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ANTIVIRAL COMPOUNDS

1 Background of the Invention

1.1 Field of the Invention

[0601] The present invention provides compositions and methods for preventing and
treating viral infections. The present invention thus has applications in the areas of

medicine, pharmacology, virology, and medicinal chemistry.

1.2 The Related Art

[0002] Few good options are available for preventing or treating viral infections. The
vast majority of antiviral drugs interfere with viral replication through the inhibition
of transcription of the viral genome., Commonly these drugs inhibit a specific protein
involved in viral genomic transcription, such as a polymerase or transcriptase; which
often produces unwanted toxicity, since viruses depend largely on host factors for
viral genomic replication. Moreover, given the highly specific nature of the target,
small mutations in the viral genome are often sufficient to create viral strains that
are resistant to chemotherapeutics. In addition, since the drugs inhibit active viral
replication, they cannot eliminate virus that is latent or sequestered in the host; thus,
patients are forced to take aptiviralsand endure their toxic effectsfor long periods if not
indefinitely. Not surprisingly, patients on such regimens cannot continue treatment,
and remain infected as well as providing a potentially continuing source of additional

infections.

{0003} Thus there is a need for better antiviral chemotherapeutics and more effective
strategies for identifying such chemotherapeutics. The need is especially urgent for
those suffering from chronic and debilitating viral infections, such as human immun-
odeficiency virus (HIV) and hepatitis C (HCV), for which no good treatment exists

for the reasons noted above,

[0004] But new viral threats are also on the horizon. The steady encroachment of civi-
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lization into the most remote regions of the globe has introduced the risk of exotic viral
infections to the population at large. Fach passing year brings an increasing number
of reports of infections by hemorragic fevers, such as Ebola virus {EBOV}, Marburg
virus (Marburg), and Rift Valley Fever virus (RVEV). Still other viral infections can
cause potentially debilitating effects, such as recurrent fevers, joint pain, and fatigue;
these include: Punta Toro Virus (PTV}, West Nile virus (WNV), chikungunya virus
(CHK), Easter Equine Encephalitis virus (EEEV), Western Equine Encephalitis virus
(WEEV), Lhasa virus (LASV}, and Dengue virus {DENV).

[0005] By way of example, one of the additional “new” viruses {(that is, new with re-
spect to the industrialized world) is Venezuelan FEquine Encephalitis virus (also called
Venezuelan equine encephalomyelitis, VEEV). VEEV is a mosquito-borne viral dis-
ease of all equine species, including horses, asses (wild and domestic), and zebras.
Equines infected with VEEV may show one or more of the following signs: fever,
depression, loss of appetite weakness, and central nervous system disorders (lack of
coordination, chewing movements, head pressing, “sawhorse” stance, circling, pad-
dling motion of the limbs, and convulsions}). In some cases, horses infected with
VEEV may show no clinical signs before dying. The clinical signs of VEEV can be
confused with those of other diseases that affect the central nervous system. These
include eastern eguine encephalitis, western equine encephalitis, African horse sick-
ness, rabies, tetanus, and bacterial meningitis. VEE might also be mistaken for toxic
poiscaing. Definitive diagnosis can be made by isolating the virus in a laboratory or

by testing blood for the presence of antibodies to the virus.

[0006] Hurnans also can contract this disease. Healthy adults who become infected by
the virus may experience fiu-like symptoms, such as high fevers and aches; and those
having weakened immune systems, as well as the young and elderly, can become more

severely ill or even die.

[0007] The virus that causes VEEV is transmitted primarily by mosquitoes that bite
an infected animal and then bite and feed on another animal or human. The speed

with which the disease spreads depends on the subtype of the VEEV virus and the
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density of mosquito populations. Enzootic subtypes of VEEV are diseases endemic
to certain areas. Generally these serotypes do not spread to other localities. Enzootic
subtypes are associated with the rodent-mosquito transmission cycle. These forms of
the virus can cause human illness but generally do not affect equine health. Epizootic
subtypes, on the other hand, can spread rapidly through large populations. These
forms of the virus are highly pathogenic to equines and can alse affect human health.
Equines, rather than rodents, are the primary animal species that carry and spread the
disease. Infected equines develop an enormous quantity of virus in their circulatory
system. When a blood-feeding insect feeds on such animals, it picks up this virus
and transmits it to other animals or humans. Although other animals, such as cattle,
swine, and dogs, can become infected, they generally do not show signs of the disease

or confribute o its spread.

[0608] Naturally occurring outbreaks of VEEV are rare. In 1936, VEEV was first
recognized as a disease of concern in Venezuela following a major outbreak of equine

encephalomyelitis. From 1936 to 1968, equines in several South American countries

America, finally reaching Mexico and Texas in 1971. The highly pathogenic form of
VEEV has not occurred in the United States since 1971. However, in 1993 an out-
break of VEEV in the State of Chiapas, Mexico, prompted the U.S. Department of
Agriculture to temporarily increase its surveillance activities and tighten its quaran-
tine requirements for equine species entering the United States from Mexico. During
outbreaks, the most effective way to prevent further spread of disease is to quarantine
infected equines. Controlling mosquito populations through pesticide treatments and
eliminating insect-breeding sites will also enhance disease control. These measures
should be accompanied by a large-scale equine immunization program. Equines in
the United States should be vaccinated for VEE only when there is a serious threat

that the disease could spread to this country.

[0009] Simiiar to VEE is West Nile virus (WNV), which was mentioned above, West

Nile virus is named for a district in Uganda where the virus was first identified in
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hamans in 1937. Outbreaks of the virus have occurred in a number of countries
throughout Europe, the Middle Fast, Africa, Central Asia, and Australia, since that
time. WNV was first detected in the Western Hemisphere in 1999, and since then
the disease has spread across North America, Mexico, Puerto Rico, the Dominican
Republic, Jamaica, Guadeloupe, and El Salvador. Symptoms range from a mild,
flu-like illness {fever, headache, muscle and joint pain) and a red, bumpy rash, to
meningitis. In rare cases those infected will develop encephalitis, which can include
high fever, a stiff neck, disorientation, paralysis, convulsions, coma, and death in

about len percent of cases.

10010} No cure or treatment is available for either VEEV or WNV, or the other viruses
listed above; so public heaith experts emphasize prevention by avoiding areas where
the disease has been detected or where disease vectors (usually mosquitoes) have
been identified. However, that approach is becoming less reasonable as the world
population grows. Moreover, some officials fear that one or both of these diseases, or
other similar viruses in the toga- and flaviviridae, could be “weaponized” by a hostile
government or terrorist organization to immobilize military personnel or important

segments of the population in an attack.

[0011] To make matiers still more complicated, the above-mentioned viral threats span
almost all of the recognized viral families, including the bunyaviruses, flaviviruses,
filoviruses, arenaviruses, and togaviruses. Since viral families are defined in signif-
icant part by their differences in mechanism for genomic replication, therapeutic
strategies that are focused on inhibiting genomic replication will be inadequate for

large outbreaks of new, and especially weaponized, viruses.

[0012] PCT Publication WO 2008/124550 discloses small molecule therapeutics hav-
ing “broad spectrum” antiviral properties. Nevertheless, there remains an acute need
to provide medicinal treatments for viral diseases. The present invention meets these

and other needs,



2  Summary

[0012a] In one aspect of the invention, there is provided a compound having the structure:
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and its pharmaceutically acceptable salts, hydrates, and coordination compounds,
wherein:

Réis halo or optionally substituted alkyl, |

R-R®and R"™-R™ are selected independently from the group consisting of: hydrogen,
halo, cyano, nitro, thio, amino, carboxyl, formyl, and optionally substituted alkyl,
alkylcarbonyloxy, arylcarbonyloxy, heteroaryicarbonyloxy, cycloalkylcarbanytoxy,
cycloheteroalkylcarbonyloxy, aralkylcarbonyioxy, heteroaralkylcarbonyloxy,
{cycloalkyhalkylcarbonyloxy, (cycloheteroalkyt)alkylcarbonyloxy, alkylcarbonyl, arylcarbonyl,
hetercarylcarbonvl, cycloalkyicarbonyl, cycloheteroalkyicarbonyl, aralkylcarbonyt,
heteroaralkyicarbonyl, {cycioalkyDalkkylcarbonyl, (cycloheteroalkylalkylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, hetercarylaminocarbonyl,
heteroaralkylaminocarbonyl, alkylcarbonytamino, aryicarbonylamino,
heteroarylcarbonylamino, cycloalkylcarbonylamino, cyclohetercalkylcarbonylamino,
aralkylcarbonylamino, heteroaralkylcarbonylamino, (cycloalkyljalkylcarbonylamino,
{cycloheteroalkyl)alkylcarbonylamino, dialkylamino, arylamino, diarylamino, aralkylamino,
diaralkytamino, heteroarylamino, diheteroarylamino, heteroaralkylaming,
diheteroaralkylamino, alkylsulfonyl, aryisulfonyl, heteroarylsuonyl, cycloalkyisuifonyl,
aralkylcarbonylthiooxy, carbonyithio, heteroaralkyicarbonyithio, {cycloalkyloxy)carbonylthio,
{cycloheteroalkyl)alkylcarbonylthio, alkyloxycarbonyl, aryloxycarbonyi,
heterocaryloxycarbonyt, cycloalkyloxycarbonyi, cyclohetercalkyloxycarbonyi,
aralkyloxycarbonyloxioxycarbonyl, heteroaralkyioxycarbonyl, (cycloalkyljalkyloxycarbonyl,
(cycioheteroalkyl}alkyloxycarbony!,  iminoalkyl, iminocycioalkyt, iminocycioheteroalkyl,
imincaralkyl, iminohetercaralkyl, (cycioalkyl)iminoalkyl, and (cycloheteroalkyl)iminoalkyl,

R is hydrogen or optionally substituted alkyl, alkylcarbonyl, aryicarbonyl,
heteroaryicarbonyl, cycioalkyicarbonyl, cycioheterocalkylcarbonyl, aralkyicarbonyl,
heteroaralkylcarbonyl, - {cycloalkylyalkylcarbonyl, (cyclohetercalkyllalkylcarbonyl,



alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,
heteroaralkylaminocarbony!, alkylsulfonyl, arylsulfonyl, hetercarylsufonyl, cycloalkylsulfonyl,
alkyloxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl,
cycloheteroalkyloxycarbonyl,  aralkyloxycarbonyioxycarbonyl,  hetercaralkyloxycarbonyl,
(cycloalkyllalkyloxycarbonyl, and (cycioheteroalkyljalkyioxycarbonyi,

X' is (CRYR™),, whersin m is either 1 or 2 such that each of R" and R,
independently for sach value of m, is selected independently from the group consisting of:
hydrogen, halo, cyano, nitro, thio, amino, carboxyl, formyl, and optionally substituted alkyl,
alkylcarbonyloxy, arylcarbonyloxy, heteroaryicarbonyloxy, cycloalkylcarbonyloxy,
cycloheteroalkyicarbonyloxy, aralkylcarbonyioxy, heteroaralkylcarbonyloxy,
(cycloalkyhalkylcarbonyloxy, (cycloheteroalkylalkylcarbonyloxy, alkylcarbonyt, arylcarbonyl,
heteroaryicarbonyl, cycloalkyicarbonyl, cyciohetercalkyicarbonyl, aratkylcarbonyl,
heteroaralkylcarbonyl, (cycloalkyllalkylcarbonyl, (cycloheteroatkyllalkylcarbonyl,
alkylaminocarbony!, arylaminocarbonyl, aralkylaminocarbonyi, heteroarylaminocarbonyl,
heteroaralkylaminocarbonyl, alkylcarbonylamingo, arylcarbonylamino,
heteroarylcarbonylamino, cycloalkylcarbonyiaming, cycloheteroalkylcarbonylamina,
aralkylcarbonylamino, hetercaralkylcarbonylamino, {cycloalkylalkylcarbonylamino,
(cycloheteroalkyi)alkylcarbonylamino, dialkylamino, arylamino, diarylamino, aralkylamino,
diaralkylamino, heteroarylamino, dihetercarylamino, heteroaralkylamino,
diheteroaralkylamino, alkylsulfonyl, arylsulfonyl, hetercarylsuifonyl, cycloalkylsulionyi,
aralkylcarbonylthiooxy, carbonylthio, heteroaralkylcarbonylthio, (cycloalkyloxy)carbonyithio,
{cycioheteroalkyl)alkyicarbonylthio, alkyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cycloheteroalkyloxycarbonyl,
aralyoxycarbonyloxioxycarbonyl, heteroaralkyloxycarbonyl,  (cycloalkyljalkyloxycarbonyl,
(cycloheteroalicyl)alkyloxycarbonyl,  iminoalkyl, “iminocycloalkyl,  iminocycloheteroalkyl,
iminoaralkyl, iminoheteroaralkyl, (cycloalkyl)iminoalkyl, and (cycloheteroaikylliminoalkyl

Y is optionally present; and

when Y is present, Y is NR™, O, S, SO, or SO?, or a single or double bond between
X? and X

R is hydrogen or optionally substituted alkyl, alkyicarbonyl, arylcarbonyl,
haterocarylcarbonyl, cycloalkylcarbonyl, cycloheteroalkylcarbonyi, aralkylcarbonvl,
hetercaralkyicarbonyl, (cycioalkylalkylcarbonyl, (cycloheteroalkylalkylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,
heteroaralkylaminocarbonyl, atkylsulfonyl, arylsulfonyl, hetercarytsufonyi, cycloalkylsulionyl,
alkyloxycarbonyl, aryloxycarbonyt, heteroaryioxycarbonyl, cycloatkyloxycarbonyl,
cycloheteroalkyloxycarbonyl,  aralkytoxycarbonyloxycarbonyl,  heteroaralkyloxycarbonyl,
(cycloalkytyalkyloxycarbonyl, and (cycloheteroalkyljalkyloxycarbonyl; and

Sa



X2 and X% are (CR™®R'), and (CR"R™), respectively, wherein each of n and o is
independently either 1, 2, or 3 such that the sum n + o is either 3, 4, or §, and independently
for each vaiue of the n and o methyiene units of X?and X%, each of R®, R™, R" and R is
selected independently from the group consisting of: hydrogen, halo, cyano, nitro, thio,
amino, carboxy, formyl, and optionally substituted alkyl, alkylcarbonyloxy, arylcarbonyloxy,

heteroarylcarbonyioxy, cycloalkylcarbonyloxy, cycloheteroalkylcarbonyloxy,
araikyicarbonyioxy, heteroaralkylcarbonyloxy, (cycloalkyl)alkylcarbornyloxy,
{cycloheteroalkyl)alkylcarbonyloxy,  alkylcarbonyi, arylcarbonyl,  hetercarylcarbonyl,
cycioaikylcarbonyl,  cycioheteroalkylcarbonyl,  aralkylcarbonyl,  heteroaralkyicarbonyl,
{cycloalkylalkylcarbonyt, (cyclohetercalkyljaikylcarbonyl, alkytaminocarbonyl,
arylaminocarbonyl, aralkylaminocarbonyl, hetercarylaminocarbonyl,
heteroaralkylaminocarbonyl, alkylcarbonyiamino, arylcarbonylamino,
hetercarylcarbonylamino, cycloalkylcarbonylamino, cycloheteroalkylcarbonylamino,
aralkylcarbonylamino, heteroaralkylcarbonylamino, (cycloalkyhalkylcarbonylamino,

(cycloheteroalkyl)alkylcarbonylamino, dialkylamino, arylamino, diarylamino, aralkylamino,
diaratkylamino, hetercarylamino, diheteroarylamino, hetercaralkylamino,
diheteroaralkylamino, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, cycloalky!sulfonyi,
aralkylcarbonylthicoxy, carbonylthio, heteroaralkylcarbonylthio, {cycloalkyloxy)carbonylthio,
(cycloheteroalkyl)alkylcarbonylthio, alkyloxycarbony, aryloxycarbonyl,
heteroaryloxycarbonyt, cycloalkyloxycarbonvyl, cycloheteroalkyloxycarbonyl,
aralyoxycarbonyloxloxycarbonyl,  heteroaralkyloxycarbonyl,  {cycloalkyhalkyloxycarbonyl,
(cycloheteroalkyljalkyloxycarbonyl, iminoalky!, iminocycloalkyl, imincoycioheteroalkyl,
iminoaralkyl, iminchetercaralkyl, (cycloalkylliminoalkyl, and (cycloheteroalkyl)iminoaikyl, and
when Y is not present X?is R® and X*is R"°, wherein

R'S and R'® are selected independently from the group consisting of: hydrogen and

optionally  substituted alkyl, alkylcarbonvi, arylcarbonyl, heteroaryicarbonyl,
cycloalkylcarbonyl,  cycloheteroalkyicarbonyl,  aralkylcarbonyl,  heteroaralkylcarbonyl,
(cycloalkyl)alkylcarbonyt, (cyclohetercalkyl)alkylcarbonyl, atkylaminocarbonyl,
arylaminocarbonyl, aralkylaminocarbonyl, heteroaryiaminocarbonyl,

heteroaralkylaminocarbonyl, alkylsulfonyl, aryisulfonyl, heterocarylsufonyl, cycloalkylsulfonyl,
alkyloxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cycioheter-
alkyloxycarbonyl, aralkyloxycarbonyloxycarbonyl, hetercaralkyloxycarbonyl,
(cycloalkyhalkyloxycarbonyl, and (cycloheteroalkyhalkyloxycarbonyi

wherein when said optionally substituted alkyl is substituted, said substitution is with
a group which is hydrooxyl, nitro, amino, imino, cyano, halo, thio, thioamido, amidino, oxo,
oxamidino, methoxamidino, imidino, guanidino, sulfonamido, carboxyl, formyl, iower alkyl,
haloloweralkyl, loweralkoxy, haloloweralkoxy, lower alkoxyalkyl, alkylcarbonyl, arylcarbonyl,

5b



aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, alkylthio, aminoalkyl, or

cyancalkyl.

