 - 2.40
(m, 3H), 1.99 — 1.89 (m, 5H), 1.52 — 1.45 (m, 4H), 1.28 (s, 9H). *C NMR (125 MHz,
CDCly): 6 156.7,145.9,143.2,128.1, 126.5, 126.1, 125.7, 116.3, 113.9, 79.5, 66.3, 60.4,
55.4,54.1,44.1, 34.0,31.5,29.7,27.0, 26.4. LCMS Retention time: 4.293 min. LCMS purity
95.2%. HRMS (ESI): m/z calcd for C30H37NO, [M+H]" 458.6470, found 458.3068.

\/\/Li
O »
AN
KSC-367-047

2-(6-(tert-butyl)pyridin-3-yl)ethanol. Prepared by same method as KSC-352-090 with 5-
bromo-2-(tert-butyl)pyridine (0.303 g, 1.415 mmol), dry THF (10 mL), 2.5 M BuLi in
hexanes (0.623 mL, 1.557 mmol) and ethylene oxide (1.415 ml, 3.54 mmol) (2.5 - 3.3M
solution in THF) to produce pure 2-(6-(tert-butyl)pyridin-3-yl)ethanol (0.211 g, 1.177 mmol,
83% yield). ). 'H NMR (400 MHz, CDCls): & 8.40 (br d, J=2.4 Hz, 1H), 7.48 (dd, J=8.2
Hz, 2.4 Hz, 1H), 7.26 (dd, /= 8.2 Hz, 0.8 Hz, 1H), 3.85 (br t, /= 6.0 Hz, 2H), 2.82 (t,/= 6.5
Hz, 2H), 2.29 (br s, 1H), 1.33 (s, 9H).
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KSC-367-049

2-(6-(tert-butyl)pyridin-3-yl)ethyl 4-methylbenzenesulfonate. Prepared by same method at
KSC-352-093 with 2-(6-(tert-butyl)pyridin-3-yl)ethanol (KSC-367-047) (0.211 g, 1.177
mmol), TEA (0.492 mL, 3.53 mmol) and DCM (2 mL) followed by p-toluenesulfonyl
chloride (0.337 g, 1.766 mmol) to provide pure 2-(6-(tert-butyl)pyridin-3-yl)ethyl 4-
methylbenzenesulfonate (0.260 g, 0.780 mmol, 66% yield). "H NMR (400 MHz, CDCls): &
8.29 (brd,J=2.4 Hz, 1H), 7.69 (d, J= 8.3 Hz, 2H), 7.40 (dd, /= 8.2 Hz, 2.4 Hz, 1H), 7.30 —
7.27 (m, 2H), 7.23 (dd, /= 8.2 Hz, 0.8 Hz, 1H), 4.19 (t,J= 6.9 Hz, 2H), 2.92 (t, /= 6.8 Hz,
2H), 2.43 (s, 3H), 1.34 (s, 9H).

O//
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KSC-367-052
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(1-(2-(6-(Tert-butyl)pyridin-3-yl)ethyl)piperidin-4-yl)diphenylmethanol. To a vial was
added the diphenyl(piperidin-4-yl)methanol (0.250 g, 0.936 mmol), 2-(6-(tert-butyl)pyridin-
3-ylethyl 4-methylbenzenesulfonate (KSC-367-049) (0.260 g, 0.780 mmol) and acetonitrile
(5 mL). The TEA (0.163 mL, 1.170 mmol) was then added and the reaction stirred at 50 °C
for 20 h and was then cooled to 1t and diluted with saturated NaHCO, then extracted with