[0013] The present disclosure provides a variety of compounds, methods, and compos-

tions for treating viral infections, especially those described above. Various embodi-

ments of the invention include, but are pot limited to, the following:

[0014} Disclosed herein are compounds having useful anti-viral activity. In one embodiment, the present

disclosure provides compounds having

the structure:
Rre rt
R N R?
R’?a R?b

Rga
X2—N S N&Rgb
i ) 38371\
j R? R3 N
Y rio

_..X3 RSb le Y

and their pharmaceutically acceptable salts, hydrates, and coordination compounds.
R'-R™ are selected independently from the group counsisting ofi hydrogen, halo,
cyano, nitro, thic, amino, carboxyl, formyl, and optionally substituted alkyl, alkylcar-
bonyloxy, arylearbonyloxy, heteroarylcarbonyloxy, cycloalkylearbonyloxy, cyclohe-
teroalkylcarbonyloxy, aralkycarbonyloxy, heteroaralkylcarbonyloxy, (cycloalkyl)alk-
ylearbonyloxy, (cycloheteroalkyljalkylcarbonyloxy, alkylcarbonyl, arvicarbonyl, he-
teroarylearbonyl, cycloa].kycarbovﬁyl; cyclohetercalkycarbonyl, aralkycarbonyl, he-
teroaralkylcarbonyl, (cycloalkyllalkylcarbonyl, (cycloheteroalkyllalkylcarbonyl, al-
kylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocar-
bonyl, hetercaralkylaminocarbonyl, alkylearbonylamino, arylearbonylamino, heter-
carylearbonylamino, cycloalkylearbonylaminoe, cyclohetercalkyicarbonylamine, ar-
alkylearbonylamine, heteroaralkylearbonylamine, (cycloalkyl)alkyvicarbonylamine,
{cyclohetercalkyllalkylcarbonylamino, dialkylamino, arylamine, diarylamino, ar-
alkylamino, diaralkylamino, heteroarylamino, dihetercarylamino, hetercaralkylam-
ino, dihetercaralkylamine, alkylsulfonyl, arylsulonyl, hetercaryvlsuonyl, cycloalkyl-
sulfonyl, aralkycarbonylthiooxy, carbonylthio, hetercaralkylcarbonylthio, (cycloalk-

yiomy)carbonyithlo, (cyclohetercalkylalkyicarbonyithio, alkyvloxycarbonyl, aryloxy-

5¢
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carbonyl, heteroaryloxycarbonyl, cycloalkyloxyecarbonyl, cycloheteroalkyloxycarbon-
yl, aralkyloxycarbonyloxloxycarbonyl, hetercaralkyloxycarbonyl, (cycloatkyl)alkyloxy-
carbonyl, (cycloheteroalkyl)alkyloxycarbonyl, iminoalkyl, iminocycloalkyl, imine-
cyclohetercalkyl, imincaralkyl, iminohetercaralkyl, (cycloalkyl)iminoalkyl, and {cy-
cloheteroalkyljiminoalkyl. R is hydrogen or optionally substituted alkyl, alkyl-
carbonyl, arylcarbonyl, heteroarylearbonyl, cycloalkycarbonyl, cycloheteroalkycar-
bonyl, aralkycarbonyl, heteroaralkylcarbonyl, (cycloalkyl)alkylearbonyl, (cyclohe-
teroalkyl)alkylcarbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocar-
bonyl, heteroarylaminocarbonyl, heteroaralkylaminocarbony!, alkylsulfonyl, aryl-
sulfonyl, heteroarylsufonyl, cycloalkylsulfonyl, alkyloxycarbonyl, aryloxyearbonyl,
heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cyclohetercalkyloxycarbonyl, aralk-
yloxycarbonyloxycarbonyl, heteroaralkyloxycarbonyl, {cycloalkylalkyioxvearbon-
yl, and (cycloheteroalkyDalkyloxyearbonyl. X'is (CRHRH’)W wherein m is either 1
or 2 such that each of R* and R,HI) independently for each value of m, 1s selected inde-
pendently from the group consisting of: hydrogen, halo, cyano, nitro, thio, amino, car-
boxyl, formyl, and optionally substituted alkyl, alkylcarbonyloxy, arylcarbonyloxy,
heteroarylcarbonyloxy, cycloalkylearbonyloxy, cyclohetercalkylearbonyloxy, aralk-
yecarbonyloxy, heteroaralkylcarbonyloxy, {cycloalkyljalkylcarbonyloxy, (cycloheter-
oalkyllalkylearbonyloxy, alkylearbonyi, arylcarbonyl, heteroarylcarbonyl, cycloaltk-
ycarbonyl, cycloheteroalkycarbonyl, aralkycarbonyl, heteroaralkylcarbonyl, (cyclo-
alkyl)alkylcarbonyl, (cycloheteroalkyl)alkylearbonyl, alkylaminocarbonyl, arylam-
inocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl, heteroaralkylamino-
carbonyl, alkylearbonylamino, aryicarbonylamine, hetercarylearbonylamino, cyclo-
alkylearbonylamino, cycloheteroalkylcarbonylaminoe, aralkylearbonylamino, hetero-
ar alkylearbonylamino, (cycloalkyl)alkylcarbonylamino, {cycloheteroalkyl)alkylcar-
bonylamino, dialkylamine, arylamino, diarylamino, aralkylamino, diaralkylamino,
heteroarylamino, dihetercarylamino, heteroaralkylamino, diheteroaralkylamino, alk-
visulfonyl, aryisulonyl, heteroarylsuonyl, cycloalkylsulfonyl, aralkycarbonylthicooxy,
carbonylythio, heteroaralkylearbonylthio, (cycloalkyloxyjcarbonylthio, {(cycloheter-

oalkyl)alkylcarbonylthio, alkyloxycarbonyl, aryloxycarbonyl, hetercaryloxycarbon-
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v, cycloalkyloxycarbonyl, cyclohetercalkyloxycarbonyl, aralyoxycarbonyloxloxyear-
bonyl, heteroaralkyloxycarbonyl, {cycloalkylyalkyloxycarbonyl, (cycloheteroalkyl)alk-
yvioxycarbonyl, iminoalkyl, iminecycloalkyl, iminocycloheteroalkyl, iminoaralkyl, im-

inoheteroaralkyl, (cycloalkyl)iminoalkyl, and {(cycloheteroalkyl)iminoalkyl.

[0015] Y is optionally present; and when Y is present, Y is NR™, 0, 8, S0, or SO°,
or & single or double bond between X* and X°; R' is hydrogen or optionally sub-
stituted alkyl, alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, cycloalkycarbonyl,
cycloheteroalkycarbonyl, aralkycarbonyl, hetercaralkylicarbonyl, {cycloalkyl)alkyl-
carbonyl, (cycloheteroalkyljalkylcarbonyl, alkylaminocarbonyl, arylaminocarbon-
vl aralkylaminocarbonyl, heteroarylaminocarbonyl, heteroaralkylaminocarbonyl,
alkylsulfonyl, arylsulfonyl, hetercarylsufony!, cycloalkylsulfonyl, alkyloxycarbonyl,
aryloxycarbonyl, heteroarvloxycarbonyl, cycloalkyloxycarbonyl, cycloheteroalkyl-
oxycarbonyl, aralkyloxycarbonyloxycarbonyl, heteroaralkyloxycarbonyl, (eyeloalk-
vhalkyloxycarbonyl, and (cyclohetercalkyl)alkyloxyearbonyl; and X* and X° are
(CRIBRH)R and (CRMRM’)O respectively, wherein each of n and o independently
either 1, 2, or 3 such that the sum n + ¢ is either 3, 4, or &, and for each of
the n and o methtylene units of X* and X°, each of R™-R™ is selected inde-
pendently from the group consisting of: hydrogen, halo, cyano, nitro, thio, amino,
carboxy, formyl, and optionally substituted alkyl, alkylcarbonyloxy, arvicarbonyl-
oxy, heteroarylcarbonyloxy, cycloalkylecarbonyloxy, cyclohetercalkyicarbonyloxy, ar-
alkycarbonyloxy, heteroaralkylcarbonyloxy, (cycloalkylalkylearbonyloxy, (cyclohe-
teroalkylalkyicarbonyloxy, alikylearbonyl, arvicarbonyl, hetercarylcarbonyl, cyclo-
alkycarbonyl, cycloheteroalkycarbonyl, aralkycarbonyl, heteroaralkylcarbonyl, (cy-
cloalkyhalkylcarbonyl, (cycloheteroalkyilalkylcarbonyl, alkylaminocarbonyl, aryl-
aminocarbonyi, aralkylaminocarbonyl, hetercarylaminocarbonyl, heteroaralkylami-
nocarbonyl, alkylcarbonylamino, arylearbonylamine, heteroarylearbonyiamino, cy-
cloalkvlcarbonylamine, eyclchetercalkylearbonylamino, aralkylearbonylamino, he-
teroar alkylcarbonylamino, (cycloalky!)alkylearbonylamine, (cyclohetercalkyl)alk-
ylcarbonylamino, dialkyviaminoe, arylamino, diarylamino, aralkylamino, diaralkylam-

ino, heteroarylamino, dihetercarylaminoe, heteroaralkylamino, diheteroaralkylam-
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ino, alkylsulfonyl, arylsulonyl, hetercarylsuony, cycloalkylsulfonyl, aralkycarbonyl-
thiooexy, carbonylythio, heteroaralkylcarbonylthio, (cycloalkyloxy)ecarbonyithio, (cy-
cloheteroalkyljalkylearbonylthio, alkyloxycarbonyt, aryloxycarbonyl, heteroaryloxy-
carbonyl, cycloalkyloxycarbonyl, cyclohetercalkyloxyearbonyl, aralyoxycarbonyloxloxy-
carbonyl, heteroaralkyloxycarbonyl, (cycloalkyl)alkyloxycarbonyl, (cycloheteroalk-
yhalkyloxycarbonyl, imincalkyl, iminocycloalkyl, iminocyclohetercalkyl, iminoar-
alkyl, iminoheteroaralkyl, (cycloalkyl}iminoalkyl, and (cycloheteroalky!)iminoalkyl.
When Y is not present X% is RY and X% is Rm, where R'® and R™ are selected inde-
pendently from the group consisting of: hydrogen and optionally substituted alkyl,
alkyicarbonyl, arylcarbonyl, heteroarylearbonyl, eycloalkycarboenyl, cycloheteroalk-
yearbonyl, aralkycarbonyl, hetercaralkylcarbonyl, (cycloalkyl)alkylcarbonyl, {eveio-
heteroalicyljalkylcarbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylamino-
carbonyl, heteroarylaminocarbonyl, hetercaralkylaminocarbonyl, alkylsuifonyl, ar-

yisulfonyl, heteroarylsufonyl, cycloalkylsulfonyl, alkyloxyearbonyl, aryloxycarbonyl,

vioxycarbonyloxycarbonyl, heteroaralkyloxycarbonyl, (eycloalkyl)alkyloxycarbon-

yi, and {eycloheteroalkyllalkyloxycarbonyl.

[0016] In & more specific embodiment, the present invention provides a compound from

the family of compounds just described wherein m is 1, such that X' is (CRHRW)

H

defining X' thereby defining X' as (CR“‘“R]'“’), said compound having the structure:

RE R!
RS N R?
RTa R
Ree
X2—N S ?\*&3%
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0017] R™ and R'™ are selected independently from the group consisitng of: hy-
drogen, halo, cyano, nitro, thio, amino, carboxy, formyl, and ootionally substituted
alkyl, alkylearbonyloxy, arylearbonyloxy, heteroarylearbonyloxy, cycloalkylearbon-

yloxy, cycleheteroalkylearbonyloxy, aralkycarbonyloxy, heteroaralkylcarbonyloxy,
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(cycloalkyl)alkylcarbonyloxy, {cyclohetercalkyijalkylcarbonyloxy, allcylcarbonyl, ar-

ylcarbonyl, hetercarylearbonyl, cycloalkycarbonyl, cycloheteroalkycarbonyl, aralk-

yearbonyl, heteroaralkylcarbonyl, (cycloalkyllalkylearbonyl, (cycloheteroalkyl)alk-

ylearbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbony!, heter-

oarylaminocarbonyl, hetercaralkylaminocarbonyl, alkylcarbonylamino, arylcarbon-

yvlamino, hetervarylearbonylamino, cycloalkylearbonylamino, cycloheteroalkylecar-

bonylamino, aralkylcarbonylamine, heteroar alkylearbonylamino, (cycloalkyl)alk-

ylearbonylamine, (cycloheteroalkyl)alkylearbonylamino, dialkylamino, aryiamino,

diarylamino, aralkylamine, diaralkylamino, hetercarylamino, dihetercarylamino, he-

teroaralkylamino, dihetercaralkylamino, alkylsulfonyl, arylsulonyl, heteroarylsuony,

cycloalkylsulfonyl, aralkycarbonylthioooxy, carbonylythio, heteroaralkylcarbonylthio

¥

(cycloalkyloxy)carbonylthio, (cycloheteroalkyl)alkylearbonylthio, alkyloxycarbonyl,

aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, eyclohetercalkyl-

oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, hetercaralkyloxycarbonyl, (cycloalk-

yhalkyloxycarbonyl, (cycloheteroalkyllalkyloxycarbonyl, imincalkyl, iminocycloalk-

vl i.minoc:yc:lohéteroalkyL iminoaralkyl, iminoheteroaralkyl, (cycloalkyl)iminoalkyl,

and {cyclohetercalkyl)iminoalkyl.

[0018] In other embodiments Y is not present; such compounds have the structure:

RS Rt
RS N R2
R?a R?b
R >Kﬁ39a
N S N R
| Rﬁa .
Rie R4 R3 N.
Rk R
Rlis Rl 1k

10019 In still other embodiments Y is present; such compound have the structure:
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RE» Rl.
RS N R2
R R7b
Rga
X2 N S “\T>HL RO
| ms Re B N
Y —X?* Bb \R 1o
Rlla Rlib

[0020! Yet other embodiments include those compounds in which each of n and o
is 2, such that X' and X* have the form (CRISRISI)Q and (CRMRM’)Q respectively,
defining thereby X' as (CR™R™)(CR™R"™) and X* as (CR'™RM)(CRM™R™Y),

such compounds having the structure:

RZ
R}.Jb RIS j24 ra s
B . >(\’LRQb
thld R14b
RM Rl ia R.l ib

. 13a 51dd
wherein R™-R

are selected independently from the group consisitng of: hydro-
gen, halo, cyano, nitre, thio, amino, carboxy, formyl, and optionally substituted
atkyl, alkylcarbonyloxy, arylearbonyloxy, heteroarylearbonyloxy, cyclealkylcarbon-
vloxy, cycloheteroalkylearbonyloxy, aralkycarbonyloxy, heteroaralkylcarbonyloxy,
(cycloalkylalkylecarbonyloxy, (cycloheteroalkyl)alkylearbonyloxy, alkylcarbonyl, ar-
vlicarbonyl, hetercarylearbonyl, cycloalkycarbonyl, cyclohetercalkycarbonyl, aralk-
yearbonyl, heteroaralkylcarbonyl, {cycloalkyi)alicylecarbonyl, (cycloheteroalkyl)alk-
vlcarbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heter-
oarytaminocarbonyl, hetercaralkylaminocarbonyl, alkylcarbonylaminoe, arylearbon-
viamino, heteroarylcarbonylamino, cycloalkylearbonylamino, cycioheteroalkylcar-
bonylamino, aralkylcarbonylamino, hetercar alkylearbonylamino, (eycloalkyl)alk-
ylcarbonylamino, {cycloheteroalkyllalkylecarbonylamine, dialkylamino, arylamino,
diarylamino, aralkylamino, diaralkylaminc, hetercarylamino, dihetercarylamine, he-

teroaralkylamino, diheteroaralkylamino, alkylsulfonyl, arvisulonyl, heteroarylsuony,

10
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cycloalkylsulionyl, aralkyearbonylthicooxy, carbonylythio, heteroaralkylecarbonylthio,
{cycloalkyloxyjcarbonylthio, {cycloheteroalkyDatkyicarbonylthio, alkyloxyearbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cyclohetercalkyl-
oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, {cycloalk-
yvhalkyloxycarbonyl, (cyclohetercalkyl)alicyloxycarbonyl, iminoalkyl, iminocycloalk-
yl, iminocycloheteroalkyl, iminoaralkyl, iminoheteroaralkyl, (cycloalkylliminoalkyl,

and {cycloheteroalkyl)iminoalkyl.

[0021] In ssill other embodiments, m is 2, such that X' is (CRHRH’)Q5 defining X"

thereby defining X' as (CR'"R"™)}(CR"R"); such compounds having the struc-

ture:
RE R/
R? N Re
R?a R,?b Rga

33— h
:X;. A 5 R N)&{R%

| R4 R.’i N
Y- - X - LR

Flls R’iic

R,]'Ih Rlld

wherein R'™*-R™ are selected independently from the group consisitng of: hydro-
gen, halo, cyano, nitro, thic, amine, carboxy, formyl, and optionally substituted
atkyl, alkylearbonyloxy, arylearbonyloxy, heteroarylearbonyloxy, cycloalkylearbon-
yloxy, cycloheteroalkylearbonyloxy, aralkycarbonylexy, heteroaralkylearbonyloxy,
{cycloalkyljalkylcarbonyloxy, (cycloheteroalkyl)alkylcarbonyloxy, alkylcarbonyl, ar-
ylearbonyl, heteroarylearbonyl, cycloalkyearbonyl, cycloheteroalkyearbonyl, aralk-
yearbonyl, hetercarallkylcarbonyl, {cycloalkyljalkylearbonyl, {cycloheteroalkyl)alk-
ylearbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heter-
oarylaminocarbonyl, hetercaralkylaminocarbonyl, alkylearbonylaminoe, arylearbon-
ylamino, heteroarylcarbonylamino, cycloalkylcarbonylamino, cycloheteroalkylear-
bonylamino, aralkylcarbonylamino, hetercar alkylcarbonylamino, {cycloalkyl)alk-
vlcarbonylamino, (cycloheteroalkyljalkylecarbonylamine, dialkylamine, arylamino,

diarylamino, aralkylamino, diaralkylamino, heteroarylamino, dihetercarylamino, he-

11
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teroaralkylamino, diheteroaralkylamino, alkylsulfonyl, arylsulonyl, hetercarylsuony,
cycloalkylsulfonyl, aralicycarbonyithicooxy, carbonylythio, hetercaralkylearbonylthio,
(cycloalkyloxy)carbonylthio, (cycloheteroalkyl)alkylcarbonylithio, alkyloxycarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cyclohetercalkyl-
oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, (eycloalk-
yhallyloxycarbonyl, (cyclohetercalkylialkyloxycarbonyl, iminoalkyl, iminocyecloalk-
yl, iminceycloheteroalkyl, iminoaralkyl, imincheteroaralkyl, (cycloalkyliminoalkyl,

and (cycloheteroalkyl)iminocalkyl.

[0022] Other embodiments include those, wherein Y above is not present, these com-

pounds having the structure:

RS Rt
RS N R?
R.Ta' Th
s R R
I? 5 RBa N Rgb
R R RS N
R® \Rw
Rllc
Rlla

Rl Rid

wherein RM™*-R" are selected independently from the group consisitng of: hydro-
gen, halo, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted
alkyl, alkylcarbonyloxy, arylearbonyloxy, heteroarylearbonyloxy, cycloalkylcarbon-
yloxy, cycloheteroalkylearbonyloxy, aralkycarbonylexy, heteroaralkylcarbonyloxy,
{eycloalicyl}alkylcarbonyloxy, (cyclohetercalkyljalkylcarbonyioxy, alkylcarbonyl, ar-
ylearbonyl, heteroarylearbonyl, cycloalkycarbonyl, cycloheteroalkycarbonyl, aralk-
yearbonyl, heteroaralkylearbonyl, (cycloalkyljalkylearbonyl, (eycloheteroalkyl)alk-
ylearbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbony!, heter-
oarylaminocarbonyl, hetercaralkylaminocarbonyl, alkylearbonylamino, arylearbon-
ylamino, heteroarylcarbonylamino, cycloalkylearbonylamino, cycloheteroalkylcar-
bonylamino, aralkylcarbonylamino, heteroar alkylearbonylamino, (cycloalkyl)alk-
vlcarbonylamino, {cyclohetercalkyl)alkylearbonylamino, dialkylamine, arylamino,

diarylamino, aralkylamino, diaralkylamino, heteroarylamino, diheteroarylamino, he-
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teroaralkylamino, dihetercaralkylamino, alkylsulfonyl, arylsulonyl, heteroarylsuony,
cycloalkylsulfonyl, aralkycarbonylthicooxy, carbonylythio, heteroaralkylearbonylthio,
(cycloalkyloxy)earbonylthio, (cycloheteroalkyl)alkylcarhonylthio, alkyloxyearbonyl,
aryloxycarbonyl, hetercaryloxycarbonyl, cycloalkyloxycarbonyl, cycloheteroalkyi-
oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, {cycloalk-
yhalkyloxycarbonyl, (cycloheteroalkyl)alkyloxycarbonyl, iminoalkyl, iminocycloalk-
yl, iminocyclohetercalkyl, iminoaralkyl, iminoheteroaralkyl, (cycloalkyliminoalkyl,

and (cycloheteroalkyliminoalkyl.

[0023] Other embodiments of the compounds just described include those, wherein Y

is present; these compounds having the structure:

Re R
R N R?
R?& R'? Ros
P )T e
1 e e

Rl
Ri  Rid

He_RMY are selected independently from the group consisitng of: hydro-

wherein R
gen, halo, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted
alkyl, alkylearbonyloxy, arylcarbonyloxy, heteroarylcarbonyloxy, cycloalkylearbon-
yioxy, cycloheteroalkylearbonyloxy, aralkycarbonyloxy, heteroaralkylcarbonyloxy,
(eycloalkyljalkylcarbonyloxy, {cycloheteroaliylalkylcarbonyloxy, alkylearbonyl, ar-
ylcarbonyl, heteroarylcarbonyl, cycloalkyearbonyl, cycloheteroalkycarbonyl, aralk-
yearbonyl, hetercaralkylcarbonyl, (cycloalkyl)alkylearbonyl, (cycloheteroalkyl)alk-
yicarbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heter-
carylaminocarbonyl, heteroaralkylaminocarbonyl, alkylcarbonylamino, arylcarbon-
ylamine, heteroarylcarbonylamine, cycloalkyicarbonylamino, cycloheteroalkylear-
bonylamino, aralkylcarbonylamino, hetercar alkylecarbonylamino, {cycloalioyl)alk-
ylearbonylamino, (cycloheteroalkyl)alkylcarbonylamine, dialkylamino, arylamine,

diarylamino, aralkylamino, diaralkylamine, heteroarylamine, diheteroarylamino, he-

13



teroaralkylaminoe, diheteroaralkylamine, alkylsulfonyl, arylsulonyl, heteroarylsuony,
cycloalkyisulfonyl, aralkycarbonyithicooxy, carbonylythio, hetercaralkylcarbonylthio,
{eyeloalkyioxy)earbonylthio, (cyclohetercalkyljalkylcarbonylthio, alkviaxyearbonyl,
aryioxycarbonyl, hetercaryloxycarbonyl, cycoalkyloxycarbonyl, cyclohetercalkyl-
axycarbonyl, aralyoxyearbonyloxloxycarbonyl, heteroaralkvioxycarbonyl, {cycloalk-
yhalkyloxycarbonyl, {cycloheteroalicylalkylorycarbonyl, imincalkyl, iminocycloalk-
vl, iminocycioheteroalkyl, imincaralkyl, imincheteroaralkyl, (cycloalkyl)iminoalkyl,

and (cyclohetercalkyl)iminoalkyl.

[0024]  In another embodiment, the present disclosure provides methods for treating a viral
disease in a mainmal affiicted with such disease, comprising administering to such

" mammal a therapeutically effective amount of the compound as disclosed herein. In more
specific embodiments, the viral disease is an eticlogical component of a respivatory
syndrome selected from the group consisting of: bronchiolitis, the common cold, croup,
influenze, and pneumonis.

1 . 1 . £ 4Ty T i morrs vy sve
3 Brief Description of the Drawings

10025} The Figure is a table showing the anti-viral activies of some compounds of the

invention as determined by the methods described herein.

4 Detailed Description of Some Embodiments of
the Invention

4.1 Definitions

{0026] The following terms are used herein as defined below unless specifically stated

otherwise:

Optionally substituted refers to the replacement of hydrogen with a univalent
or divalent radical. Suitable substitution groups include, for example, hydsz-
oxyl, nitro, amino, imino, cyano, halo, thic, thicamido, amidine, oxo, ox-

amidino, methoxamidino, imidino, guanidino, sulfonamido, carboxyl, form-

14
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vl, loweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, loweralkoxyalkyl,
alkylearbonyl, arylecarbonyl, aralkylearbonyl, hetercarylecarbonyl, heterocaralk-
vilcarbonyl, alkyithio, amincalkyl, cyanoalkyl, and the like as defined herein.
The substitution group can itself be substituted. The group substituted onto
the substitution group can be, for example, carboxyl, halo; nitro, amine, cyanc,
hydroxyl, loweralkyl, loweralkoxy, aminocarbonyl, —SR, thioamido, ~SO,H,
—S0,R or cycloalkyl, where R is typically hydrogen, hydroxyl or loweralkyl.
When the substituted substituent includes a straight chain group, the substi-
tution can oceur either within the chain (e.g., 2-hydroxypropyl, 2-aminobutyl,
and the like) or at the chain terminus (e.g., 2-hydroxyethyl, 3-cyanopropyl, and
the like). Substituted substitutents can be straight chain, branched or eyclic

arrangements of covalently bonded carbon or heteroatoms.

Loweralkyl as used herein refers to branched or straight chain alkyl groups com-
prising one to ten carbon atoms that independently are unsubstituted or sub-
stituted, e.g., with one or more halogen, hydroxyl or other groups. Examples

r
1

of loweralkyl groups include, but aze not limited to, methyl, ethyl, propyl, iso-

propyl, n-butyl, {-butyl, n-hexyl, neopentyl, trifiucromethyl, pentaflucroethyl

T

and the like.

Alkylenyl refers to a divalent straight chain or branched chain saturated aliphatic
radical having from I- to 20 carbon atoms. Typical alkylenyl groups employed
in compounds of the present invention are loweralkyleny! groups that have from

1 to ahout 6 carbon atoms in their backbone.

Alkenyl refers herein to straight chain, branched, or cyclic radicals having one or

more double honds and from 2 to 20 carhon atoms.

Alkynyl refers herein to straight chain, branched, or cyclic radicals having one or

more triple bonds and from 2 te 20 carbon atoms.

Flaloloweralkyl refers to a loweralkyl radical substituted with one or more halogen

atoms.

Pt
th
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Loweralkoxy as used herein refers to RO~ wherein R is loweralkyl. Representa-
tive examples of loweralkoxy groups include methoxy, ethoxy, t-butoxy, trifluo-

romethoxy and the like.
Loweralkythio as used herein refers to RS~ wherein R is loweralkyl.

Alkoxyalkyl refers to the group —alk,;—O-alk,, where alk; is alkyleny! or alkenyl,

and alky 1s alkyl or alkenyl.

Loweralkoxyalkyl refers to an alkoxyalkyl as defined above, where alk; is Jower-

alkylenyl or loweralkenyl, and alky is loweralky! or loweralkenyl.
Aryloxyalkyl refers to the group alkylenyl—O—aryl. The term

Aralkoxyalkyl refers to the group alkylenyl—O-aralkyl, where aralkyl is a lower-

arallyl.

Cycloalkyl refers to a mono- or polyeyclic, loweralkyl substituent. Typical cy-
cloalkyl substituents have from 3 to 8 backbone (i.e., ring) atoms in which
each backbone atom is optionally substituted carbon. When used in context
with cycloatkyl substituents, the term polycyclic refers herein to fused, non-
fused cyclic carbon structures and spirocycles. Examples of cycloalkyl groups
include, but are not limited to, cyclopropyl, cyclobutyl, cvclopentyl, cyclohexyl,

adamantyl, bornyl, norbornyl, and the like.

Cyclohetercalkyl refers herein to cycloalkyl substituents that have from 1 to 5,
and more typically from 1 to 4 heteroatoms (i.e., non-carbon atoms such as
nitrogen, sulfur, and oxygen) in the ring structure, with the balance of atoms in
the ring being optionally substituted carbon. Representative heterocycloalkyl
moieties include, for example, morpholino, piperazinyl, piperidinyl, pyrrolidinyl,

methylpryolidinyl, pyrrolidinone-yl, and the like.

{Cycloalkyl)alkyl and (Cycloheteroalkyljalkyl refer to alkyl chains substituted

with cycloalkyl and cycloheteroalkyl groups respectively.
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Haloalkoxy refers to an alkoxy radical substituted with one or more halogen atoms.
The term haloloweralkozy refers to a loweralkoxy radical substituted with one

or more halogen atoms.
Halo refers herein to a halogen radical, such as fluorine, chlorine, bromine, or iodine.

Aryl refers to monocyelic and polyeyclic aromatic groups, or fused ring systems
having at least one aromatic ring, having from 3 to 14 backbone carbon atoms.
Examples of aryl groups include without limitation phenyl, naphthyl, dihydron-

aphtyl, tetrahydronaphthyl, and the like.

Aralkyl refers to an alkyl group substituted with an aryl group. Typically, aralkyl
groups employed in compounds of the present invention have from 1 to 6 carbon
atoms incorporated within the alkyl portion of the aralkyl group. Suitable
aralkyl groups emploved in compounds of the present invention include, for

example, benzyl, picolyl, and the like.

Heteroaryl refers herein to aryl groups having from one to four heteroatoms as
ring atoms in an aromatic ring with the remainder of the ring atoms being
aromatic or non-aromatic carbon atoms. When used in connection with aryl
substituents, the term polycyclic refers herein to fused and non-fused cyclic
structures in which at least one cyclic structure is aromatic, such as, for ex-
ample, benzodioxozolo, naphthyl, and the like. Exemplary heteroaryl moieties
employed as substituents in compounds of the present invention include pyridyi,
pyrimidinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, tri-
azolyl, thiophenyl, furanyl, quinolinyl, purinyl, benzothiazolyl, benzopyridyl,

and benzimidazolyl, and the like,

Amino refers herein to the group —NH,. The term loweralkylamino refers herein to
the group —NRR' where R and R’ are each independently selected from hydro-
gen or loweralkyl. The term grylamino refers herein to the group —NRR/ where
Ris aryl and R’ is hydrogen, loweralkyl, aryl, or aratkyl. The term aralkylamino

refers herein to the group —NRR' where R is aralkyl and R/ is hydrogen, lower-
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alkyl, aryl, or aralkyl. The terms heteroarylamino and hetercaralkylamino are

defined by analogy to arylamino and aralkylamine.

Aminocarbonyl refers herein to the group —C(O)~NH,. The terms loweralky-
laminocarbonyl, arylamanocarbonyl, aralkylaminocarbonyl, heteroarylaminocar-
bonyl, and heteroaralkylaminocarbonyl refer to —C{O}NRR' where R and R’ in-
dependently are hydrogen and optionally substituted loweralkyl, aryl, aralkyl,
heteroaryl, and hetercaralkyl respectively by analogy to the corresponding terms

above,

Thio refers to —SH. The terms loweralkylihio, arylthio, heteroarylthio, cycloalkylihio,
eycloheteroalkylthio, aralkylthio, heteroaralkylthio, (cycloalkyljalkylthio, and (cy-
cloheteroalkyljalkylthio refer to —SR, where R is optionally substituted lower-
alkyl, aryl, heteroaryl, cycloalkyl, cycloheteroalkyl, aralkyl, heteroaralkyl, (cy-

cloalkyl)alkyl, and (cycloheteroalkyl)alky! respectively.

Sulfonyl refers herein to the group —S0Oy—. The terms loweralkylsulfonyl, arylsul-
foruyl, heteroarylsulfonyl, cycloalkylsulfonyl, cycloheteroalkylsulfonyl, aralkyl-
sulfonyl, heteroaralkylsulfonyl, (cycloalkyljalkylsulfonyl, and {ecycloheteroalkyl-
Jalkylsulfonyl refer to -SO,R where R is optionally substituted loweralkyl, aryl,
heteroaryl, cycloalkyl, eveloheteroalkyl, aralkyl, heteroaralkyl, (cycloalkyljalkyi,

and {cyclohetercalkyl)alkyl respectively.

Sulfinyl refers herein to the group —S0—. The terms loweralkylsulfinyl, arylsulfinyl,
heteroarylsulfinyl, cycloalkylsulfinyl, cycloheteroalkylsulfinyl, aralkylsulfinyl, het-
eroaralkylsulfinyl, {cycloalkyljalkylsulfinyl, and (cycloheteroallyl)alkylsulfinyl re-
fer to —SOR where R is optionally substituted loweralkyl, aryl, heteroaryl,
cycloalkyl, cycloheteroalkyl, aralkyl, heteroaralkyl, (cycloalkyl)alkyl, and (cy-

cloheteroalkyl)alkyl respectively.
Formyl refers to —C{O)H.

Carboxyl refers to —C(O)OH.

ig
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Carbonyl! refers to the divalent group —C({O)~. The terms loweralkylearbonyl,
arylearbonyl, hetercarylcarbonyl, cycloallylecarbonyl, cycloheteroalkylcarbonyl,
aralkycarbonyl, heteroaralkylearbonyl, (cycloalkyl Jalkylearbonyl, and (cyelohet-
eroalkyl jalkylcarbonyl refer to —C(O)R, where R is optionally substituted lower-
alkyl, aryl, heteroaryl, cycloalkyl, cycloheteroalkyl, aralkyl, heteroaralkyl, (cy-

cloalkylialkyl, and (cycloheteroalkyl)alkyl respectively.

Thiocarbonyl refers to the group —C(8)~. The terms loweralkylthiocarbonyl, arylthio-
carbonyl, heteroarylthiocarbonyl, cycloalkylthiocarbonyl,
cycloheteroalkylthiocarbonyl, aralkylthio carbonylozlthio carbonyl, heteroaralkyl-
thiocarbonyl, {cycloalkyljalkylthiocarbonyl, and (cycloheteroalkyl)alkylthiocar-
bonyl refer to —C{S)R, where R is optionally substituted loweralkyl, arvl, het-
eroaryl, cycloalkyl, cycloheteroalkyl, aralkyl, heteroaralkyl, (cycloalkyl}alkyl,

and (cycloheteroalkyilalky! respectively.

Carbonyloxy refers generally to the group —C{O)~0—. The terms loweralkyl-
carbonylozy, arylcarbonylozy, heleroarylcarbonylory, cycloalkylearbonylory, cy-
cloheteroalkylearbonylozy, aralkylcarbonyloxy, heteroaralkylearbonylozy, {cyclo-
alkyl)olkylcarbonylozy, (cycloheteroalkyljalkylcarbonylozy refer to —~C{O)OR,
where R is optionally substituted loweralkyl, aryl, heteroaryl, cycloalkyl, cyclo-
heteroalkyl, araltkyl, hetercaralkyl, {cycloalkylialkyl, and (cyclohetercalkyl}alkyl

respectively.

Oxycarbonyl refers to the group —O—C(O)~. The terms loweralkylozycarbonyl,
arylozycarbonyl, heteroarylozycarbonyl, cycloalkylozycarbonyl, cycloheteroalk-
ylozycarbonyl, aralkylozycarbonylozycarbonyl, heteroaralkylorycarbonyl, {cyclo-
alkyl)alkylozycarbonyl, (cycloheteroalkyljalkylozycarbonyl refer to —O~C(O)R,
where R is optionally substituted loweralkyl, aryl, heteroaryl, cycloalkyl, cyclo-
heteroalleyl, aralleyl, heteroaraltkyl, (cycloalkyljalkyl, and (cycloheteroalkyl)alkyl

respectively.

Carbonylamino refers to the group —NH--C(O)—. The terms loweralkylcarbonyl-

amno, arylcarbonylamino, heteroarylearbonylamino, eycloalkylcarbonylomino,
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cycloheteroalkylcarbonylamine, aralkylcarbonylamano, heieroaralkylearbonylam-
ino, (cycloalkyl)alkylearbonylaminoe, and (cycloheteroalkyl)alkylearbonylamino
refer to ~NH—C{O)R—, where R is optionally substituted loweralky!, aryl, het-
eroaryl, cycloalkyl, cyclohetercalkyl, avalkyl, heteroaralkyl, {cveloalkyl)alkyl, or
{cycloheteroalkyllalkyl respectively. In addition, the present invention includes
n-substituted carbonylamine (—NR/C{O}R), where R’ is optionally substituted
loweralkyl, arvl, heteroaryl, aratkyl, or hetercaralkyl and R retains the previous

defintion.

Carbonylthio refers to the group —C(O)—S—. The terms loweralkylcarbonyl-
thio, arylearbonylthio, heteroarylearbonylthio, cycloalkylearbonylthio, cyclohet-
eroalkylearbonylthio, aralkylearbonylthio, heteroaralkylearbonylthio, {cycloalkyl)alk-
ylearbonylthio, (eycloheteroalkyljalkylcarbonylibio refer to —C(O)SR, where R
is optionally substituted loweralkyl, arvl, heteroaryl, cycloalkyl, cycloheteroalkyl,

aralkyl, hetercaralkyt, (cycloalkylialkyl, and (cycioheteroalkyl)alkyl respectively.

b 3

Guanidino or Guanidyl refers to moieties derived [rom guanidine, Ho,N—C(=NH}-NH,.
Such moieties include those bonded at the nitrogen atom carrying the formal
double bond (the 2-position of the guanidine, e.g., diaminomethyleneamino,
((HyN),~C=NH-) and those bonded at either of the nitrogen atoms carrying a
formal single bond (the I- or #-positions of the guanidine, e.g., HoN—C{=NH)-NH-).
The bydrogen atoms at either nitrogen can be replaced with a suitable sub-

stituent, such as loweralkyl, aryl, or loweraralkyl.

Amidino refers to the moleties R—~C{=N)~NR'~ {the radical being at the N* ni-
trogen} and R(NR/JC=N— (the radical being at the N®nitrogen}, where R and

R’ can be hydrogen, loweralkyl, aryl, or loweraralkyl.

Imino refers to the group —C(=NR)—, where R can be hydrogen or optionally sub-
stituted loweralkyl, aryl, heteroaryl, or hetercaralkyl respectively. The terms
wminoloweralkyl, iminocycloalkyl, iminocycloheteroalkyl, iminoaralkyl, tmine-

heteroaralkeyl, (cycloalkyl fiminoalkyl, (cycloiminoalkyljalkyl, (cycloiminohetero-
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alkyl)alkyl, and [eycloheteroalkyl Jiminoalky! refer to optionally substituted low-
eralkyl, cycloalkyl, cycloheteroalkyl, aralkyl, heteroaralkyl, (cycloalkyl)alkyl,

and {cyecloheteroalkylalkyl groups that include an imino group, respectively.

Oximino refers to the group —C{=NOR)- , where R can be hydrogen {hydrozimino)
or opticnally substituted loweralkyl, aryl, heteroary!, or hetercaralkyl respec-
tively. The terms oziminoloweralkyl, oximinocycloalkyl, oximinocycloheteroalk-
vl oziminoarallyl, oziminoheleroaralkyl, {cycloalkyl)oziminoalkyl, (cycloovime-
inoalkyl)alkyl, (cyclooriminoheteroalkyl)alkyl, and (eycloheteroallyl)orimino-
allyl refer to optionally substituted loweralkyl, cycloalkyl, cyclohetercalkyl, ar-
alkyl, heterocaralkyl, {(cycloalkyl)alkyl, and {cycloheteroalkyl)alkyl groups that

include an oximino group, respectively.

Methylene as used herein refers to an unsubstituted, monosubstituted, or disubsti-
tuted carbon atom having a formal sp® hybridization (i.e., —CRR/~ | where R

and R’ are hydrogen or independent substituents).

Methine as used herein refers to an unsubstituted or substituted carbon atom having
P ‘. . . .
a formal sp® hybridization (i.e., CR== or =CR—, where R is hydrogen or a

substituent).