DCM. The DCM layer was concentrated and purified by reverse-phase MPLC (10 - 100%
MeCN:water) to produce pure (1-(2-(6-(tert-butyl)pyridin-3-yl)ethyl)piperidin-4-
yl)diphenylmethanol (0.308 g, 0.719 mmol, 92% yield). "H NMR (400 MHz, CDCls): & 8.39
—8.38 (m, 1H), 7.51 — 7.48 (m, 4H), 7.42 (dd, /= 8.1 Hz, 2.4 Hz, 1H), 7.32 — 7.27 (m, 4H),
7.25-7.22 (m, 1H), 7.20 - 7.15 (m, 2H), 3.07 — 3.01 (m, 2H), 2.76 — 2.71 (m, 2H), 2.57 -
2.52 (m, 2H), 2.50 — 2.42 (m, 1H), 2.31 (br s, 1H), 2.09 — 2.01 (m, 2H), 1.57 — 1.48 (m, 4H),
1.35 (s, 9H). *C NMR (125 MHz, CDCl3): § 166.9, 148.7, 145.9, 136.3, 132.3, 128.1, 126.5,
125.8, 118.6, 79.4, 60.2, 54.0, 44.1, 37.0, 30.3, 30.2, 26.4. LCMS Retention time: 3.802 min.
LCMS purity 99.5%. HRMS (ESI): m/z caled for CooH3¢N,O [M+H]" 429.2828, found
429.2900.
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1-(4-(Tert-butyl)phenyl)-4-(4-(diphenylmethylene)piperidin-1-yl)butan-1-one. To a vial
was added the 4-(diphenylmethylene)piperidin-1-ium 2,2,2-trifluoroacetate (KSC-367-027)
(0.0475 g, 0.131 mmol), 1-(4-(tert-butyl)phenyl)-4-chlorobutan-1-one (0.037 g, 0.157 mmol)
and TEA (0.046 mL, 0.327 mmol) in acetonitrile. The reaction stirred at 75 °C for 20 h. The
reaction was removed from heat and diluted with saturated NaHCO,, extracted with EtOAc.
The EtOAc layer was concentrated and purified by reverse-phase MPLC (10 - 100%
MeCN:water) to produce pure 1-(4-(tert-butyl)phenyl)-4-(4-(diphenylmethylene)piperidin-1-
yl)butan-1-one (0.019 g, 0.042 mmol, 32% yield). "H NMR (400 MHz, CDCls): § 7.91 (d, J
=8.2 Hz, 2H), 7.46 (d, /= 8.3 Hz, 2H), 7.30 — 7.25 (m, 4H), 7.21 - 7.17 (m, 2H), 7.13 - 7.10
(m, 4H), 2.99 (t, J = 7.2 Hz, 2H), 2.51 — 2.32 (m, 10H), 1.98 — 1.91 (m, 2H), 1.34 (s, 9H).

I Br O
O o ®

KSC-367-053

KSC-367-055

(1-(4-Chlorophenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the
diphenyl(piperidin-4-yl)methanol (0.221 g, 0.827 mmol), 1-(2-bromoethyl)-4-chlorobenzene
(0.165 g, 0.752 mmol), acetonitrile (4 mL) and TEA (0.157 mL, 1.128 mmol). The reaction
stirred at 75 °C for 18 h then was cooled to rt and diluted with saturated NaHCO, and

extracted with EtOAc. The EtOAc layer was concentrated and purified by reverse-phase
MPLC (10 - 100% MeCN:water) to produce pure (1-(4-chlorophenethyl)piperidin-4-
yl)diphenylmethanol (0.224 g, 0.552 mmol, 73% yield). '"H NMR (400 MHz, CDClz): § 7.39
—7.36 (m, 4H), 7.20 — 7.15 (m, 4H), 7.12 - 7.09 (m, 2H), 7.08 — 7.03 (m, 2H), 6.99 — 6.96
(m, 2H), 2.92 — 2.87 (m, 2H), 2.64 — 2.58 (m, 2H), 2.43 — 2.38 (m, 2H), 2.37 — 2.30 (m, 1H),
2.22 (brs, 1H), 1.95 — 1.88 (m, 2H), 1.44 — 1.35 (m, 4H). *C NMR (125 MHz, CDCls): &
145.9, 145.8, 138.9, 131.6, 129.9, 128.3, 128.0, 126.4, 125.7, 79.4, 79.3, 60.4, 57.0, 44.1,
33.0,26.4. LCMS Retention time: 3.903 min. LCMS purity 99.6%. HRMS (ESI): m/z calcd
for CsHsCINO [M+H]" 406.1859, found 406.1932.
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KSC-367-058

1-(4-(Tert-butyl)phenyl)-4-(4-(diphenylmethylene)piperidin-1-yl)butan-1-ol. Method B:
1-(4-(tert-butyl)phenyl)-4-(4-(diphenylmethylene)piperidin-1-yl)butan-1-one (KSC-367-053)
(0.019 g, 0.042 mmol) and sodium borohydride (6.37 mg, 0.168 mmol) to produce pure 1-(4-
(tert-butyl)phenyl)-4-(4-(diphenylmethylene)piperidin-1-yl)butan-1-ol (0.010 g, 0.022 mmol,
52% yield). '"H NMR (400 MHz, CDCls):  7.35 — 7.26 (m, 8H), 7.23 — 7.18 (m, 2H), 7.13 —
7.10 (m, 4H), 4.68 — 4.65 (m, 1H), 2.66 — 2.60 (m, 2H), 2.55 — 2.42 (m, 8H), 2.00 — 1.94 (m,
1H), 1.90 — 1.81 (m, 1H), 1.73 — 1.63 (m, 3H), 1.30 (s, 9H). *C NMR (125 MHz, CDCls): 3
149.5, 142.7, 142.3, 136.4, 134.6, 129.7, 128.0, 126.4, 125.3, 125.0, 73.3, 58.7, 55.0, 39.6,
34.4,31.6,31.4,31.1, 24.0, 22.6. LCMS Retention time: 4.454 min. LCMS purity 97.1%.
HRMS (ESI): m/z caled for C3,H3oNO [M+H]" 454.3032, found 454.3104.