4.2 Compounds and Methods of the Invention

0027) In a frist aspect, the present invention provides novel compounds haivng the

having structure:

RE R!
RS N R?
@ RT& R?b
; R
K2 . 5 N& Rob
; } R R8s
Y--X3 R X7 R
Figure 1

and its pharmaceutically acceptable salts, hydrates, and coordination compounds.
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[0028] Those having ordinary skill in the art will appreciate that compounds having
the structure shown above (Figure 1) can exist in a variety of formal hybridization
structures that may or may not include a formal charge; thus, the structural formula
for shown above {and all similar formulas herien) implicitly includes all equivalent
resonance structures including any charges. Similarly, the illustration of any specific
resonance structure herein is defined to include all equivalent resonance structures
implicitly unless specifically noted otherwise. The identification of such rescnance
structures and their equivalents is well known to persons having ordinary skill in the
art.

[0020] R'-R"" are selected independently from the group consisting of: hydrogen, halo,
cyano, nitro, thio, amino, carboxyl, formyl, and optionally substituted alkyl, alkylcar-
bonyloxy, arylcarbonyloxy, heteroarylearbonyloxy, cycloalkylearbonyloxy, eyclohe-
teroalkylcarbonyloxy, aralkycarbonyloxy, hetercaralkylearbonyloxy, (cycloalkyl)alk-
yicarbonyloxy, (cyclohetercalkyllalkylecarbonyloxy, alkylearbonyl, arylearbonyl, he-
teroarylcarbonyl, cycloalkycarbonyl, cycloheteroalkyecarbonyl, aralkycarbonyl, he-
teroaralkylearbonyl, (cycloalkyl)alkylearbonyl, (cycloheteroalkyl)alkylearbonyl, al-
kylaminocarbonyl, arylaminccarbonyl, aralkylaminocarbonyl, heteroarylaminocar-
bonyl, heteroaralkylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, heter-
oaryvlcarbonylamino, cycloalkylcarbonylamino, cyclohete_?:oalkylcarboizy]amino, ar-
alkylearbonylamino, hetercaralkylearbonylamino, (cycloalkyl}alkylcarbonylamino,
{cyclobeteroalkyljalkylearbonylaminoe, dialkylamino, arylamino, diarylamino, ar-
alkkylamino, diaralkylamino, heteroarylamino, diheteroarylamino, heteroaraliylam-
ino, diheteroaralkylamino, alkylsulfonyl, arylsulonyl, heteroarylsuonyl, cycloalkyl-
sulfonyl, aralkycarbonylthiooxy, carbonylthio, hetercaralkylearbonylthio, (cycloalk-
yloxy )earbonylthio, (cycloheteroalkyl)alkylcarbonylthio, alkyloxycarbonyl, aryloxy-
carbonyl, hetercaryloxycarbonyl, cycloalkyloxycarbonyl, cyclohetercalkyloxyearbon-
yvl, aralkyloxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, {cycloalkyl)alk yioxy-
carbonyl, (cyclohetercalkyl)alkyloxycarbonyl, iminoalkyl, iminoecycloalkyl, imino-
cycloheteroalkyl, iminoaralkyl, iminoheteroaralkyl, (cycloalkyl)iminoalkyl, and (cy-

cloheteroalkylyiminoalkyl.

22



WO 20117137447 PCT/US2011/034818

[0030] RY is hydrogen or optionally substituted alkyl, alkylcarbonyl, arylearbon-
yl, hetercarylcarbonyl, eycloalkycarbonyl, cyclohetercalkycarbonyl, aralkycarbon-
yl, heteroaralkylcarbonyl, (cycloalkyl)alkylcarbonyl, {cycloheteroalkyl)alkylcarbon-
v, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylami-
nocarbonyl, heteroaralkylaminocarbonyl, alkylsulfonyl, arylsulfonyl, hetercarylsu-
fonyl, cycloalkylsulfonyl, alkyloxycarbonyl, aryloxycarbonyl, hetercaryloxycarbon-
yl, eycloalkyloxycarbonyl, cycloheteroalkyloxycarbonyl, aralkyloxycarbonyloxycar-
bonyl, heteroaralkyloxycarbonyl, {cycloalkyljalkyloxycarbonyl, and (eyclohetero-

alkylalkvloxycarbonyl.

10031] X' is (CR”RH’)W wherein m is either 1 or 2 such that each of R' and R™,
independently for each value of 1, is selected independently from the group consisting
of: hydrogen, halo, cyano, nitro, thio, amino, carboxyl, formyl, and optionally substi-
tuted alkyl, alkylcarbonyloxy, arylcarbonyloxy, heteroarylcarbonyloxy, cycloallkyl-
carbonyloxy, cycloheteroalkylearbonyloxy, aralkycarbonyloxy, hetercaralkylcarbon-
yloxy, (cyclealkylalkylearbonyloxy, (cycloheteroalkyl)alkylcarbonyloxy, alkylcarbon-
yl, arylcarbonyi, heteroarylcarbonyl, cycloalkycarbonyl, cyclohetervalkycarbonyl,
aralkycarbonyl, heteroaralkylcarbonyl, (cycloalkyljalkylcarbonyl, {cycloheteroalk-
yhalkylearbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, he-

teroarylaminocarbonyl, heteroaralkylaminocarbonyl, alkylcarbonylamino, arylear-

carbonylamine, aralkylearbonylamino, heteroar alkylearbonylamino, (eycloalkyl}alk-
ylcarbonylamino, (eycloheteroalkyljalleylearbonylamine, dialkylaming, aryiamine,
diarylamino, aralkylamino, diaralkylamino, heteroarylamino, diketeroarylamine, he-
teroaralkylamino, diheteroaralkylamino, alkylsulfonyl, arylsulonyl, heteroaryisuonyl,
cycloalkylsulfonyl, aralk ycarbonylthioooxy, carbonylythio, heteroaralkylearbonylthio,
(cycloalkyloxy)carbonylthio, (cycloheteroalkyl)alkylcarbonylthio, alkyloxyearbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cycloheteroalkyloxy-
carbonyl, aralyoxycarbonyloxloxycarbonyl, hetercaralkyloxycarbonyl, {cyeloalkyl)alk-
yloxycarbonyl, (cycloheteroalkyl)alkyloxycarbonyl, iminoalkyl, iminocycloalloyl, im-

inocycloheteroalkyt, iminoaralkyl, iminohetercaralkyl, {cycloalkyl)iminoallkyl, and
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{cycloheteroalikyliminoalkyl.

[0032] As used herein, the phrase “independently lor each value of m, is selected
independently” refers to the fact that each methylene unit can include two different
substituents {when the carbon atom is fully saturated). In other words, each value
of m can yield as many as 2 x m different substituents, which will be denoted herein
by the lower case letters a, b, ¢, ..., ete. Thus, as used herein the group denoted
(CRYR™ ), will yield (CR™R™®) for m = 1, (CR™R™)(CRYR™) for m = 2,
ete. In some cases, as will be obvious to those having ordinary skill in the art, the
substitutent will define an unsaturated carbon, i.e., an sp or sp* carbon, such as in
the case of nitriles or carbonyls, in which case the two substituents on a carbon atom

are treated as a single unitary substituent.

[0033] Y is opticnally present. When Y is present, Y is NR™, O 3, SO, or SO°,
or a single or double bond between X* and X% R™ is hydrogen or optionally sub-
stituted alkyl, alkylcarbonyl, arylcarbonyl, hetercarylearbonyl, cycloalkyearbonyl,
cycloheteroalkycarbonyl, aralkycarbonyl, heteroaralkylcarbonyl, {cycloalkyl)alicyl-
carbonyl, (cycloheteroalkyllalkylcarbonyl, alkylaminocarbonyl, arylaminocarbon-
yl, aralkylaminocarbonyl, heteroarylaminocarbonyl, heteroaralkylaminocarbonyl,
alkylsulfonyl, aryisulfonyl, heteroarylsufonyl, cycloalkylsulfonyl, alkyloxycarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cyclohetercalkyl-
oxycarbonyl, aralkyloxycarbonyloxycarbonyl, heteroaralkyloxycarbonyl, (cycloalk-
yhalkyloxycarbonyl, and (cycloheteroalkyljalkyloxycarbonyl; and X* and X7 are
(CRI?’RM)R and (CRMRW)O respectively, wherein each of n and o independently
either 1, 2, or 3 such that the sum n + ¢ is either 3, 4, or 5, and for each of
the n and o methtylene units of X* and X*, each of R™R'" is selected inde-
pendently from the group consisting of: hydrogen, halo, cyano, nitro, thio, amino,
carboxy, formyl, and optionally substituted alkyl, alkyicarbonyloxy, arylcarbonyl-
oxy, hetercarylcarbonyloxy, cycloalkylearbonyloxy, cycloheteroalkylearbonyloxy, ar-
alkycarbonyloxy, heteroaralkylcarbonyloxy, (cycloalkyl)alkylearbonyloxy, (cyclohe-

teroalkyl)alkylcarbonyloxy, alkylearbonyl, arylearbonyl, heteroarylearbonyl, cyclo-
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alkkycarbonyl, cyclohetercalkycarbonyl, aralkycarbonyl, heteroaralkylcarbonyl, (cy-
cloalkyljalkylcarbonyl, (cyclohetercalkyl)alkylearbonyl, alkylaminocarbonyl, aryl-
aminocarbonyl, aralkylaminocarbonyl, hetercarylaminocarbonyl, heteroaralkylami-
nocarbonyl, alkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino, cy-
cloalkylearbonylamino, cycloheteroalkylcarbonylamino, aralkylcarbonylamino, he-
teroar alkylcarbonylamine, (cycloalkyl)alkylecarbonylamine, (cyclohetercalkyl)alk-
ylearbonylamino, dialkylamino, arylamino, diarylamino, aralkvlamino, diaralkylam-
ino, heteroarylaminoe, diheteroarylamino, heteroaralkylamino, diheteroaralkylam-
ino, alkylsulfonyl, arylsulonyl, hetercarylsuony, cycloalkylsulfonyl, aralkycarbonyl-
thiocoxy, carbonylythio, heteroaralkylcarbonylthio, (cycloalkyloxyearbonylthio, {cy-
cloheteroalkyljalkyicarbonylthio, alkyloxycarbonyl, aryloxycarbonyl, heteroaryloxy-
carbonyl, cycloalkyloxycarbonyl, cycloheteroalkyloxycarbonyl, aralyoxyearbonyloxloxy-
carbonyl, hetervaralkyloxycarbonyl, (eycloalkylalkyloxycarbonyl, (cycloheteroalk-
ylalkyloxycarbonyl, imincalkyl, iminocycloalkyl, iminocyclohetercalkyl, iminoar-

alkyl, iminoheteroaralkyl, (cycloalkyl}iminoalkyl, and (cycloheteroalkylliminoalkyl.

&

[0034] When Y is not present X° is R™ and X° is R", where R™ and R'® are se-
lected independently from the group consisting of: hydrogen and optionally sub-
stituted alkyl, alkylcarbonyl, arylcarbonyl, hetercarylearbonyl, eycloalkycarbonyl,
cycloheteroalkycarbonyl, aralkycarbonyl, heteroaralkylcarbonyl, (cycloalkyljaliyl-
carbonyl, (cyclohetercalkyljalkylecarbonyl, alkylaminocarbonyl, arylarninocarbon-
yl, aralkylaminocarbonyl, heteroarylaminocarbonyl, heteroaralkylaminocarbonyl,
alkylsulfonyl, arylsulfonyl, heteroarylsufony!, cycloalkylsulfonyl, alkyloxvearbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, cyclealkyloxycarbonyl, cycloheteroalkyl-
oxycarbonyl, aralkyloxycarbonyloxycarbonyl, heteroaralkyloxyearbonyl, {cycioalk-

yhatkyloxycarbonyl, and (cycloheteroalkyalkyloxycarbonyl.

10035] In one embodiment, the present invention provide compounds defined above
in which m is 1, such that X' is (CR™R'); thereby defining X* as (CR'™R'™), said

compounds having the structure:

wherein R'"™ and R'"" are selected independently from the group censisitng of: hy-

[
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RS R!
R® N R?
R’?a R’.’b
RQa
X2—N S N R
; R R B N
Y- -XE ré ~plo
Rlla Rl b
Figure 2

drogen, halo, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted
alkyl, alkylearbonyloxy, arylcarbonyloxy, heteroarylcarbonyloxy, cycloalkylearbon-
yvloxy, cyclohetercalkylearbonyloxy, aralkycarbonyloxy, hetercaralkylcarbonyloxy,
{cycloalkyl)alkylearbonyloxy, (cycloheteroalkyl)alkylecarbonyloxy, alkylcarbonyl, ar-
ylcarbonyl, hetercarylcarbonyl, cycloalkvearbonyl, cyclohetercalkycarbonyl, aralk-
ycarbonyl, hetercaralkylearbonyl, (cycloalkyljalkylecarbonyl, (cycloheteroalkyl)alk-
yvicarbonyl, alkylaminocarbonyl, arviaminocarbonyl, aralkylaminocarbonyl, heter-
oarylaminocarbonyl, heteroaralkyvlaminocarbonyl, alkylcarbonylamino, arylcarbon-
vlamino, hetercarylcarbonylamino, cycloalkylearbonyviamine, cycloheteroalkylear-
bonylamino, aralkylcarbonylamino, hetercar alkylcarbonylamino, (cycloalkyl)alk-
ylearbonylamino, (cycloheteroalkyl)alkylcarbonylamine, dialkylamino, arylamine,
diarylaminoe, aralkylamino, diaralkylamino, hetercarylamino, diheteroarylamino, he-
tercaralkylamino, diheteroaratkylamino, alkylsulfonyl, aryisulonyl, heteroarylsuony,
cycloaikylsulfonyl, aralkycarbonylthicooxy, carbonylythio, hetercaralkylecarbonylthio,
(cycloalkyloxy)carbonylthio, (cycloheteroalkylalkylearbonylthio, alkyloxycarbonyl,
arvioxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cycloheteroalkyl-
oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, hetercaralkyloxycarbonyl, (cycloalk-
yhalkyloxycarbonyl, (cyclohetercalkyl)alkyioxyearbonyl, iminoalkyl, iminocycloalk-
yl, iminocyclohetercalkyl, iminoaralkyl, iminoheteroaralkyl, (cycloalkyl)iminoalkyl,

and (cycloheteroalkyljiminoalkyl.

[0036] Among the compounds just described (Figure 2) are embodiments in which Y

is not present, such compound having the structure:
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[0037] Particular embodiments of these compounds include those in which each of
R and R™ is hydrogen. More particular embodiments are those in which each of
R and R* is hydrogen, and each of R,QM-R5, R%-«R%? R™ and R™® is hydrogen,
each of R" and R’ independently is optionally substituted alkyl, and R™ is optionally
substituted alkyl or alkylsulfonyl. Still more specific embodiments have the sub-
stituents just described and further each of R¥ and R™ independently is alkyl or
alkyloxyalkyl. More specific among these embodiments are those wherein each of
R'® and R' independently is alkyl, still more specifically methyl or ethyl. Yet more
specific embodiments include these substituents and further each of R*-R’, R?a~R%_,
R and RM is hydrogen, each of R' and R’ is selected independently from the group
consisting of hydrogen, halo, and optionally substituted alkyl, and R'® is hydrogen, or
optionally substituted alkyl, alkyloxycarbonyl, alkylsulfonyl, cycloalkylsulfonyl, and

alkylaminosulfonyl.

{0038] In other embodiments of Figure 2 Y is present, said compound having the

structure:
RS R!
RE N R2
R’.’a R?b
Rga
X2—N S Nx‘ﬁRgh
L g™ N
Y —X3 R \Rm
rila i

10039] In some embodiments, each of n and ¢ is 2 for these compounds, such that

X' and X have the form (CREBRIBJ)Q and (CRMRW)B respectively, defining thereby
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9

X' as (CR™R™(CR™R™) and X? as (CR™R™MYCR™RM™), said compound

having the structure:

RS Rt
RS N R2
13 3 13a R7a R™®
RleR e
N S N Rgb
Rl i R ida Rés
Y R4 Ré T\
R 14d Ridb RS5b R0
Ridk Riia Rub
wherein R'*-R™ are selected independently from the group consisitng of: hydro-

gen, halo, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted
alkyl, alkylcarbonyloxy, arylearbonyloxy, hetercarylearbonyloxy, cycloallylearbon-
yloxy, cycloheteroalkylcarbonyloxy, aralkycarbonyloxy, heteroaralkylearbonyloxy,
{cycloalkyl)alkylcarbonyloxy, (cycioheteroalkyljalkylcarbonyloxy, alkylcarbonyl, ar-
ylearbonyl, heteroarylearbonyl, cycloalkycarbonyl, cycloheteroalkyearbonyl, aralk-
yearbonyl, heteroaralkylearbonyl, (cycloalkyl)alkylearbonyl, (cycloheteroalkyljalk-
ylearbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heter-
oarylaminocarbonyt, heteroaralkylaminocarbonyl, alkylcarbonylamino, arylearbon-
yltamino, heteroarylearbonylamino, cycloalkylearbonylamino, cycloheteroalkylcar-
bonylamino, aralkylcarbonylamine. heteroar alkylearbonylamino, (cycloalkyl)alk-
ylcarbonylamino, (cycloheteroalkyljalkylcarbonylamino, dialkylamino, arylamino,
diarylamino, aralkylamino, diaralkylamino, heteroarylamino, dihetercarylamino, he-
teroaralkylamino, dihetercaralkylamino, alkylsulfonyl, aryisulonyl, hetercarylsuony,
cycloalkylsuifonyl, aralkycarbonylthioooxy, carbonylythio, heteroaralkylcarbonylthio,
{cycloalkyloxy)carbonylthio, (cycloheteroalkyl)alkylcarbonylthio, alkyloxycarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxyearbonyl, cycloheteroalkyl-
oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, (cycloalk-
ylalkyloxycarbonyl, {cycloheteroalkylalkyloxycarbonyl, imincalkyl, iminceycloalk-
vl, iminocycloheteroalkyl, iminoaralkyl, iminoheteroaralkyl, {cycloalkyl)iminoalkyl

¥

and (cycloheteroalkyl)iminoalkyl.
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[0040] In more particular embodiments, when Y is present, in addition to the sub-
stituents described above each of R*-R®, R™R™, R, R, and R*-R"! is hy-
drogen, each of R' and R® is selected independently from the group consisting of
hydrogen, halo, and optionally substituted alkyl. Among these compounds are fur-
ther embodiments defined by the additional specification that Y is NR™ or O. In more
specific embodiments, Y is NRY, and R and R are selected independently from
the group consisting of: hydrogen, or optionally substituted alkyl, alkyloxycarbonyl,
alkvisulfonyl, cveioalkylsulfonyl, and alkylaminosulfonyl. In other more specific em-
bodiments, Y is O.

100411 Other embodiments are defined by the compound shown in Figure 1, wherein m
is 2, such that X' is (CR™R'"),, defining X' thereby defining X* as (CR™*R™")(CR“R™),
said compound having the structure:

| RS Ri

R N R?
R R?b Ga
L o—
XI N o) pe N \ Rob
R* R N
Y--x4 B 11Rw
Rl R
Rik R

Figure 3
far)

. Llia o 1id
wherein R™°-R

are selected independently from the group consisitng of: hydro-
gen, halo, cyano, nitro, thio, amine, carboxy, formyl, and optionally substituted
alkyi, alkkylearbonyloxy, arylecarbonyloxy, heteroarylcarbonyloxy, cvcloalkyicarbon-
yloxy, eyclohetercalkylcarbonyloxy, aralkycarbonyioxy, hetercaralkylcarbonyloxy,
(cycloalkylalkylearbonyloxy, (cycloheteroalkyl)alkylearbonyloxy, alikylcarbonyl, ar-
ylcarbonyl, hetercarylcarbonyl, cycloalkyvearbonyl, cycloheteroalkycarbonyl, aralk-
vearbonyl, hetercaralkylearbonyl, {cycloalkyl)alkylearbonyl, {cyclohetercalkyl}alk-
vicarbonvl, alkylaminocarbonyl, arvlaminocarbonyl, aralkylaminocarbonyl, heter-

oarylaminocarbonyl, heteroaralkylaminocarbonyl, aikylcarbonylamino, arylearbon-

yvlamino, heteroarylcarbonyviamine, cycloalkylearbonylamino, cycloheteroalkylcar-
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bonylamino, aralkylcarbonylamino, heteroar alkylcarbonylamino, (eyeloalkyl}alk-
yicarbonylamino, (cycloheteroalkyl)alkylcarbonylamine, dialkylamino, arylamine,
diarylamino, aralkylamino, diaralkylamine, hetercarylamino, diheteroarylamino, he-
teroaralkylamino, diheteroaralkylamino, alkylsulfonyl, arylsulonyl, heteroarylsuony,
cycloalkylsulfonyl, aralkycarbonylthiocoxy, carbonylythio, heteroaralkylcarbonylthio,
(cycloalkyloxy)carbonylthio, (cyclohetercalkyl)alkylearbonylthio, alkyloxycarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, eycloheteroalkyl-
oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, {eycloalk-
vhalkyloxycarbonyl, (cycloheteroalkyljalkyloxycarbonyl, iminoalkyl, iminocycloalk-
yl, iminocycloheteroalkyl, iminoaralkyl, iminoheteroaralkyl, (cycloalkyl)iminoalkyl,

and (cycloheteroalkyl)iminoalkyl.

[0042] Some embodiments of the invention include those just described above (Fig-

ure 3] and further wherein Y is not present, such compounds having the structure:

RS R?
35\2\/1\1 R?
f\ Ta ya7h
P\ L N Ree
) i R ) RO

b

RIS RS RS N
RE \ \.‘Rm
Rll& Rlte
Rl 1 Rl 1d

. eella o 11d
wherein R R

are selected independently from the group consisitng of: hydro-
gen, halo, cyano, nitro, thio, amine, carboxy, formyl, and optionally substituted
alkyl, alkylearbonyloxy, arylearbonyloxy, heteroarylcarbonyloxy, cycloalkylcarbon-
yloxy, cyclohetercalkylearbonyloxy, aralkycarbonyloxy, heteroaralkylearbonyloxy,
(cycloalkytalkylearbonyloxy, (cyclohetercalkyl)alkylcarbonyloxy, alkyicarbonyl, ar-
ylearbonyl, heteroarylcarbonyl, cycloalkycarbonyl, cycloheteroalkycarbonyl, aralk-
yearbonyl, heteroaralkylcarbonyl, (cycloalkyljalkylearbonyl, (cycloheteroaliyl)alk-
yicarbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heter-

oarylaminocarbonyl, heteroaralkylaminocarbonyl, alkylcarbonylamino, arylcarbon-

vlamino, hetercarylearbonylamino, cycloalkylearbonylamine, cycloheteroalkylcar-
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bonylamino, aralkylcarbonylamino, hetercar alkylearbonylamine, (cycloalkyljalk-
ylearbonylamine, (cyclohetercalkyllalkylcarbonylamino, dialkylamino, arvliamino,
diarylamino, aralkylamino, diaralkylamino, hetercarylamino, diheteroarylamino, he-
teroaralkylamino, dihetercaralkylamino, alkyisulfonyl, arvlsulonyl, hetercarylsuony,
cycloalkyvisulfonyl, aralkycarbonylthiccoxy, carbonylythio, heteroaralkylcarbonylthio,
(cycloalkyloxy)carbonylthio, {cycloheteroalkyl)alkylearhonylthio, alkyloxycarbonyl,
aryloxycarbonyl, hetercaryloxycarbonyl, cycloalkyloxyearbonyl, cycloheteroalkyl-
oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, hetercaralkyloxycarbonyl, (cycloalk-
yhalkyloxycarbonyl, (cycloheteroalkylalkyloxycarbonyl, iminoalkyl, iminocycloalk-
yl, iminocycloheteroalkyl, iminoaralky!, iminoheteroaralkyl, {cycloalkyl)iminoalkyl,

and (cycloheteroalkyl}iminoalkyl.

0043] In other embodiments, compounds of the invention have the description pro-

vided above (Figure 3) but wherein Y is present; these compound have the structure:

RG

R].
R® Nw/krRz
m Tom7h
O L ROR™ e
73 \ 3 N
X 1\{ S Rsam&agb

R4 R? N
Y —X4 R ‘ :Rzo
Ril R
Rt Rid

wherein RM*-R" are selected independently from the group consisithg of: hydro-
gen, halo, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted
alkyl, alkylcarbonyloxy, arylearbonyloxy, heteroarylcarbonyloxy, cycloalkylearbon-
vloxy, cyclohetervalkylcarbonyloxy, aralkycarbonyloxy, heteroaralkylearbonyloxy,
{cycloalkyljalkylcarbonyloxy, (cycloheteroalkyl)alkylecarbonyloxy, alkylcarbonyl, ar-
ylearbonyl, heteroarylcarbonyl, cycloalkycarbonyl, cycloheteroalkycarbonyl, aralk-
yvearbonyl, heteroaralkylearbonyl, (cycloalkylalkylearbonyl, (cycloheteroalkyljalk-
vlcarbonyl, alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heter-
oarvlaminocarbonyl, hetercaralkylaminocarbonyl, alkyicarbonylamino, arylecarbon-

ylamino, heteroarylcarbonylamino, cycloalkylearbonylamino, cyclohetercalkylcar-

31



WO 2011/137447 PCT/US2011/034818

bonylamino, aralkylcarbonylamino, hetercar atkylcarbonylamino, (cycloalkyl)alk-
ylearbonylamine, (cyclohetercalkyljalkylecarbonylamino, dialkylamino, aryiamino,
diarylamino, aralkylamino, diaralkylamino, hetercarylamino, diheteroarylamino, he-
teroaralkylamino, diheteroaralkylamino, alkylsulfonyl, arylsulonyl, heteroarylsuony,
eycloalkylsulfonyl, aralkycarbonylthioooxy, carbonylythio, heteroaralkylearbonylthio,
(cycloalkyloxy)carbonylthio, {cycloheteroalkyl)alkylearbonylthio, alkyloxycarbonyl,
aryloxycarbonyl, hetercaryloxycarbonyl, cycloalkyloxyearbonyl, cycloheteroalkyl-
oxycarbonyl, aralyoxycarbonyloxloxycarbonyl, hetercaralkyloxycarbonyl, (cycloalk-
yhalkyloxycarbonyl, (cyclohetercalkylialkyloxycarbonyl, iminoalkyl, iminocycloalk-
yi, iminocyclohetercatkyl, iminoaralkyl, iminoheteroaralkyl, (cycloalkyliminoalkyl,

and (cycloheteroalkyl)imincalkyl.

10044] In another aspect, the present invention provide methods for treating a viral
disease in a mammal afflicted with such disease, comprising administering to such
mammal a therapeutically effective amount of a compound described herein, ie., a
compound encompassed with the compounds illustrated in Figure 1 above. In more
specific embodiments, the viral disease is an eticlogical component of a respiratory
syndrome selected from the group consisting of: bronchiolitis, the common cold, croup,
influenza, and pneumonia. For example and not limitation, Influenza is associated
with the first three syndromes listed above; adenovirus with the first two and the

third; and rhinovirus with the last syndrome.

i0043] In another aspect, the present invention provides methods and compositions
for {reating a viral disease in a mammal afflicted with such disease, comprising
administering to such mammal a therapeutically effective amount of a compound
described herein.  In more particular embodiments the viral disease is Influenza
(Flu), Adenovirus (ADV}, Human Corona Virus (HCoV), Herpes Simplex Virus
(HSV}, Rhinovirus (RHNV), Respiratory Syntactical Virus (RSV), Hepatitis C Virus
(HCV), Human Immunodeficiency Virus (HIV), Monkey Pox Virus (MPXV), Rabies
Virus (RABV), Dengue Virus (DENV), Easter Equine Encephalitis Virus (BEEV),
Venezueian Equine Encephalitis Virus (VEEV}, Wester Equine Encephalitis Virus
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(WEEV), West Nile Virus (WNV), Chikungunya Virus {CKGV), Ebola Virus (EBOV),
Marburg Virus (MARV). Particular, non limiting, exemplary compounds and their

activities against these viruses are provided in the Appendix.

4.3 Synthesis of the Compounds of the Invention

[6046] The compounds of the present invention can be synthesized using techniques
and materials known to those of skill in the art. Starting materials for the compounds
of the invention may be obtained using standard techniques and commercially avail-
able precursor materials, such as those available from Aldrich Chemical Co. (Milwau-
kee, Wis.}, Sigma Chemical Co. (St. Louis, Mo.), Lancaster Synthesis (Windham,
N.H.}, Aspin Chemicals, Ttd. (New Brunswick, N.J.), Ryan Scientific {Columbia,
5.C.), Maybridge (Cornwall, England), Arcos (Pittsburgh, Pa.), and Trans World
Chemicals {Rockville, Md.}

[0047] The procedures described herein for synthesizing the compounds of the inven-
tion may inciude one or more steps of protection and deprotection (e.g., the formation
and removal of acetal groups). In addition, the synthetic procedures disclosed below
can include various purifications, such as column chromatography, flash chromatogra-
phy, thin-layer chromatography (“TLC"), recrystallization, distillation, high-pressure
liquid chromatography (“HPLC”) and the like. Also, various techniques well known
in the chemical arts for the identification and quantification of chemical reaction
produets, such as proton and carbon-13 nuclear magnetic resonance (}H and "*C
NMR), infrared and ultraviolet spectroscopy (“IR” and “UV”), X-ray crystallogra-
phy, elemental analysis (“EA”). HPLC and mass spectroscopy (“MS”) can be used

for identilication, quantitation and purification as well.

[0048] Although the schemes below illustrate specific starting materials and products,
those having ordinary skill in the art will understand that many substitution patierns
can be made using known methods and materials in combination with the teachings

herein.
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4.4 Compositions for, and Methods of, Treating Viral Infec-
tions

[0049] Compounds of the present invention can he administered in a variety of ways
including enteral, parenteral and topical routes of administration. For example, suit-
able modes of administration inciude oral, subcutanecus, transdermal, transmucosal,
iontopheretic, intravenous, intramuscular, intraperitoneal, intranasal, subdural, rec-

tal, vaginal, and the like.

[0050] In accordance with other embodiments of the present invention, there is pro-
vided a composition comprising a compound described here, together with a pharmea-
ceutically acceptable carrier or excipient. Suitable pharmaceutically acceptable ex-
cipients include processing agents and drug delivery modifiers and enhancers, such as,
for example, calcivm phosphate, magnesium stearate, talc, monosaccharides, disac-
charides, starch, gelatin, cellulose, methyl cellulose, sodium carboxymethyl cellulose,
dextrose, hydroxypropyl-S-cyclodextrin, polyvinylpyrrolidinone, low melting waxes,
ion exchange resins, and the like, as well as combinations of any two or more thereof.
Other suitable pharmaceutically acceptable excipients are described in REMINGTON'S
PHARMACEUTICAL SCIENCES, Mack Pub. Co., New Jersey (1991), which is incor-

porated herein by reference.

[0051] Pharmaceutical cornpositions of the present invention may be in any form suit-
able for the intended method of administration, including, for example, a solution, a
suspension, or an emulsion. Liquid carriers are typically used in preparing solutions,
suspensions, and emulsions. Liquid carriers contemplated for use in the practice of
the present invention include, for example, water, saline, pharmaceutically acceptable
organic solvent(s), pharmaceutically acceptable oils or fats, and the like, as well as
mixtures of two or more thereof. The liquid carrier may contain other suitable phar-
maceutically acceptable additives such as solubilizers, emulsifiers, nutrients, buffers,
preservatives, suspending agents, thickening agents, viscosity regulators, stabilizers,
and the like. Suitable organic solvents include, for example, monohydric alcohols,

such as ethanol, and polyhydric aleohols, such as glycols. Suitable oils include, for
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example, soybean oil, coconut oil, olive oil, safflower oil, cottonseed oil, and the like.
For parenteral administration, the carrier can also be an oily ester such as ethyl oleate,
isopropyl myristate, and the like. Compositions of the present invention may also be
in the form of microparticles, microcapsules, liposomal encapsulates, and the like, as

well as combinations of any two or more thereof.

10052] The compounds of the present invention may be administered orally, parenter-
ally, sublingually, by inhalation spray, rectaily, vaginally, or topically in dosage unit
formulations containing conventional nontoxic pharmaceutically acceptable carriers,
adjuvants, and vehicles as desired. Topical administration may also involve the use
of transdermal administration such as transdermal patches or ionophoresis devices.
The term parenteral as used herein includes subcutanecus injections, intravenous,

intramuscular, intrasternal injection, or infusion techniques.

0053] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be
a sterile injectable solution or suspension in a nontoxic parenterally acceptable diluent
or solvent, for example, as a solution in 1,3-propanedicl. Among the acceptable
vehicles and solvents that may be employed are water, Ringer’s solution, and isotonic
sodium chloride sclution. In addition, sterile, fixed oils are conventionally employed
as a solvent or suspending medium. For this purpose, any bland fixed oil may be
emploved including synthetic mono- or diglyeerides. In addition, fatty acids such as

oleic acid can be useful in the preparation of injectables.

[0054] Suppositories for rectal or vaginal administration of the drug can be prepared
by mixing the drug with a suitable nonirritating excipient such as cocoa butter and
polyethylene glycols that are solid at ordinary temperatures but liquid at the rectal

temperature and will therefore melt in the rectum and release the drug.

[0055] Solid dosage forms for oral administration may inclade capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound may be

admixed with at least one inert diluent such as sucrose lactose or starch. Such dosage
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forms may also cormprise, as is normal practice, additional substances other than inert
diluents, e.g., lubricating agents such as magnesium stearate. In the case of capsules,
tablets, and pills, the dosage forms may also comprise buffering agents. Tablets and

pills can additionally be prepared with enteric coatings.

[0056] Liquid dosage forms for oral administration may include pharmaceutically ac-
ceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert dilu-
ents commonly used in the art, such as water. Such compositions may also comprise
adjuvants, such as wetting agents, emulsifying and suspending agents, cyclodextrins,

and sweetening, flavoring, and perfuming agents.

[0657] The compounds of the present invention can also be administered in the form
of liposomes. As is known in the art, liposomes are generally derived from phospho-
lipids or other lipid substances. Liposomes are formed by mono- or multilamellar
hydrated lquid crystals that are dispersed in an aqueous medium. Any non-toxic,
physiclogically acceptable and metabolizable lipid capable of forming liposomes can
be used. The present compositions in liposome form can contain, in addition to a
compound of the present invention, stabilizers, preservatives, excipients, and the like.
The preferred lipids are the phospholipids and phosphatidyl cholines (lecithins), both

natural and synthetic. Methods to form liposomes are known in the art.

[0058] While the compounds of the invention can he administered as the sole ac-
tive pharmaceutical agent, they can also be used in combination with one or more
other compound as described herein, or in combination with other agents used in the

treatment or prevention of AD and related diseases, or both.

(00591 [n addition, the compounds of the present invention can be used, either singly or
in combination as described above, in combination with other modalities for prevent-
ing or treating AD and related diseases or disorders. Such other treatment modalities
include without limitation, surgery, radiation, hormene supplementation, and diet
regulation. These can be performed sequentially {e.g., treatment with a compound
of the invention following surgery or radiation) or in combination (e.g., in addition

to a diet regimen).
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[0060] The additional active agents may generally be employed in therapeutic amounts
as indicated by sources well known to those having ordinary skill in the art, e.g., the
Puvsiclan’s DESK REFERENCE (PDR} 53™ Edition (1999), which is incorporated
herein by reference, or such therapeutically useful amounts as would be known to one
of ordinary skill in the art. The compounds of the invention and the other thera-
peutically active agents can be administered at the recommended maximum clinical
dosage or at lowes doses. Dosage levels of the active compounds in the compositions
of the invention may be varied to obtain a desired therapeutic response depending on
the route of administration, severity of the disease and the response of the patient.
The combination can be administered as separate compositions or as a single dosage
form containing both agents. When administered as a combination, the therapeutic
agents can be formulated as separate compositions that are given at the same time

or different times, or the therapeutic agents can be given as a single composition.

i0061] In accordance with yet other embodiments, the present invention provides
methods for {reating or preventing AD or similar disorder in a human or animal
subject in which an amount of a compound of the invention that is effective to at least
ameliorate disease symptoms. Effective amounts of the compounds of the invention
generally include any amount sufficient to detectably modulate AD using standard
measures, by other methods known to those having ordinary skill in the art, or by

detecting prevention or alleviation of symptoms in a subject afflicted with AD.

[0062] The amount of active ingredient that may be combined with the carrier ma-
terials to produce a single dosage {orm will vary depending upon the host treated
and the particular mode of administration. It will be understood, however, that the
specific dose level for any particular patient will depend upon a variety of factors in-
cluding the activity of the specific compound employed, the age, body weight, general
health, sex, diet, time of administration, route of administration, rate of excretion,
drug combination, and the severity of the particular disease undergoing therapy. The
prophylactically or therapeutically effective amount for a given situation can be read-

ily determined by routine experimentation and is within the skill and judgment of
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the ordinary clinician.

[0063] For exemplary purposes of the present invention, a prophylactically or thera-
peutically effective dose will generally be from about 0.1 mgkg™1d™! to about

100mgkg™ d~?, preferably from about 1mgkg™*d! to about 20mgkg™" d™!, and
most preferably from about 10mgkg™ d™! to about 10mgkg™d™! of a compound

of the present invention, which may be administered in one or multiple doses.

5 Examples

10064} The following Examples are provided to illustrate certain aspects of the present
invention and to aid those of skill in the art in the art in practicing the invention.
These Examples are in no way to be considered to limit the scope of the invention in
any manner.

5.0.1 Synthesis of Compounds

[0065] The compounds of the present invention can be synthesized using techniques
and materials known to those of skill in the art. Starting materials for the compounds
of the invention may be obtained using standard techniques and commercially avail-
able precursor materials, such as those available from Aldrich Chemical Co. (Milwau-
kee, Wis.), Sigma Chemical Co. (St. Louis, Mo.), Lancaster Synthesis (Windham,
N.H.), Aspin Chemicals, Ltd. (New Brunswick, N.I.}), Ryan Scientific {Columbia,
5.C.), Maybridge (Cornwall, England), Arcos {Pittsburgh, Pa.), and Trans World
Chemicals (Rockville, Md.)

[0066] The procedures described herein for synthesizing the compounds of the inven-
tion may include one or more steps of protection and deprotection (e.g., the formation
and removal of acetal groups). In addition, the synthetic procedures disclosed helow
can include various purifications, such as column chromatography, flash chromatogra-
phy, thin-layer chromatography (“TLC”}, recrystallization, distillation, high-pressure
liquid chromatography (“HPLC”) and the like. Also, varicus technigues well known
in the chemical arts for the identification and quantification of chemical reaction

- 1 13
products, such as proton and carbon-13 nuclear magnetic resonance ("H and —C
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NMR), infrared and ultraviclet spectroscopy (“IR” and “UV”), X-ray crystallogra-
phy, elemental analysis (“EA”). HPLC and mass spectroscopy (“MS”) can be used

for identification, guantitation and purification as well.