O
OH O\/ IS//
% X S
\\O \\O C H3
@] @]

KSC-367-066

4-(3-((phenylsulfonyl)methyl)oxetan-3-yl)phenethyl 4-methylbenzenesulfonate. Prepared
by the same method as KSC-352-093 with 2-(4-(3-((phenylsulfonyl)methyl)oxetan-3-
yl)phenyl)ethanol (KSC-367-003) (0.104 g, 0.313 mmol), TEA (0.131 mL, 0.939 mmol) and
DCM (2 mL) followed by p-toluenesulfonyl chloride (0.089 g, 0.469 mmol) to produce 4-(3-
((phenylsulfonyl)methyl)oxetan-3-yl)phenethyl 4-methylbenzenesulfonate (0.041 g, 0.084
mmol, 27% yield). "H NMR (400 MHz, CDCls): & 7.75 (d, J = 8.3 Hz, 2H), 7.57 — 7.46 (m,
4H), 7.36 — 7.32 (m, 4H), 7.02 — 6.96 (m, 3H), 5.00 (d, /= 6.4 Hz, 2H), 4.93 (d, /= 6.4 Hz,
2H), 4.17 (t,J=7.0 Hz, 2H), 4.01 (s, 2H), 2.90 (t, /= 7.0 Hz, 2H), 2.45 (s, 3H).
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KSC-367-069

Diphenyl(1-(4-(3-((phenylsulfonyl)methyl)oxetan-3-yl)phenethyl)piperidin-4-
y)methanol. To a vial was added the 4-(3-((phenylsulfonyl)methyl)oxetan-3-yl)phenethyl 4-
methylbenzenesulfonate (KSC-367-066) (0.041 g, 0.084 mmol) and diphenyl(piperidin-4-
yl)methanol (0.025 g, 0.093 mmol) in acetonitrile. The TEA (0.018 ml, 0.126 mmol) was
then added and the reaction stirred at 50 °C for 18 h. The reaction was removed from heat
and cooled to rt then diluted with saturated NaHCO,. The reaction was then extracted with

EtOAc (3 x 5 mL) and the EtOAc layer was dried with MgSO,, filtered and concentrated.

The crude residue was purified by reverse-phase MPLC (15 min, 10 - 100% MeCN:water) to
produce diphenyl(1-(4-(3 ((phenylsulfonyl) methyl)oxetan-3-yl)phenethyl)piperidin-4-
yl)methanol (0.024 g, 0.041 mmol, 49% yield). '"H NMR (400 MHz, CDCl:): § 7.53 — 7.43
(m, 6H), 7.33 - 7.27 (m, 7H), 7.21 — 7.16 (m, 2H), 7.04 (d, /= 8.2 Hz, 2H), 6.96 (d, /= 8.2
Hz, 2H), 5.02 (d, /= 6.4 Hz, 2H), 4.92 (d, /= 6.4 Hz, 2H), 4.01 (s, 2H), 3.08 — 3.02 (m, 2H),
2.74 - 2.69 (m, 2H), 2.56 — 2.44 (m, 3H), 2.10 — 2.02 (m, 2H), 1.60 — 1.50 (m, 5H).

S )

HO

J L P N \

o
KSC-367-072

(1-(4-(3-Methyloxetan-3-yl)phenethyl)piperidin-4-yl)diphenylmethanol. To a vial was
added the diphenyl(1-(4-(3-((phenylsulfonyl)methyl)oxetan-3-yl)phenethyl)piperidin-4-
yl)methanol (KSC-367-069) (0.024 g, 0.041 mmol) and MeOH (10 mL) and the reaction as
heated to 50 °C. The magnesium was added in 3 additions (0.016 g, 0.066 mmol, 16 equiv)
1.5 h apart. The reaction was removed from heat 1.5 h after the final magnesium addition,
cooled to rt and poured into 1.0 M HCI with ice. The aqueous layer was then extracted with
DCM (3 x 10 mL) and the organic layers were combined and dried with MgSO,, filtered and

concentrated then purifed by reverse-phase MPLC (15 min, 10 - 100% MeCN:water). To
produce (1-(4-(3-methyloxetan-3-yl)phenethyl)piperidin-4-yl)diphenylmethanol (0.0045 g,
10.19 umol, 24.70 % yield) as a light brown solid. "H NMR (400 MHz, CDCls): § 7.51 - 7.47
(m, 4H), 7.32 - 7.27 (m, 4H), 7.21 - 7.16 (m, 4H), 7.13 - 7.10 (m, 2H), 4.95 (d, /= 5.5 Hz,
2H), 4.61 (d, J=5.5 Hz, 2H), 3.09 - 3.02 (m, 2H), 2.81 - 2.75 (m, 2H), 2.59 - 2.54 (m, 2H),
2.50 - 2.42 (m, 1H), 2.16 (br s, 1H), 2.09 - 2.00 (m, 2H), 1.71 (s, 3H), 1.56 - 1.48 (m, 4H).
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PC NMR (125 MHz, CDCly): 3 145.9, 144.1, 138.4, 128.8, 128.2, 126.5, 125.8, 125.1, 83.8,
79.5,60.7,54.1,44.1,43.1, 33.3, 27.8, 26.4. LCMS Retention time: 3.652 min. LCMS purity
97.9%. HRMS (ESI): m/z caled for C30H3sNO, [M+H]" 442.2668, found 442.2741.

F
oH o, K
/

KSC-367-088

2-(Tert-butyl)phenyl trifluoromethanesulfonate. To a vial was added the 2-(tert-
butyl)phenol (1.0 ml, 6.51 mmol) and DCM (4 mL) followed by pyridine (1.053 mL, 13.02
mmol). The reaction was then cooled to 0 °C and the triflic anhydride (1.320 mL, 7.81
mmol) was added dropwise and the reaction stirred for 2 h. The reaction was then allowed to
warm to rt and was diluted with DCM and quenched with 1.0 M HCL. The DCM layer was
collected and washed with saturated NaHCO, and brine. The organic layer was then dried

(MgSO0,), filtered and adsorbed to silica and purified by MPLC (0 - 25% EtOAc:hex) to

produce pure 2-(tert-butyl)phenyl trifluoromethanesulfonate (1.66 g, 5.88 mmol, 90% yield).
'H NMR (400 MHz, CDCls): & 7.49 — 7.46 (m, 1H), 7.37 — 7.34 (m, 1H), 7.31 — 7.27 (m,
2H), 1.43 (s, 9H).

B\O

KSC-381-009

2-(2-(Tert-butyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane. To a flame-dried vial
was added molecular sieves and 2-(tert-butyl)phenyl trifluoromethanesulfonate (KSC-367-
088) (0.475 g, 1.683 mmol) and 1,1'-Bis(diphenylphosphino)ferrocenedichloropalladium(Il)
(0.042 g, 0.050 mmol). The vial was evacuated with argon 3 times and then dioxane (1 mL),
TEA (0.704 mL, 5.05 mmol) and 4.4,5,5-tetramethyl-1,3,2-dioxaborolane (0.732 mL, 5.05
mmol) were added via syringe. The reaction stirred at reflux (100 °C) for 2 h. The reaction
was then removed from heat and diluted with water then extracted with DCM (3 x 5 mL).
The DCM layer was then washed again with water (3 x 10 mL). The DCM layer was dried
with MgSO,, filtered and concentrated. The residue was diluted with hexanes and filtered
through MgSO, to remove the residual Pd complex. The hexanes layer was then
concentrated to produce pure 2-(2-(tert-butyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (0.093 g, 0.357 mmol, 86% yield). 'H NMR (400 MHz, CDCls): & 7.45 (dd, J
=7.2Hz, 1.2 Hz, 1H), 7.41 — 7.39 (m, 1H), 7.29 (td, /= 7.6 Hz, 2.0 Hz, 1H), 7.14 (td, /= 7.6
Hz, 2.0 Hz, 1H), 1.41 (s, 9H), 1.38 (s, 12H).
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KSC-381-011

1-Bromo-2-(tert-butyl)benzene. To a vial was added the 2-(2-(tert-butyl)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (KSC-381-009) (0.180 g, 0.692 mmol) and MeOH (1.5 mL).
The copper (II) bromide (0.464 g, 2.075 mmol) was then dissolved in water and added to the
reaction then stirred at 80 °C for 24 h. The reaction was then removed from heat and diluted
with water and extracted with EtOAc. The EtOAc was dried with MgSO,, filtered and

concentrated to produce 1-bromo-2-(tert-butyl)benzene (0.103 g, 0.483 mmol, 70% yield) as
a brown liquid. '"H NMR (400 MHz, CDCLs):  7.59 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.44 (dd, J
=8.0 Hz, 1.6 Hz, 1H), 7.24 (td, /= 7.6 Hz, 2.0 Hz, 1H), 7.02 (td, /= 7.6 Hz, 2.0 Hz, 1H),
1.51 (s, 9H).

B OH
O —_—
JAN

KSC-381-015

2-(2-(Tert-butyl)phenyl)ethanol. Prepared by same method as KSC-352-090 with 1-bromo-
2-(tert-butyl)benzene (KSC-381-011) (0.147 g, 0.690 mmol), dry THF, 2.5 M BuLi in
hexanes (0.303 ml, 0.759 mmol) and then ethylene oxide (0.690 ml, 1.724 mmol) (2.5 - 3.3M
solution in THF) to produce pure 2-(2-(tert-butyl)phenyl)ethanol (0.018 g, 0.101 mmol, 14.64
% vyield) as a clear oil. '"H NMR (400 MHz, CDCls): & 7.43 - 7.37 (m, 1H), 7.23 - 7.19 (m,
1H), 7.18 - 7.14 (m, 2H), 3.90 (t, /= 7.6 Hz, 2H), 3.19 (t, /= 7.6 Hz, 2H), 1.44 (s, 9H).