[6067] Although the schemes below illustrate specific starting materials and products,
those having ordinary skill in the art will understand that many substitution patterns
can be made using known methods and materials in combination with the teachings

hereln.
Phenothiazine Core

5.0.1.1 Di-(2-tolylamine)

[0068] Heated glassware then allowed to cool to room temperature under argon.
Added Pda{dba); (1.39 g, 1.52mmol, 1.0 mol %} or Pd(dba)s (1.38 g, 2.4 mmol, 1.4mol %},
2-{di-tert~-butylphosphino)biphenyl (1.09 g, 3.65 mmol, 2.4 mol %), 2-bromotoluene (40 mL,
332.1mmol) or 2-chloretoluene (39 mL, 332.1 mmol), lithiumamide {3.47 g, 151.1 mmol,
45 mol %}, sodium t-butoxide 29.5g,297.7 mmol, 90 mol %}, then toluene (150 mL).
Heated at 80°C under argon 4.5 h to overnight; let cool to room temperature. Di-
luted with diethyl ether, then filtered through a pad of celite. Concentrated the
resulting filtrate in vacuo. Used in the next reaction without purification. Alter-
natively, purify the resulting residue by Isco column chromatography in hexane to
give the product as white crystals with a yellow tint (23.4g,118.6 mmol, 72 % yield).
Alternatively, for purification, perform repeated crystallizations of the residue from
hot isopropanol or acetone/isopropanol to obtain product. For anocther alternative
purification, dissolve residue indichloromethane and put through silica plug with hex-
ane rinses followed by hexane containing about 1% dichloromethane. Collected the

filtrates and concentrated them to obtain yellow-white solids as product.

5.0.1.2 1,9-dimethyl-10H-phenothiazine

[0069! Put di(2-tolyl)amine (11.7g, 59.3mmol) in a 3-neck 100ml round-bottom
flask. Added elemental sulfur (3.9g, 121.65mmol, 2 eq.), crushed iodine (0.44 g,
1.73 mmol, 3mol %), then o-dichlorobenzene (22ml). Added an outlet to a dilute

3¢



WO 2011/137447 PCTUS2011/4034818

bleach solution {for hydrogen sulfide evolution) then put under argon. Refluxed at
180°C for 4h. Remove solvent under reduced pressure. Purifled with Isco column
chromatography using 2% ethyl acetate/98% hexane. Obtained product as white
crystals (2g, 8.8 mmol, 15% yield). Alternatively, put di(2-tolyljamine (either pu-
rified or impure from the aforementioned reaction; 8.9525¢, 45.3mmol) in a round
bottom flask. Added elemental sulfur (2.98g, 92.9mmol, 2 eq.) then crushed io-
dine (3.28 g, 12.9mmol, 28 % mol). Added an outlet to a dilute bleach solution (for
hydrogen suifide) then put under argon. Stirred at 210°C for 30 min or until no start-
ing material was present hy LC/MS. Allowed the reaction cool to about 60°C then
add hexane for extraction. Repeat hot hexane extractions (at least one overnight;
minimum time of half an hour for each extraction) of reaction until product was
no longer seen in residue (about 4 times), Combined hexane extractions and con-
centrate in vecuo. Purified resulting residue either through repeated repeated hot
hexane/ethanol or isoproponal crystallizations, hot acetone/isopropancl erystalliza-
tions (or triturations) or Isco column chromatography using 2% ethyl acetate/98 %

hexane to obtain product as white crystals (2.92¢, 12.8 mmol, 28 % yield).

5.0.1.3 1, 9-Dimethoxy-10H-phenothiazine
[0070] Procedures the same as above, but used 2-chloroanisole instead of 2-bromotol-

uene or 2-chlarotoluene in the initial step.

5.0.1.4 1-Isopropyl-9-methyl-10H-phenothiazine
|0071] Procedures the same as Examples above, but used 2-bromocumene and 2-
bromotoluene instead of just 2-bromotoluene or just 2-chlorotcluene in the initial

step.

5.0.1.3 1-Cyano-10H-phenothiazine

[0072] Prepared 1-cyanophenothiazine as described in the literature starting from 2-
aminobenzenethio! (2.1 mkL, 2.46 g, 20 mmol), 2,3-difluorobenzonitrile (1.9 ml., 2.83 g,
20 mmol), and sodium hydride (1.09g, 27.3 mmol) in 10 mL of DMF. After crystal-
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lizing from dichloromethane-ethanol, obtained I-cyanophenothiazine as a dark yeliow

powder (1.342 g, 6 mmol, 30 % yield).

5.0.1.6 1-(1H-Tetrazol-5-yl)-10H-phenothiazine

‘0073] Prepared 1-(1H-tetrazol-5-y!)-phenothiazine as described in the literature start~
ing from 1-cyanophenothiazine {200 mg, 0.891 mmol), sodium azide (308 mg, 4.74 mmol,
5.8 egs.), then ammonium chloride (254 mg,4.75 mmol, 5.3 egs.) in DMF (10mL) at
120°C overnight. Added dilute aqueous phosphoric acid {pH 1) until flufly white
or vellow precipitate stopped appearing. Rinsed with deionized water until neutral
then dried the resulting yeilow precipitate overnight under vacuum to obtain prod-
uct (162.8 mg, 0.609 mmol, 68 % yield). Used in the next reactions without further

purification.

5.0.1.7 4-Carboxy-1,9-dimethylphenothiazin-3-ium tetraiodide hydrate
10074] Procedure the same as above, but used 1,9-dimethylphenothiazine-4-carboxylic

acid, instead of 1,9-dimethylphenothiazine.

Activated Phenothiazines

5.0.1.8  3,7-Dibromo-1,8-dimethyl-10H-phenothiazine

{0075] Bromination performed as described in the literature starting from dimethylphe-
nothiazine (instead of phenothiazine) (1.008g, 4.4 mmol), acetic acid (36 mL), and
bromine {0.57mL, 1.77g, 11.1mmol, 2.5 egs.} in acetic acid {4mL). Performed
workup as described in the literature using sodium sulfite {1.12g, 8. 9mmol, 2 egs.)
then after 20 min, deionized water (1 mL). Dissclved potassium hydroxide {680 mg,
12.11mmol, 2.75 egs.) in 50mL of deionized water and brought the volume up to
100mL with ice. Added the above reaction mixture to get a gray precipitate and
stirred for 2h to overnight. Filtered off the gray precipitate, rinse with more deion-

ized water, then dried overnight under vacuum to obtain product as a dark gray solid

without further purification (1.6g, 4.15mmol, 94 % yield).
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5.0.1.9 3,7-Dibromo-1-(1H-tetrazol-5-y1)-10H-phenothiazine
{0076] Procedure the same as above, but used 1-(1H-tetrazol-5-y1)-10H-phenothiazine

instead of 1,9-dimethylphenothiazine.

3.0.1.10 ftert-Butyl 3,7-dibromo-1,9-dimethyl-10H-phenothiazine-10-car-
boxylate

(0077} Performed as described in the literature. Alternatively, added crushed DMAP
(316 mg, 2.59 mmol) followed by acetonitrile {(§ mL) to 3,7-dibromo-1,9-dimethyl-10H-
phenothiazine (1.6 g, 4.15 mmol}. The suspension was heated to 85°C then crushed
Boey( was added (1.9g, 8.5mmol, 2 eqs.) dissolved in acetonitrile (2mL). Refluxed
overnight. Filtered off precipitate, dissolved in dichloromethane, extract with diluted
2 N phosphoric acid (pH = 2) once, then with deionized water until neutral (4x).
Simultanecusly, added water to the remaining filtrate and repeated the same extrac-
tion sequence. Alternatively, removed solvents under vacuum from the filtrate and
performed the above extraction sequence on the resulting residue. Dry organic iayers
over sodium sulfate then remove solvent under vacuum. Dissolved in acetone then
add isopropanol until precipitate appeared. Alternatively, purified using flash silica
gel chromatography. Obtained product as mauve or pale green precipitate (1.25g,

2.58 mmol, 62 % yield).

5.0.1.11 tert-Buty! 3,7-dibromo-1-(1H-tetrazol-5-y1)-10H-phenothiazine-
10-carboxylate
[0078] Procedure the same as above, but used 3,7-dibromo-1-{1H-tetrazol-5-y1}-10H-

phenothiazine instead of 3,7-dibromo-1,9-dimethyl-10H-phenothiazine.

Sunfonylpiperazinyl Phenothiazines
5.0.1.12 HCI Salt of 1-(isopropylsulfonyl)piperazine

10079] At 0°C to —10°C, mixed Boc-piperazine {7.3541 g, 38.695 mmol} with DIPEA
(12.58 mL, 71.86 mmol) in dichloroethane (DCE) for deprotonation. Mixed propane-
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2-sulfonyl chloride (5 ml, 42.3 mmol) with DCE(40mL) and added dropwise to the
iced piperazine mixture. Once addition was complete, removed the ice bath and
stirred at room temperature, checking reaction by TLC and LC/MS. Once the reac-
tion was completed, added ethyl acetate and filtered off the resulting white crys-
tals (the DIPEA-HCI salt). Took the remaining ethyl acetate solution and ex-
tract with 1M aqueous HC! (once), then saturated aqueous sodium bicarbonate
{once), then brine until neutral {twice). Dried the resulting ethyl acetate layer over
sodium sulfate then removed solvent. Dried under vacuum overnightto obtain the
Boc-protected sulfonylpiperazine as an orange white solid (10.4 g, 35.57 mmol, 92%
yieid). Without further purification, added the above Boc-protected sulfonylpiper-
azine (10.4g35.57 mmol} to DCE (40mL) followed by an equal volume of 4M in
dioxane (40ml). Stirred overnight. Once the reaction appeared complete by TLC
and LC/MS, filtered off the resulting precipitate and rinse with cold dichloromethane
until it was less acidic. Dried under vacuum overnight to obtain product as an off-
white precipitate (as the HCI salt,7.85 g, 34.32 mmel, 96 % yield). Used in subsequent

reactions without further purification.

5.0.1.13 HCI Salt of 1-(2,2,2-trifluoroethylsulfonyl)piperazine
[0080] Procedure the same as above, but used 2,2,2-trifluoroethanesulfonyl chloride

instead of propane-2-sulfonyl chloride.

Derivatives of Methylene Blue

5.0.1.14 1,9-Dimethoxy-3,7-bis(4-methylpiperazin-1-yl)phenothiazin-5-ium
bromide

|0081] Performed the reaction as described in the literature starting with 3,7-dibromo-
1,9-dimethoxyphenothiazin-5-ium bromide (750 mg, 1.54 mmol}, N-methylpiperazine
(0.848 mL, 7.7mmol) and chloroform (35 mL}. Purified using flash silica gel chro-

matography to obtain product as a dark blue residue (35rg, .65 mmol, 4 % yield).
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5.0.1.15 3-(4-(tert-Butoxycarbonyl)piperazin-1-yl)-7-(diethylaminc)-2-me-
thoxyphenothiazin-5-ium bromide and 3,7-bis(4-(tert-butoxycarbonyl) pip-
erazin-1-y1)-2-methoxyphenothiazin-5-ium bromide:

{0082 Procedure the same as above, but used 3,7-dibromo-2-dimethoxyphenothiazin-
5-ium bromide, instead of 3,7-dibromo-1,9-dimethoxyphenothiazin-F-ium bromide

and diethylamine and N-Boc-piperazine simultaneously, instead of N-methylpiperazine.

5.0.1.16 3-(Dimethylamino}-1,9-dimethyl-7-(4-methylpiperazin-1-yl)phe-~
nothiazin-5-ium iodide and 1,9-dimethyl-3,7-bis(4-methylpiperazin-1-yl)-
phenothiazin-5-ium iodide

[0083] Performed the reaction as described in the lterature starting with the dime-
thylphenothiazinium salt (3.18g, 4.22 mmol) in chloroform (152mL) and N-methyl-
piperazine (0.95mL, 8.63mmol). Reaction progress was monitored via LC/MS and
TLC. Once newly formed precipitate was filtered off or the solvent removed under
vacuur, the resulting iodide salt was stirred with ether or hexane overnight to remove
excess amine then refiltered. After pumping down under vacuum, a dark precipitate
was obtained as an intermediate. Without further purification, performed the 274
amine addition with dimethylamine (2 M in THF; 2.11 mL, 4.22 mmol) and methanol
(115mL}, as described in the. Alternatively, acetonitrile was used as the solvent in-
stead of methanol and the addition of the amine was alternated with the addition
of the solvent. Progress was monitored via LC/MS and TLC. Used flash silica gel
chromatography to obtain unsymmetrical product as a blue solid {1.04 g, 2.10 mmol,

50 % yield) and the symmetrical dipiperazine as by-product.

5.0.1.17  3-(4-(tert-Butoxycarbonyl)piperazin-1-y1)-7-{(dimethylamino)-1,9-
dimethylphenothiazin-5-ium iodide, 3,7-bis(4-(tert-butoxycarbonyl)piperazin-
1-y1)-1,9-dimethylphenothiazin-5-ium lodide, and 3-(dimethylamino)-1,9-
dimethyl-7-(piperazin-1-yl)phenothiazin-5-ium 2,2,2-trifluoroacetate

[0084] Performed the reaction as described above, but used tert-buty] piperazine-

l-carboxyiate (instead of N-methvlpiperazine) in the 1% step with chloroform and
3 Yipip P

44



WO 2011/137447 PCT/US2011/634818

dimethylamine (2 M in THF) for the 2™ step in the more polar solvent. Dissolved
some of the asymmetrical adduct (37 mg, 0.063 mmol) in dichloromethane (1-1.5mL}.
Added TFA (0.5-1mL, up to 13.5 mmol). Stirred for 24 h to 72h. Removed solvent
under vacuum. Purified via flash silica gel chromatography. Obtained product as a

dark blue-green residue (10mg, 0.021 mmol; 34 % yield).

5.0.1.18 3-(Butyl(methyl)amino)-7-{4-(2-methoxyethyl)piperazin-1-yl)-1,9-
dimethylphenothiazin-5-ium jodide and 3,7-bis[4~(2-methoxyethyl)piperazin-
1-yl]-1,9-dimethyl-phenothiazin-5-ium iodide

{0085 Performed the reaction as described above, but used 1-{2-methoxyethyl}-
piperazine {instead of N-methylpiperazine) in the 1% step with chloroform and N-
methylbutan-1-amine, (instead of dimethylamine), for the 2™ step in the more polar

solvent.,

5.0.1.19  3-(4-(Cyclopropylsulfonyl)piperazin-1-y1)-7-(dimethylamino)-1,9-
dimethvlphenothiazin-5-ium iodide

10086] Performed the reaction as described above, but used 1-(cyclopropylsulfonyl)-

piperazine hydrochloride salt and excess triethylamine {instead of N-methylpiperazine)

in the 1°¢ step with chloroform.

5.0.1.20 3-(Dimethylamino)-7-{4~(isopropylsulfonyl)piperazin-1-v1)-1,9-di-
methyiphenothiazin-5-iuwm iodide

[0087] Performed the reaction as described above, but used 1-(isopropylsulfonyl)pip-
erazine hydrochloride salt and excess triethylamine (instead of N-methylpiperazine)

in the 1°% step with chloroform. Product precipitates out of the reaction.

5.0.1.21 3-(Azetidin-1-yl)-7-(4~(isopropylsulfonyl) piperazin-1-y1)-1.8-dime-
thylphenothiazin-5-ium iodide
[0088] Performed the reaction as described above, but used 1-(isopropylsulfenyl)pip-

erazine hydrochloride salt and excess triethylamine (instead of N-methylpiperazine)
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in the 1% step with chloroform and azetidine hydrochloride salt with excess triethy-

lamine (instead of dimethylamine) for the 2° step in the more polar solvent.

5.0.1.22 3-(Dimethylamino)-1,9-dimethyl-7-(4-(2,2,2-trifluoroethylsulfon-
yl)piperazin-1-yl)phenothiazin-5-ium iodide

[0089] Performed the reaction as described above, but used 1-(2,2,2-trifluoroethylsul-
fonyl)piperazine hydrochloride salt and excess triethylamine {instead of N-methyl-

piperazine) in the 1°f step with chloroform.

5.0.1.23 1,9-Dimethyl-3-(pyrrolidin-1-y1)-7-(4-(2,2,2-trifluoroethylsulfon-
yvl)piperazin-1-yl)phenothiazin-5-ium iodide:

[0090] Performed the reaction as described above, but used 1-(2,2,2-trifluoroethyisul-
fonyl)piperazine hydrochloride salt and excess triethylamine (instead of N-methylpip-
erazine} in the 1 step with chloroform and pyrrolidine (instead of dimethylamine)

for the 2™ step in the more polar solvent.

5.0.1.24 1,9-Dimethyl-3-morpholino-7-(4-sulfamoylpiperazin-1-yl}pheno-
thiazin-5-ium iodide

[0091] Performed the reaction as described above, but used piperazine-I-sulfonamide
hydrochloride sall and excess triethylamine (instead of N-methylpiperagine) in the
1 step with chloroform and morpholine (instead of dimethylamine} for the 2 step

in the more polar solvent (50:50 methanol:acetonitrile).

3.0.1.28  1,9-Dimethyl-3,7-bis(4-sulfamoylpiperazin-1-yl)phenothiazin-5-
ium ioide, 3-((2R,68)-2,6-dimethylmorpholino)-1,9-dimethyl-7-(4-sulfam-
oylpiperazin-1-yl)phenothiazin-5-ium iodide, and 3-((2R,6R)-2,6-dimeth-
ylmorpholino)-1,9-dimethyl-7-(4-sulfamoylpiperazin-1-yl) phenothiazin-5-
inm iodide

[0092] Performed the reaction as described above, but used piperazine-1-sulfonamide

hydrochloride salt and excess triethylamine (instead of N-methylpiperagine) in the 1%
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step with chioroform and 2, 6-dimethylmorpholine (cis and trans isomers), instead of
dimethylamine, for the 2™ step in the more polar solvent (50:50 methanol:acetonitrile).
The symmetrical dipiperazine adduct precipitated out. The asymmetrical adducts

were isolated via preparatory TLC plates.

5.0.1.26 3,7-Di(1,4-diazepan-1-yi)-1,9-dimethylphenothiazin-5-ium iodide

{0093] Performed the reaction as described above, but used tert-butyl 14-diazepane-
l-carboxylate (instead of N-methylpiperazine} in the 1# step with chloroform and
more tert-butyl 1,4-diazepane-I-carboxylate (instead of dimethylamine) for the 27
step in the more polar solvent. Dissolved the isolated Boc protected adduct in
dichioromethane. Added 2% hydroiodic acid. Stirred until complete by TLC and

LC/MS. Removed solvent under vacuum. Obtained product as a dark blue residue.

5.0.1.27 4-Carboxy-3-(dimethylamino)-1,9-dimethyl-7-{4-methylpiperazin-
1-y1)phenothiazin-5-ium iodide:
[0094] Performed the reaction as described above, but used the 4-carboxy-1,9-dimeth-

ylphenothiazin-5-ium salt instead of the dimethylphenothiazinium salt.

5.0.1.28 4-Carboxy-7-(dimethylamino}-1,8-dimethyl-3-(4-methylpiperazin-
1-yl}phenothiazin-3-ium iodide:

{0095] Performed the reaction as described above, but added dimethylamine (2 M

in THF} in the 1°* step with chloroform (instead of N-methylpiperazine) and added
N-methylpiperazine {instead of dimethylamine) for the 27 step in the more polar

solvent.