OH O\ /

KSC-381-018

2-(Tert-butyl)phenethyl 4-methylbenzenesulfonate. Prepared according to same procedure
as KSC-352-093 with 2-(2-(tert-butyl)phenyl)ethanol (KSC-381-015) (0.018 g, 0.101
mmol), TEA (0.042 mL, 0.303 mmol) and DCM (2 mL) followed by p-toluenesulfonyl
chloride (0.029 g, 0.151 mmol) to provide pure 2-(tert-butyl)phenethyl 4-
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methylbenzenesulfonate (0.022 g, 0.066 mmol, 66% yield) and a clear oil. '"H NMR (400
MHz, CDCls): 6 7.76 (d, J = 8.0 Hz, 2H), 7.37 - 7.31 (m, 3H), 7.17 - 7.04 (m, 3H), 4.19 (t,J
=7.6 Hz, 2H), 3.25 (t,J = 7.6 Hz, 2H), 2.44 (s, 3H), 1.33 (s, 9H).

o s
sae/ L ® %

KSC-381-020

(1-(2-(Tert-butyl)phenethyl)piperidin-4-yl)diphenylmethanol. To a vial was added the 2-
(tert-butyl)phenethyl 4-methylbenzenesulfonate (KSC-381-018) (0.022 g, 0.066 mmol),
diphenyl(piperidin-4-yl)methanol (0.018 g, 0.066 mmol) and acetonitrile. The TEA (0.014
mL, 0.099 mmol) was added and the reaction stirred at 85 °C for 20 h. The reaction was
cooled to rt and diluted with water then extracted with EtOAc. The EtOAc layer was
concentrated and the crude product was purified by reverse-phase MPLC (10 - 100%
MeCN:water) to produce the pure (1-(2-(tert-butyl)phenethyl) piperidin-4-
yl)diphenylmethanol (0.013 g, 0.030 mmol, 46% yield). 'H NMR (400 MHz, CDCls): & 7.51
—7.48 (m, 4H), 7.37 - 7.28 (m, 5H), 7.21 — 7.09 (m, 5H), 3.15 — 3.04 (m, 4H), 2.65 — 2.60
(m, 2H), 2.52 — 2.42 (m, 1H), 2.17 — 2.08 (m, 3H), 1.60 — 1.53 (m, 4H), 1.41 (s. 9H). C
NMR (125 MHz, CDCl): 6 147.7, 145.9, 138.5, 132.1, 128.2, 126.5, 126.1, 125.9, 125.84,
125.79,79.5,61.7,54.2,44.2,35.7,31.7,29.7, 26.4. LCMS Retention time: 4.200 min.
LCMS purity 99.3%. HRMS (ESI): m/z calcd for C30H37,NO [M+H]+ 428.2875, found
428.2948.
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Bacterial Strains and Conditions

All strains used to evaluate the antimicrobial activity of terfenadine and
corresponding structural derivatives are shown below in Table 5. S. aureus strain UAMS-1 is
an osteomyelitis clinical isolate (Gillaspy et al. “Role of the accessory gene regulator (agr) in
pathogenesis of staphylococcal osteomyelitis. Infect. Immun. 63:3373-3380 (1995)), whereas
ciprofloxacin-resistant strains CRC118 and CRC61 are spontaneous ciprofloxacin-resistant
derivatives of UAMS-1 that were selected by growth on Mueller-Hinton agar (MHA)
(Becton, Dickinson & Company, Franklin Lakes, NJ) at 1.5X MIC ciprofloxacin (0.75

ug/ml).

Table 5. Bacterial Strains Used in Terfenadine Study
Species  Strain Source
S. aureus UAMS-1 1
CRC61 Dunman Lab, URMC
CRC118 Dunman Lab, URMC

Minimum Inhibitory Concentration (MIC) Testing

Minimum Inhibitory Concentration (MIC) testing was performed to determine the
minimum concentration of test compound that is necessary to inhibit visible growth of
bacteria according to Clinical and Laboratory Standards (CLSI) guidelines (Clinical and
Laboratory Standards Institute (CLSI). Methods for Dilution Antimicrobial Susceptibility
Tests for Bacteria That Grow Aecrobically; Approved Standard—Ninth Edition. CLSI
document M07-A9. 2012. Clinical and Laboratory Standards Institute, 940 West Valley
Road, Suite 1400, Wayne, Pennsylvania 19087-1898 USA.) To do so, 10° colony forming
units of an overnight bacterial culture were seeded into individual wells of 96-well round-
bottom microtiter plates containing 88 pl of MHB medium. To the first column, 2 pl of the
test compound’s corresponding solvent was also added to each well (negative control). To
the next ten columms, 2 pl of the test compound (dissolved in DMSO for terfenadine and its
derivatives or sterile water for ciprofloxacin) was added in increasing 2-fold increments of
0.5 pg/ml to 256 pg/ml to each successive well. Each test compound was evaluated in
duplicate. Plates were incubated at 37°C incubator for 16 h at which point the minimum
inhibitory concentration was determined to be the lowest concentration of test compound that

inhibited bacterial growth, as judged by the unaided eye.

S. aureus DNA Gyrase Supercoiling Assay (TopoGEN)
The gyrase supercoiling assays were performed to determine if test compounds

interfered with S. aureus DNA gyrase activity, following the manufacturer’s
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recommendations (TopoGEN). Reactions (20 pl) contained kit provided assay buffer, ATP,
potassium glutamate, relaxed plasmid DNA (0.4 pg/ml), 2 Units of S. aureus DNA gyrase,
and various amounts of test compound. Reactions were incubated at 37°C for 30 min and
then stopped by the addition of 10% SDS, filtered through 0.025 um Millipore membrane
filters in a 10 mM Tris-HCI buffer (pH 8), and electrophoresed in a 1% agarose TAE gel.
Gels were stained with 0.5 pg/ml ethidium bromide and images were analyzed using
densitometry (Image J, NIH). The ICsq values for each test compound was determined to be

the compound concentration that inhibited S. aureus DNA gyrase activity by 50%.

S. aureus Topoisomerase IV Decatenation Assay (Inspiralis)

A Topoisomerase IV assay was performed on test compounds to determine if they
interfered with the ability of S. aureus topoisomerase IV to decatenate kDNA, according to
the recommendations of the manufacturer (Inspiralis). To do so, 0.25 U S. aureus
topoisomerase IV enzyme was mixed with 200 ng kDNA in kit provided reaction buffer, in
the absence or presence of various concentrations of test compounds at 37°C for 30 min. The
reaction was stopped by the addition of STEB stop buffer and 30 ul of 24:1
chlorform:isoamyl alcohol (total volume 90 ul). Reaction products then electrophoresed in a
1% agarose TAE gel, stained with 0.5 pg/ml ethidium bromide and images were analyzed
using densitometry (Image J, NIH). The ICs value for each test compound was determined
as the compound concentration that inhibited S. aureus topoisomerase IV activity by 50%.

The results are set forth in Table 6.
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What is claimed is:

1.

A method of treating or preventing an infection in a subject with or at risk of
developing an infection, the method comprising administering to the subject a

a compound of Formula |

wherein R represents hydrogen or hydroxyl and R' represents hydrogen, or R and R
taken together form a second bond between the carbon atoms bearing R and R'; R
represents hydrogen or phenyl; # is zero or a positive whole integer of from 1 to 4; X
represents CH,, CHOH, NH, C=0, CHNR? R4, where R and R* independently are
hydrogen or lower alkyl; and Z represents thienyl, pyridinyl, substituted pyridinyl,
phenyl or substituted phenyl wherein the substituents on the substituted pyridinyl or
substituted phenyl are selected from phenyl, pyridinyl, nitro, a halogen atom, such as
chlorine, fluorine, bromine, or iodine, a straight or branched lower alkyl chain of from
1 to 4 carbon atoms, a lower alkoxy group of from 1 to 4 carbon atoms, amino, a
mono or di(lower)alkylamino group, a saturated monocyclic heterocyclic group such
as pyrrolidino, piperidino, morpholino, or N-(lower)alkylpiperazino, or a group

having the structure —COORS, -CR6R7COOR5, -CF;, CHF,, CH,F, or
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where R’ is hydrogen or lower alkyl, and R® and R” independently are hydrogen or
methyl

or a pharmaceutically acceptable salt thereof.

2. A method of treating or preventing an infection in a subject with or at risk of
developing an infection, the method comprising administering to the subject a

compound of Formula III

RIRMNICH 1,0 / \ O e ORIRE

or a pharmaceutically acceptable salt thereof, wherein R' and Rare independently
selected from ethyl or methyl, n 1 or 2, R* and R* are both phenyl or substituted
phenyl, wherein the substituent can be halo (for example, fluoro-, chloro-, iodo- or
bromo-), hydroxyl, a lower alkyl or a substituted lower alkyl wherein the substituent
can be halo, hydroxy, or lower alkoxy, and R’ is hydrogen, a halogen, a lower alkyl
from about 1 to 4 carbon atoms or a substituted alkyl wherein the substituent can be

halo, hydroxy, or lower alkoxy.