5.0.1.28  3-(4-(Cyclopropylsulfonyl)piperazin-1-y1)-7-(dimethylamino)-1-
isopropyl-8-methylphenothiazin-5-ium iodide:
[0096] Performed the reaction as described above, but used the l-isopropyl-9-meth-

vlphenothiazin-5-ium salt instead of the dimethylphenocthiazinium salt.
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5.0.1.30 3-Amino-7-(4-isopropylpiperazin-1-yI)-1,9-dimethylphenothiazin-
5-ium iodide

[0097] Performed the reaction as described in the literature starting with the di-
methylphenothiazinium salt (0.1017g, 0.135mmol) in chloroform {(5mlL) and N-
isopropyipiperazine (0.039mL, 0.267 mmol). Reaction progress was monitored via
LC/MS and TLC. Once newly formed precipitate was filtered off or the solvent
removed under vacuum, the resulting iodide salt was stirred with ether or hexane
overnight to remove excess amine then refiltered. Without further purification, added
dioxane to the intermediate (2mL) followed by an equal volume of 8N KOH then a
few more drop of deionized water. Heated reaction to 70°C and stirred for 1.5h,
until the intermediate was consumed as monitored by TLC. Removed the bottom
aqueous layer, then removed the remaining organic solvent under vacuum. Dis-
solved in dichloromethane and extracted with deionized water until neutral. If there
was only one layer, removed the solvent under vacuum. Purified using fash silica
gel chromatography and isolated this by-product as a dark blue-purple =olid (4mg,
0.008 mmol, 3% yield).

5.0.1.31 3-Amino-1,9-dimethyl-7-(4-(methylsulfonyl)piperazin-1-yl)pheno-
thiazin-5-ium iodide:

[0098] Performed the reaction as described above, but used 1-(methylsulfony!)piperazine
(instead of N-isopropylpiperazine).
5.0.1.32  3-Amino-1,9-dimethyl-7-(4-(triylfluoroylmethylsulfonyl) piperazin-
1-ylyphenothiazin-5-ium iodide:

(0099} Performed the reaction as described above, but used 1-(2,2,2-trifluorocethylsul-

fonyl)piperazine hydrochloride salt and excess triethylamine N-isopropylpiperazine).
5.0.1.33 3-Amino-7-(4-(isopropylsulfonyl)piperazin-1-y1}-1,8-dimethylphe-

nothiazin-5-ilum iodide

[0100] Performed the reaction as described above, but used 1-(isopropylsulfonyl)piperazine
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hydrochioride salt and excess triethylamine N-isopropylpiperazine).

5.0.1.34 tert-Butyl 3-(bis{(2-methoxyethyl)amino)-1,9-dimethyl-7-(4-(meth-
visulfonyl)piperazin-1-yl)-10H-phenothiazine-10-carboxylate and tert-butyl-
1,9-dimethyl-3,7-bis(4-(methylsulfonyl)piperazin-1-yl)-10H-phenothiazine-
10-carboxylate:

[0101] Performed the reaction as described in the literature except. used tert-butyl 3,7-
dibromo-1,9-dimethyl-10H-phenothiazine-10-carboxylate {instead of the phenothiazine
derivative; 350 mg, 0.722 mmol), I-(methylsulfonyl)piperazine (instead of phenoth-
iazine; 118.6 mg, 0.722mmol) for the 1% amination, bis{2-methoxyethyl)amine (in-
stead of phenothiazine; 0.106 mL, 0.724 mmol) for the 2"¢ amination, cesium carbon-
ate (instead of sodium ¢-butoxide; 823 mg, 2.5 mmol), BINAP as the ligand (instead
of tri-t—butylphosphine; 19 mg, 0.0305 mmol), either toluene or m-xylene (instead of
o-xylene; Smb) at 90°C to —100°C for 2h during the 1* amination, and m-xylene
(instead of o-xylene; 5mL} for the 2™ amination. The 2"¢ amination was performed
with or without purification and isolation after the first amination. Progress of the
reaction is monitered by TLC and LC/MS. The final product(s) were purified using
flash silica gel chromatography. The asymmetrical adduct was obtained as the main
product (139mg, 0.224 mmol, 31 % yield) and the symmetrical dipiperazine adduct

(83 mg, 0.127 mmol, 18% yield} was obtained as a minor by-product.

5.0.1.35 tert-Butyl 3-(bis(2~-methoxyethyl)amino)-7-(4-isopropylpiperazin-
1-y1)-1,9-dimethyl-10H-phenothiazine-10-carboxylate and tert-butyl 3,7-
bis(4~isopropylpiperazin-1-yl)-1,9-dimethyl-10H-phenothiazine-10-carbox-
yiate:

[0102] Performed the reaction as described above, but used N-isopropylpiperazine

(instead of I-(methylsulfonyl)piperazine) for the first amination.

5.0.1.36  3-(Diethylamino)-1,8-dimethyl-7-(4-(methylsulfonyl)piperazin-1-
yl}phenothiazin-5-ium bromide and 3-(diethylamino)-1,9-dimethyl-7-(pip-
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erazin-1-yl)phenothiazin-5-ium bromide:

0103] Performed the amination reactions as described above, but used diethylamine
{instead of bis(2-methoxyethyl)amine} for the 2"¢ amination. To remove the Boc
protecting group, put the resulting asymmetrical adduct (103.3mg, 0.225 mmol) in
dichloromethane (1.5 mL), followed by an equal volume of 48 % aqueous HBr (1.5 mL}.
Monitored by TLC and LC/MS. Removed solvent under vacuum. Dissclved in chle-
roform:methanol (3:1) or dichloromethane then extracted with deionized water until
neutral. Extracted the first agueous layer with chlorofornumethancl (3:1). Combined
the resulting organic layers, extract with deionized water until neutral, then removed
the resulting crganic solvents under vacuum again. Purified using flash silica gel
chromatography. Obtained product as a blue solid {26.4 mg, G.048 mmol, 22 % yield)
and an adduct without the sulfonyl group on the piperazine (3.0 mg, 0.006 mmol, 3%

yield) as a blue solid by-product.

5.0.1.37 3-(Dicthylamino)-7-(4-isopropylpiperazin-1-yl}-1,9-dimethyiphe-
nothiazin-5-ium bromide and 3,7-bis(4-isopropylpiperazin-1-yl)-1,9-dime-
thylphenothiazin-5-ium bromide

[0104] Performed the reactions as described above, but used N-isopropylpiperazine
{instead of 1-(methylsulfonyl)piperazine) for the first amination. Obtained both the
expected asymmetrical adduct and the svmmetrical dipiperazine by-product in near

equal proportions. Boc removal was performed on both adducts.

5.0.1.38  3-(Diethylamino)-7-(4-isopropylpiperazin-1-y1}-1,9-dimethylphe-
nothiazin-5-ium 2,2,2-triffuoroacetate and 3,7-bis(4-isopropylpiperazin-1-
y1)~1,8-dimethylphenothiazin-8-ium 2.2,2-trifluoroacetate:

[0105] Performed the reactions as described above, but used trifluoroacetic acid (TFA)
(instead of 48 % agueous HBr). Obtained both the expected asymmetrical adduct and

the symmetrical dipiperazine by-product in near equal proportions.
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5.0.1.39 1-tert-butyl-3,7-di(1,4-diazepan-1-yl1)-9-(1H-tetrazol-5-yl)pheno-
thiazin-3-ium 2,2,2-trifluoroacetate

[0106] Performed the reactions as described above, but used tert-butyi-3,7-dibromo-1-
(1H-tetrazol-5-yl)-10H-phenothiazine-10-carboxylate (instead of tert-butyl 3,7-dibromo-
1,9-dimethyl-10H-phenothiazine-10-carboxylate), tert-butyll,4-diazepane-1-carboxylate
for both amination steps, TFA (instead of 48 % aquecus HBr) for the removal of the
Boc protecting groups. The expected product was not obtained but thet-butylated

adduct was isolated.

5.0.1.40 Phenothiazin-5-tum iodide

[6107] This compound was prepared according the procedure by B. Wilson et. al,
Tetrahedron 64 {2008), 3429-3436. To the solution of 10H-phenothiazine in anby-
drous chloroform (22ml), at 5°C, surmounted with an addition funnel was added
the solution of jodine (2.4g,9.40mmol) in CHCl; (55 mL) over a 1h period. The
resulting dark solution was stirred for an additional 1h at 5°C monitored by TLC.
After the disappearance of the starting material, the cooling bath was removed, solid
precipitate was filtered, washed several times with chloroform, dried, to afford a very

dark solid.

5.0.1.41 3,7-Dibromophenothiazin-5-ium bromide

[0108] Commercially available phenothiazine (2.00g, 10.00mmol) was dissolved in
AcOH (120 mL) and a solution of Brs (10.0mL) in AcOH (100mL, 10% v/v, 195 mmol)
was added all at once with vigorous stirring for 1.0min. To this sclution was added
400mL of HyO and the red precipitate was filtered, washed with EtoO, and dried

under vacuum to give 4.09g of a dark solid for a 94 % yield.

5.0.1.42 1-Chlorophenothiazine

[0109] This compound was prepared according to a procedure by A. R. Katritzky
et al., Synthesis, 1988, 215-217. To a solution of phenothiazine (10.0 g, 50.18 mmol)
in anhydrous THF (200mL) and cooled to —78°C was added a solution of n-Buli
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(24.1mL, 60.2mmol, 2.5M in hexanes) dropwise. The mixture was stirred until a
vellow precipitate formed, and then allowed to warm to room temperature, until a
clear yellow solution resulted. The solution was again cooled to —78°C and CO, gas
was bubbled through the mixture for 5min. The resulling solution was allowed to
warm to RT and the solvent was evaporated to give a residue. The residue was again
dissolved in anhydrous THF (200 mL) and cooled to —78°C, before t-Buli (50mL,
85mmol, 1.7M in pentane) was added dropwise. The resulting mixture was allowed
to warm to —20°C and was stirred at this temperature for 2h. The reaction mixture
was again cooled to —78°C and a solution of hexachloroethane (100 mmol) in THF
(B0 mL) was added dropwise. The mixture was stirred at this temperature for 1
hour then allowed to warm fo —20°C and stirred for 2h. The reaction mixture was
guenched with ice cold 1N HCL and extracted with EtOAC. The combined organic
layers were washed with brine, dried over MgSOy, filtered and evaporated to give a
residue. The residue was purified by flash silica gel chromatography to give of an

beige solid.

5.0.1.43 1-Chlorophenothiazin-5-ium Iodide

[0110] 1-Chlorophencthiazine (664 mg, 2.84 mmol) was dissolved in CHCly (50 mL)
and cooled to 5°C. The solution was stirred as a solution of Iy (2.16 2,8.51 mmol)
dissolved in CHCly (10mbL) was added dropwise . The mixture was stirred at 5°C
overnight and allowed to warm to RT. The solvent was evaporated to dryness. The
residue was stirred in Bt 0 and was filtered off and washed with Et.O until the filtrate

was colorless. The dark solid was dried under vacuum and used without purification.

3.0.1.44 1-FEthylphenothiazine

[0111] This compound was prepared according to a procedure by A. R. Katritzky
et al., Synthesis, 1988, 215-217. To a solution of phenothiazine {10.0g, 50.18 mmot)
in anhydrous THF (200mlL) and cooled to —78°C was added a solution of n-BuLi
(24.1 mb, 60.2 mmol, 2.5 M in hexanes) dropwise. The mixture is stirred until a yellow

precipitate forms and then allowed to warm to room temperature, until a clear yellow
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solution results. the solution is again cooled to —78°C and CO, gas is bubbled
through the mixture for 5min. The resulting solution is allowed to warm to RT
and the solvent was evaporated to give a residue. The residue was again dissolved
in anhydrous THE (200mL) and cooled to —78°C, before t-Buli (50mL, 85 mmol,
1.7M in pentane) was added dropwise. The resulting mixture was allowed to warm to
~20°C and was stirred at this temperature for 2h. The reaction mixture was again
cooled to ~78°C and a solution of ethyl iodide (100.0mmol) in THF {50 mL) was
added dropwise. The mixture was stirred at this temperature for 1 hour then allowed
to warm to —20°C and stirred for 2h. The reaction mixture was quenched with ice
cold IN HCI and extracted with EtOAc. The combined organic layers were washed
with brine, dried over MgSQy, filtered and evaporated to give a residue. The residue

was purified by flash silica gel chromatography to give the dsired product.

5.0.1.45 1-Ethylphenothiazin-5-ium lodide

[0112] 1-Ethylphenothiazine (664 mg, 2.84 mmol) was dissolved in CHCl; {50 L) and
cooled to 5°C. The sclution was stirred as a solution of I[; (2.16 g,8.51 mmol) dissclved
in CHCl; {10 ml.) was added dropwise . The mixture was stirred at 5°C overnight
and allowed to warm to IRT. The solvent was evaporated to dryness. The residue was
stirred in Et;O and was filtered off and washeded with Et.O until the filtrate was

colorless. The dark solid was dried under vacuum and used without purification.

5.0.1.46 2-(Trifluoromethyl)phenothiazin-5-ium iodide

[0113] Commercially available 2-Triflucromethylphenothiazine (1.14g, 4.28 mmol)
was dissolved in CHCl; (20mL) and a solution of I {3.25 g, 12.84 mmol) in CHCl,
(120mL} was added. The mixture was warmed at 55°C to 60°C until the SM was
consumed (by TLC). The reaction mixture was allowed to cool 1o RT and the solvent
was evaporated. The residue was stirred in Fi,0, filtered off and washed with Et,0

until the filtrate was colorless. The intermediate was used without further purificaion.
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5.0.1.47 3,7-Dibromo-10H-phenothiazine

[0114] Phenothiazine (5.0 g, 25 mmol) was suspended in 200 mL of glacial AcOH Then,
3.3ml Bry ((.63mol) in 200 mL of glacial was slowly added to the reaction mixture
and stirred for 6h at room temperature. The reaction was cooled with an ice bath
and 6.30 grams (50 mmol) of NaySOy was added to the reaction mixture. By adding a
little water (3.0 mL), a deep-violet color formed within three hours. After the addition
of a solution of 4.10g (62 mmol) of KOH dissolved in water (1.0L) a greenish sclid
formed, which was washed with a little cold 2-propanocl. The solid was recrystallized

with 2-propanol to give 7.90 g (88 %) as a green powder.

5.0.1.48 3,7-dibromo-1,9~dichloro-10H-phenothiazine

[0115] The 3,7-dibromophenothiazine {6.25g, 17.5mmol) was dissolved in CHCls
(200 mL) and SO.Cly {3.13ml, 38.5mmol} was added dropwise over 15min. The
dark mixture was stirred at RT for 26 . The mixture was then filtered and the solid
washed with CHCls. The solid was collected and stirred in Et;0 and the resulting
green solid was filtered off and dried under vacuum to give a quantitative yield of the

desired product.

5.0.1.49 tert-But yl-3,7-dibromo-~1,9-dichloro-10H-phenothiazine-10-car-
boxylate

[0116] The 3,7-dibromo-1,9-dichloro-10H-phenothiazine (10,00 g, 23.47 mmol) was sus-
pended in CHzCN (200 mL) and DMAP (2.87g, 23.47mmol)} was added. The mix-
ture was heated at reflux {near 85°C)} and BocoO (15.16g, 70.41 mmol) dissolved in
CH3CN (50mL) was added dropwise over 1h. The reaction mixture became homo-
geneous and turned brown. The reaction was allowed to cool o RT and the solvent
was evaporated. The residue was purified by flash silica gel chromatography to give

a 95 % yield.

5.0.1.50 Di-ortho-tolylamine

{0117} The roundbottom flask was heated then allow to cool to room temperature
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under argon. Add Pdg(dba)s (1.39g, 1.52mmoles, 1.0mol %) or Pd{dba), (1.38¢,
2.4 mmol, 1.4mol %), 2-{di-tert-butylphosphine)biphenyl (1.09 g, 3.65 mmol, 2.4 mol %),
2-bromotoluene (40 mkL, 332.1 mmoles) or 2-chlorotoluene (39 mL, 332.1 mmoles), lithiam
amide (3.47 g, 151.1 mmol, 45 mol %), sedium t-butoxide 29.5 g, 297.7 mmoles, 90 mol %},
then toluene (150 mL}. Heat at 80°C under argon overnight. Let cool to room temper-
ature. Diluted with diethyl ether then filtered through a pad of celite. Concentrated
the resulting filtrate én vacuo. Used in the next reaction without purification. Puri-

fied the resulting residue by column chromatography with hexane to give the product

as white crystals with a yellow tint (23.4g, 1186 mmol, 72% vield).

5.0.1.51 1,9-dimethyl-10H-phenothiazine

{0118} Put di{2-tolyl)amine (11.7 g, 59.3 mmol) in a 3-neck 100 mL round-bottom flask
and added elemental sulfur (3.9g, 121.65 mmoles, 2 eq.), crushed iodine (0.44¢g, 1.73
ramoles, 3 mole%), then o-dichlorobenzene (22mL). Added an outlet to a dilute
bleach solution (for hydrogen sulfide evolution} then put under argon. Refluxed at
180°C for 4h. Removed solvent under reduced pressure. Purified with column chro-
matography using 2 % ethyl acetate /98 % hexane to obtain product as white crystals
(2g, 8.8mmoles, 15% yield). (Alternatively, put di(2-tolyl)amine (either purified or
impure from the aforementioned reaction; 8.9525 g, 45.3 mmoles) in a round bottom
flask. Added elemental sulfur (2.98 g, 92.9 mmoles, 2 eq.) then crushed iodine (3.28 ¢,
12.9 mmoles, 28% mole). Added an outiet to a dilute bleach solution (for hydrogen
sulfide) then put under argon. Stirred at 210°C for 30 min or until no starting mate-
rial was present by LC/MS. Let the reaction cool to about 60°C then added hexane
for extraction. Repeated hot hexane extractions (at least one overnight; minimum
time of half an hour for each extraction) of reaction until product was no longer seen
in residue (about 4 times), Combined hexane extractions and concentrate in vacuo.
Purified resulting residue either through repeated hot acetone/isopropanol crystalliza-
tions {or triturations) or Isco column chromatography using 2% ethyl acetate/98 %

hexane to obtain product as white crystals (2.92g, 12.8 mmoles, 28 % vield).)
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5.0.1.52 1,9-dimethylphenothiazin-5-ium

[0119] 1,9-Dimethylphenothiazine {4.203g, 18.49mmol) was dissolved in 130ml of
chloroforin and crushed iodine (14.1g, 55.556 mmol, 3 egs.) in 520mL of chloroform
was added over a period of 1.Bh to 2h. Stirred for 1h to 4h. Once newly {ormed
precipitate was filtered off or the solvent removed under vacuum, the resulting iodide
salt was stirred with ether or hexane (sometimes overnight) to remove excess iodine
then refiltered. After pumping down under vacuum, a brown precipitate was obtained

as product (12.6 g}

5.0.1.53 N-{2-ethylphenyl}acetamide
{0120] To the stirred solution of commercially available ethyl aniline (20.3 g, 167.5 mmol,
1 eq.) in anhydrous pyridine (90 mL}, 0°C, under argon was added acetic anhydride

(32 mL, 335.04 mmol, 2eq). After the addition, the resulting solution was stirred with

gree), pH adjusted between 4 to 5 with 10 % HCl, and extracted with ethyl acetate
(2xHC0mL). The combined crganics were washed with brine, dried (NaoSOy), filtered

and concentrated to provide the title compound as a white solid.