3. A method of treating or preventing infection in a subject with or at risk of developing
an infection, the method comprising administering to the subject a compound selected
from the group consisting of:

a compound of Formula V

R
N /7 Z
szl’é{)\ C/
\Qx" \Z )

V)

wherein Ry is a lower alkyl group having from 1 to 4 carbon atoms being substituted
with one or several halogen atoms, Z is hydrogen or a lower alkyl group having from
1 to 4 carbon atoms, m is 2 or 3 and X, is the ethylene imino group or the group

having the formula:
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("~ )
A

wherein R is hydrogen or a lower alkyl group having from 1 to 4 carbon atoms which
may be substituted with a chlorine atom or a hydroxy group, and Z and m have the

above-given meaning,

a compound of Formula X

ReFon O nﬁﬁn’“ﬂﬁ««“? O
| 0 fﬂw.&ry; -
}:‘E‘ ™

ket

X)

wherein R represents a lower alkyl or a lower alkenyl group, a phenyl group which
can be substituted by halogen, methyl or lower alkoxy groups, or a benzyl group

which can be nuclear substituted by halogen, methyl or lower alkoxy groups,
X represents —O-, -S-, -SO-, or —SO»-,
n represents an integer from 1-4, and

Aryl represents a phenyl group which can be substituted by lower alkoxy or lower

alkylmercapto groups;

a compound of Formula XII

Q R Rr3 B RO
i 1
R oo e G N o O oo e e G oo R 6
42 I }i{ y

(X10)

wherein R and R® are the same or different and are hydroxy, lower alkoxy, lower
alkenoxy, dilower alkylamino lower alkoxy (dimethylaminoethoxy), acylamino lower
alkoxy (acetylaminoethoxy), acyloxy lower alkoxy (pivaloyloxymethoxy), aryloxy,

such as phenoxy, arloweralkoxy, such as benzyloxy, substituted aryloxy or substituted
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arloweralkoxy wherein the substitutent is methyl, halo or methoxy, amino,
loweralkylamino, diloweralkylamino, hydroxyamino, arloweralkylamino such as

benzylamino;

R' is hydrogen, alkyl of from 1 to 20 carbon atoms which include branched and cyclic
and unsaturated (such as allyl) alkyl groups, substituted loweralkyl wherein the
substituent can be halo, hydroxy, lower alkoxy, aryloxy such as phenoxy, amino,
diloweralkylamino, acylamino, such as acetamido and benzamido, arylamino,
guanidino, imidazolyl, indolyl, mercapto, loweralkylthio, arylthio such as phenylthio,
carboxy or carboxamido, carboloweralkoxy, aryl such as phenyl or naphthyl,
substituted aryl such as phenyl wherein the substituent is lower alkyl, lower alkoxy or
halo, arloweralkyl, arloweralkenyl, heteroarlower alkyl or heteroarlower alkenyl such
as benzyl, styryl or indolyl ethyl, substituted arloweralkyl, substituted arloweralkenyl,
substituted heteroarlower alkyl, or substituted heteroarlower alkenyl, wherein the
substituent(s) is halo, dihalo, lower alkyl, hydroxy, lower alkoxy, amino,
aminomethyl, acylamino (acetyl amino or benzoylamino) diloweralkylamino,
loweralkylamino, carboxyl, haloloweralkyl, cyano or sulfonamido; arloweralkyl or
heteroarloweralkyl substituted on the alkyl portion by amino or acylamino

(acetylamino or benzoylamino);
R” and R’ are the same or different and are hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, phenyl lower alkyl, aminomethyl phenyl lower alkyl,
hydroxy phenyl lower alkyl, hydroxy lower alkyl, acylamino lower alkyl (such as
benzoylamino lower alkyl, acetylamino lower alkyl), amino lower alkyl,
dimethylamino lower alkyl, halo lower alkyl, guanidino lower alkyl, imidazolyl lower

alkyl, indolyllower alkyl, mercapto lower alkyl, lower alkyl thio lower alkyl;
R" is hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, phenyl, phenyl lower alkyl, hydroxy phenyl lower alkyl,
hydroxy lower alkyl, amino lower alkyl, guanidino lower alkyl, imidazolyl lower

alkyl, indolyl lower alkyl, mercapto lower alkyl or lower alkyl thio lower alkyl;

R* and R’ may be connected together to form an alkylene bridge of from 2 to 4 carbon

atoms, an alkylene bridge of from 2 to 3 carbon atoms and one sulfur atom, an
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alkylene bridge of from 3 to 4 carbon atoms containing a double bond or an alkylene

bridge as above substituted with hydroxy, loweralkoxy, loweralkylor diloweralky;

a compound of Formula XIII

R (XIII)

wherein R is H, alkyl, acyl or silyl(alkyl);; R, is H and R3 is OH, O-acyl, O-alkyl or
O-silyl (alkyl); or R; is H and R; is OH. O-acyl, O-alkyl or O-silyl (alkyl)s; or R, and
R; together represent O; or R, and R3 together represent acetal or cyclic acetal. Ry

might also represent a substituted alkyl such as e.g. methoxy ethoxy methyl;

a compound of Formula XTIV

(XIV)

wherein PY is 4- or 3- or 2-pyridinyl or 4- or 3-or 2-pyridinyl having one or two
lower-alkyl substituents, R is hydrogen, lower-alkyl or lower-hydroxyalkyl, and Q is
nitro, carbamyl, halo, amino, lower-alkylamino, di(lower-alkyl)amino, or NHAc

where Ac is lower-alkanoyl or lower-carbalkoxys;

a compound of Formula XV
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a compound of Formula XVI

(XVII)

a compound of Formula XVIII
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(XVIII)
a compound of Formula XIX
! o
;\‘ﬁ"}N < .f»"}\f N A ny N
S i <
N N
(XIX)

(XX)

or a pharmaceutically acceptable salt thereof.

4. The method of claim 3, wherein the compound is selected from the group consisting
of ifosfamide, sulfinpyrazone, lisinopril, equilin, fluspirilen, hexestrol, dienestrol,
napelline, amrinone and iopanoic acid.

5. The method of any of claims 1-4, wherein the infection is a bacterial infection, a viral
infection, a parasitic infection or a fungal infection.
6. The method of any one of claims 1-5, wherein the infection is a respiratory infection.

7. The method of any one of claims 1-5, wherein the infection is a gastrointestinal
infection.

8. The method of any one of claims 1-5, wherein the infection is a skin infection.

9. The method of claim 5 wherein the bacterial infection is selected from the group
consisting of Enterobacterium faecium, Staphylococcus aureus, Klebsiella

prneumonia, Acinebacter baumannii, Pseudomonas aeruginosa and Enterobacter sp.
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10.

11.

12.

13.

The method of claim 5, wherein the bacterial infection is a small colony variant
bacterial infection.

A method of treating or preventing an infection in a subject with or at risk of
developing an infection, the method comprising administering to the subject a
compound selected from the group consisting of: Didanosine, Norcyclobenzaprine,
Niridazole, Ifosfamide, Cefalonium, Tamoxifen citrate, Butoconazole, Suloctidil,
Clomiphene, Sulconazole, Miconazole, Mefloquine, Sulfinpyrazone, Terfenadine,
Lisinopril, Econzaole, Clofazimine, Equilin, Felodipine, Dacarbazine, Furazolidone,
Perhexiline maleate, Oxethazaine, Pimozide, Trifluoperazine, Ellipticine, Fluspirilen,
Hexestrol, Dienestrol, Zidovudine, Metoprolol, Napelline, Methimazole, Amrinone,
Iopanoic acid, R-Propanolol, Rimexolone and Pyrvinium pamoate, wherein the
infection is a bacterial infection.

The method of claim 11, wherein the bacterial infection is selected from the group
consisting of Enterobacterium faecium, Staphylococcus aureus, Klebsiella
prneumonia, Acinebacter baumannii, Pseudomonas aeruginosa and Enterobacter sp.
A method of removing or preventing biofilm formation on a surface, the method
comprising administering to a biofilm containing surface or a surface susceptible to

biofilm formation an effective amount of a compound of Formula I

o
oY
AT K
R S
e M
‘\\.
~ i
—+ - E —+
{CHn- K18

)

wherein R represents hydrogen or hydroxyl and R' represents hydrogen, or R and R’
taken together form a second bond between the carbon atoms bearing R and R'; R
represents hydrogen or phenyl; # is zero or a positive whole integer of from 1 to 4; X
represents CH,, CHOH, NH, C=0, CHNR? R4, where R* and R* independently are
hydrogen or lower alkyl; and Z represents thienyl, pyridinyl, substituted pyridinyl,
phenyl or substituted phenyl wherein the substituents on the substituted pyridinyl or
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14.

15.

16.

substituted phenyl are selected from phenyl, pyridinyl, nitro, a halogen atom, such as

chlorine, fluorine, bromine, or iodine, a straight or branched lower alkyl chain of from

1 to 4 carbon atoms, a lower alkoxy group of from 1 to 4 carbon atoms, amino, a

mono or di(lower)alkylamino group, a saturated monocyclic heterocyclic group such

as pyrrolidino, piperidino, morpholino, or N-(lower)alkylpiperazino, or a group

having the structure —~COOR’, -CR°R'COOR’, -CF3, CHF,, CH,F, or

CH,

where R’ is hydrogen or lower alkyl, and R® and R” independently are hydrogen or
methyl

or a pharmaceutically acceptable salt thereof.

The method of claim 13, wherein the biofilm comprises one or more of
Staphylococcus aureus, Pseudomonas aeuroginosa, Staphylococcus epidermidis,
Escherichia coli or Acinetobacter baummanii.

A method of identifying an antimicrobial agent comprising:

a) contacting a bacterial culture with a test agent;

b) and measuring adenylate kinase release in the supernatant of the bacterial

culture, wherein an increase in adenylate kinase release as compared to a
control indicates that the test compound is an antimicrobial agent.
The method of claim 15, wherein the bacterial culture is selected from the group
consisting of Staphylococcus aureus, Pseudomonas aeuroginosa, Staphylococcus

epidermidis, Escherichia coli or Acinetobacter baummanii.
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