5.0.1.54 N,N-bis(2-ethylphenyl)acetamide

101211 The mixture of the N-(2-ethylphenyl)jacetamide (7.35 g,

45.03mmol), anhydrous KoCO5 (6.22g, 45.03mmol), copper(I}bromide (452.2mg,
3.15 mmol) in 1-bromo-2-ethylhenzene was stirred and heated to 200 °C under argon
for 48 h.After cooling the reaction mixture was poured into ice-HoO and extracted
with ethyl acetate (2x500mL), the combined organics were washed with brine,dried
over anhydrous KoCOjy), filtered and concentrated to dryness. The crude obtained
was purified on the ISCO machine using the ethyl acetate-hexane gradient to afford

the N.N-bis(2-ethylphenyl)acetamide (8.1 g, 67 %).

5.0.1.55 Bis(2-ethylphenyl)amine
[0122] The N,N-bis(2-ethylphenyl)acetamide {8.1g, 30.30 mmol} and KOH (5g).in

th
&
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EtOH (50mL}, was stirred and heated to reflux overnight. After 20h additional
KOH (10 g) was added, with stirring to reflux continued for an additional 6 h.It was
cooled,poured into HoO {125 mL)and extracted with ethyl acetate {2x 350mbL). The
combined organics were washed with brine, dried {MgS0,), filtered and concentrated

to dryness, affording a dark red oil (5.8 2,5 %).

5.0.1.56 1,9-diethyl-10H-phenothiazine

(0123] The bis{2-ethylphenyl)amine, sulfur and iodine in vial (containing an outlet
for gaseous expulsion) were combined and stirred in a preheated (150°C) heating
block for 15 min. The temperature was increased to 210°C, stirred and heated for
an additional 45min, and cooled. The dark mixture obtained was dissolved with
10% MeOH/CH,Cl,, silica gel added, concentrated and purified by flash silica gel
chromatography using ethyl acetate-hexane gradient to afford the desired product

(40 %).

5.0.1.57 1,9-diethyviphenothiazin-i-ium

\0124] This compound was prepared according the procedure by B. Wilson et. al.,,
Tetrahedron 64 {2008), 3429-3436. To the solution of 1,9-diethyl-10H-phenothiaz-
ine (0.8 g, 3.13mmol) in anhydrous chloroform (22 ml), at 5°C surmounted with an
addition funnel was added the solution of iodine {2.42,9.40 mmol) in CHCl3(55 mL)
over a 1 h period. The resulting dark solution was stirred for an additional 1h at 5°C
as monitored by TLC. After the disappearance of the starting material,the cooling
bath was removed,solid precipitate was filtered, washed several times with chloroform,

dried, to afford a very dark solid (1.02 g,50 %).

5.0.1.38 N-acetyl-o-trifluoromethylaniline
[0125] Commercial o-trifluoromethylaniline (13.5 g, 83.9 mmol} was dissolved in acetic
anhydride (55 mL, 380.0 mmol) and stirred at room temperature for 1h. Then the
reaction mixture was poured into HsO, the whole was extracted with ethyl acetate

2x300mL). The combined organic extracts were washed with 5 % aqueous NaHCO3
& ?
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brine, dried (K;COs3), filtered and concentrated to provide the title compound as a

white solid (15.7g, 92 %).

5.0.1.58 N-Acetyl-2-trifluoromethyldiphenylamine (4)

0126] A mixture of the N-acetyl-O-triftuoromethyl-aniline (6.1g, 30.0mmol), an-
hydrous K;CO;z (4.1g, 30.0mmol), Cul (210mg, 1.1 mmol) and bromobenzene (3)
(16 L, 160 mmol) was stirred and heated at 175°C to 180°C under an Ar atmo-
sphere for 48h. After cooling the reaction mixture was poured into ice-HsO and ex-
tracted with ethyl acetate (2 x 200 mL), the combined organic extracts were washed
with brine, dried over anhydrous K.COj, filtered and concentrated to dryness. The
obtained crude material was purified by flash chromatography (using ethyl acetate-
hexane as an eluent) to afford the N-acetyl-2-triflucromethyldiphenylamine (5.4g,

64 %),

5.0.1.60 2-Trifluoromethyldiphenylamine

10127} A solution of the N-acetyl-2-trifluoromethyldiphenyl-amine (3.5 g, 12.5 mmaol)
in 10 % KOH (2 g, 36 mmol) /EtOH (20 mL} was stirred and reflux for 6 h, then poured
into HpO. The mixture was extracted with ethyl acetate (2 x 100mL). The combined
organic layers were washed with brine, dried (Nay;SOy), filtered and concentrated %o

dryness, gave dark red oil (2.5g, 85 %).

5.0.1.61 1-Trifluoromethyl-10H-phenothiazine

[0128] 2-Triffluoromethyldiphenylamine (1.1g, 4.6 mmol), sulfur (285 mg, 9.2 mmol)
and iodine {328 mg, 1.29 mmol) were added in a vial, which was fitted with a balloon
for discharge. Ahot block was preheated (150°C), the vial was heated on the hot
biock, and after 15 min the temperature was increased to 210 °C; the reaction mixture
was stirred and heated for an additional 45 min and cooled. The dark solid material
was dissolved in mixture methanol/chloroform and purified by flash chromatography

(ethy] acetate-hexane as an eluent) to afford the desired product {450 mg, 36 %).
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5.0.1.62 3,7-Dibromo-1-trifluoromethyl~-10H-phenothiazine

[0129] 1-Trifluoromethyl-10H-phenothiazine (6) (2.10g, 7.85 mmol) was dissolved in
acetic acid (40 mbL} and stirred at room temperature as a solution of bromine (2.52 g,
0.81 mL, 15.7 mmol) in acetic acid (10 mL) was added. The mixture was allowed o stir
overnight at this condition. To this mixture sodium sullite NasSO5 (1.98 g, 15.7 mmol)
and water (2mL) were added. The mixture was stirred at room temperature for 3h.
After that reaction mixture was poured into 100mL of ice-water contained NaOH
(1.28 g, 32mmol). The mixture was stirred overnight and filtered, gave light green

solid (2.84 g, 84 %).

5.0.1.63 3,7-Dibromo-1-trifiuromethyl-10-Boc-phenothiazine

101301 3,7-Dibromo-1-trifiuoromethyl-10H-phenothiazine (2.0g, 4.7 mmol) was sus-
pended in CH3CN (20 mL} and (Boc)20 (3.1 g, 14.2 mmol) and DMAP (0.57 g, 4.7 mmol)
were added. The mixture was warmed to 50°C. After 5min starting material was
dissolved in solvent, CO, was eliminated and solid material formed. After 2h the re-
action mixture was cooled to room temperature. The solid was filtered off and dried

on air (1.83¢, 74 %).

5.0.1.64 3-(Bis(2-methoxyethyl)amino)-7-(4-(tert-butoxycarbonyl)piper-
azin-1-yl)phenothiazin-5-ium iodide

(0131} Phenothiazin-3-ium iodide {400 mg, 0.567 mmol} was dissolved in CHCl; (20mL)
and bis(2-methoxyethyl)amine (0.17mL, 1.13mmol) was added dropwise. The mix-
ture was stirred at RT overnight. The solvent was removed and the material was used
without purification. The salt (200mg, 0.281 mol) was dissolved in MeOH (20 mL)
and a solution of N-Boc piperazine (105 mg, 0.562 mmol) was added. The mixture
was stirred for 24 hrs and the solvent was removed by evaporation. The crude ma-
terial was purified by flash silica gel chromatography to give a dark blue solid of the

the desired product.
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5.0.1.65 3-(bis(2-methoxyethyl}amino)-7-(piperazin-1-yl)phenothiazin-5-
ium-2.2,2-trifluorcacetate

(0132} 3-(Bis{2-methoxyethyl)amino}-7-(4-(tert-butoxycarbonyl) piperazin-1-yl) pheno-
thiazin-5-lum lodide was dissolved in CH2Cly and trifluoroacetic acid {1:1 mixture)
and heated at 50°C for 2 to 4h. The mixture was allowed to cool to RT and the
solvent was evaporated to give a residue, which was purified by flash silica gel chro-

matography. Isolated 15 mg of a dark blue solid as the desired product.

5.0.1.66 T-(4-(tert-butoxycarbonyl)piperazin-1-yl}-1-chloro-3-(diethylam-
ino)phenothiazin-5-ium iodide

[0133] 1-Chlorophenothiazin-5-ium lodide (350 mg, 0.473 mmol) was dissolved in CHCl;
(5 mL) and diethylamine {0.1mL, 1.04 mmol) was added. The resulting mixture was
allowed to stir at RT for 24 h. The solvent was removed and the crude material was
used without purification. The crude material was dissolved in MeOH (5mL) and
1-Boc-piperazine (177 mg, 0.95mmol) was added as a solution in MeOH (2mlL) and
thje mixture was stirred for 24h. The solvent was evaporated and a portion of the

material was purified by prep TLC to give 5.2 mg of a product.

5.0.1.67 1-chloro-3-(diethylamino)-7-(piperazin-1-yl)phenothiazin-5-ium
2,2,2-trifluoroacetate

[0134] The 7-{4-(tert-butoxycarbonyl)piperazin-1-yl}-1-chloro-3-(diethylamino)phenothiazin-
S-ium iodide was dissolved in CHyCly (4 mL) and triflucroactic acid (4 mL) and heated
at70°C overnight. The mixture was allowed to cool to RT and the solvent was evap-

orated to give a residue. The residue was purified by Prep TLC to give 2.2 mg of the

desired product.

5.0.1.68 7-(4-(tert-butoxycarbonyl)piperazin-1-y1)-3-(diethylamino)-1-eth-
ylphenothiazin-5-ium iodide and 7-(4-(tert-butoxycarbonyl)piperazin-1-
y1)-3-(diethylamino)}-1-ethylphenothiazin-~5-ium.

[0135] 1-Ethylphenothiazin-5-ium [odide {350 mg, 0.473 mmol) was dissolved in CHCl;
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(5 mL) and diethylamine (0.1 mL, 1.05 mmol) was added. The resulting mixture was
allowed to stir at RT for 24 h. The solvent was removed and the crude material was
used without purification. The crude material was dissolved in MeOH (5mL} and
I-Boc-piperazine (177 mg, 0.95 mmol) was added as a solution in MeOH (2ml.) and
the mixture was stirred for 24 h. The solvent was evaporated and a portion of the
material was purified by prep TLC to give 4.5 mg of the first isomer and 10mg of the

second isomer.

5.0.1.69 3 3-(diethylamino)-1-ethyl-7T-{piperazin-1-yl}phenothiazin-5-ium
2,2,2-trifluoroacetate and 7-(diethylamino}-1-ethyl-3-(piperazin-1-yl)phe-
nothiazin-3-ium 2,2,2-trifluoroacetate

[0136] Fach of the isomers was dissolved in CHoCly (4mlL) and trifluoroactic acid
(4 mL) and heated at 70°C overnight. Each of the mixtures were allowed to cool to
RT and the solvent was evaporated to give a residue for each isomer. The residue was
purified by Prep TLC to give the two regioisomers. Alternatively, each regioisomer

can be purified separately.

5.0.1.70  3-(bis(2-methoxyethyl)amino)-7-(4-(tert-butoxycarbonyl)piper-
azin-1-yl)-1-ethylphenothiazin-5-ium iodide and 7-(bis(2-methoxyethyl)-
amino)-3-(4-(tert-butoxycarbonyl)piperazin-1-yl)-1-ethylphenothiazin-5-ium
iodide

[0137] 1-Ethylphenothiazin-5-ium iodide was dissolved in CHCly (5ml) and bis-(2-
methoxyethyljamine (0.22ml, 1.5mmol) was added. The resulting mixture was
stirred at RT for 24h. The solvent was evaporated and the residue was dissolved
in DMF (10mL)}, followed by N-Boc-piperazine {250mg, 1.36 mmol} and CsCO,
(665 mg, 2.04 mmol}. The mixture was stirred for 48h at RT. The solvent was evap-
orated and the residue was purified by flash chromatography to give two regioisomer
products (665mg, 2.04 mmol). The mixture was stirred for 48h at RT. The solvent

was evaporated and the residue was purified by flash chromatography to give the

desired product (7mg of the first product and 10mg of the second).
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5.0.1.71 1,9-dichloro-3,7-di(piperazin-1-yl)phenothiazin-5-ium 2,2,2-triflu-
oroacetate

[0138] tert-Butyl 8,7-dibromo-1,9-dichloro- 10H-phenothiazine-10-carboxylate (540 mg,
1.03 mmol) was combined with Pdy(dba)s (27 mg, 0.046 mmol), BINAP (40mg,
0.063 mmol), sodium tert-butoxide (312 mg, 3mmol), N-Boc-piperazine {200 mg,

1.1 mmol), and xylenes (10 mL). The resulting mixture was heated at 140°C for 16 h.
The mixture was allowed to cool to RT and the organic solvent was evaporated to
give a residue which was purified by flash silica gel chromatography to give the 3-
N-Boc piperazine and his 3,7-N,N,-Boc-piperazine products. The bis-Boc-piperazine
compound {20 mg, 0.027 mmol) was dissolved in CHyCly (5ml) and triflucroacetic
acid (5mL) and heated to 70°C or 16 h. The mixture was allowed to cool to RT and
the organic solvent was evaporated to give a residue. The residue was purified by

Prep TLC to give 4.2 mg of the desired product.

5.0.1.72 1,9-dichioro-3-{piperazin-1-yi)-7-(pyrrolidin-1-yl) phenothiazin-5-
ium 2,2,2-trifluoroacetate

[0139] tert-Butyl-7-bromo~3-(4-(tert-butoxycarbonyl)piperazin-1-y1}-1,9-dichloro-4aH-
phenothiazine-10(10aH)-carboxylate (225 mg, 0.356 mmol} was combined with Pdy(dba)s
(13mg, 0.023 mmol), BINAP (19mg, 0.031 mmol), sodium tert-butoxide {145mg,
1.4 mmol), pyrrolidine (45 pL, 0.53 mmol), and xylenes (1GmL). The resulting mix-
ture was heated at 140°C for 16 h. The mixture was allowed to cool to RT and the
organic solvent was evaporated to give a residue which was purified by falsh silica gel
chromatography to give 28 mg of a dark powde. The tert-butyl 3-(4-(tert-butoxycar-
bonyl)piperazin-1-yl}-1,9-dichioro-7-(pyrrolidin-1-y1)-4aH-phenothiazine-10(10all)-car-
boxylate was dissolved in CHCly (5 mL) and triflucrcacetic acid (6 mL) and heated
to 70°C or 16 h. The mixture was allowed to cool to RT and the crganic solvent was
evaporated to give a residue. The residue was purified by Prep TLC to give 10mg of

the desired product.
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5.0.1.73  3-(bis(2-methoxyethyl)amino)-1,9-dichloro-7-(piperazin-1-yl)phe-
nothiazin-5-ium 2,2,2-triflucroacetate

[0140] tert-Butyl 3,7-dibromo-1,9-dichloro-10H-phenothiazine-10-carboxylate (1.0 g,
1.89 mmol) was combined with Pda(dba); (50 mg, 0.085 mmol), BINAP (40 mg, 0.063 mmo!),
sodium tert-butoxide (577 mg, 5.54 mmol), bis{2-methoxyethyl)amine {0.28 mL, 1.9 mmol),
and xylenes (10mL). The resuiting mixture was heated at 140°C for 16 h. The mix-
ture was allowed to cool to RT and the organic solvent was evaporated to give a residue
which was purified by fash silica ge! chromatography to give 350 mg of the mono-
bromo compound tert-butyl 7-(bis{2-methoxyethyljamino)-3-bromo-1,9-dichloro-4aH-
phencthiazine-10(10aH)-carboxylate. Tert-butyl 7-(bis(2-methoxyethyl)amino)-3-bromo-
1,9-dichloro-4aH-phenothiazine-10(10aH)-carboxylate (125 mg, 0.22mmol} was com-
bined with Pda{dba)s (10mg, 0.0168 mmol), BINAP (15 mg, 0.0195mmol}, Cs;CO3

{80 mg, 0.25 mmol), N-Boc-piperazine 60 mg, 0.32 mmol), and xylenes (10 mL). The
mixture was heated at reflux for 16 h. The mixture was allowed to cool to RT and the
organic solvent was evaporated under vacuum. The residue was dissolved in CH,Cly
(5mL) and trifluoroacetic acid {5mL) and heated to 70°C or 16 h. The mixture was
allowed to cool to RT and the organic solvenl was evaporated to give a residue. The

residue was purified by Prep TLC to give 7.9 mg of the desired product.

3.0.1.74 Preparation of 1,9-diethyl-[3-dimethylamino-(4-methylpiperaz-
inyl)-phenothiazinium iodide.

10141] To the solution of 1,9-diethylphenothiazin-5-ium tetraiodide hydrate (0.203 ¢,
0.31 mmol) in chloreform 10ml, was added dimethylamine solution in THF{0.31 mL,
0.62 mmol). The resulting mixture was stirred at room temperature for 3h and con-
centrated to dryness. To the crude residue obtained was added anhydrous methanol
12mlL and l-methylpiperazine (35 uL, 0.31mmol), and stirred vigorously overnight,
and monitored by LCMS. The crude product was purified by chromatography on the
Teledyne Isco combi flash using chloroform-methanol as the eluant to afford the title

compound. MS (m/z):IM+H]|* = 397 (neutral product).

63



WO 2611/137447 POT/GS2011/634818

5.0.1.75 Preparation of 1,9-diethyl-3-dimethylamino-7-[4-isopropylpiper-
azinyll-phenothiazinium iodide

[0142] This compound was prepared as described above, except that isopropylpiper-
azine was used in the secondamination step. The crude was purified on the Teledyne
Isco combi-flash using chloroform-methancl as the eluant to provide the title com-

pound. MS (m/z):[M+H]t = 425 (neutral product).

5.0.1.76 Preparation of 3-(butyl{methyl)amino-1,9-dimethyl-7-(4-meth-
ylpiperazin-1-yl)phenothiazin-5-ium iodide.

0143] To the solution of 1,9-dimethyl-7-(methylpiperazin-1-yl)phenothiazin-5-ium
triiodide (150 mgs,

0.28 mmol} in anhydrous methanol 10ml was addedN-methylbutylamine (200 pL,
1.7 mmeol}. The resulting mixture was stirred vigorously at room temperature overnight,
monitored by LOMS. The crude was purified as usual using chloroform-methanol as

eluant to provide the title compound. MS (m/z):[M+H|T= 411 (neutral product).

5.0.1.77 Preparation of 3-(dimethylamino)-1,9-diethyl-7-(4-trifluorcmeth-
ylsulfonyl)piperazin-1-yl)phenothiazin-5-ium iodide

10144] To the sclution of the 1,9-diethylphenothiazin-5-ium tetraiodide hydrate {0.20 mg,
0.31 mmol) in chloroform 5mL, was added the mixture of I-(trifluoromethyisulfon-
vl)piperazine hydrochloride (158 mg, 0.62mmol}, triethylamine in chloroform was
prepared by the treatment of boc-piperazine with diisopropylethylamine and trifiuo-
romethanesuifonyl chloride in anhydrous 1,2-dichloroethane (DCE), after extractive
workup was concentrated. The resulting product was treated with 4 M HCI in Diox-
ane and 1,2- dichioroethane at room temperature to furnish the aniline. The result-
ing mixture was stirred vigorously at room temperature monitored by LCMS; 0.3h
later, it was concentrated to dryness, treated with dimethylamine-in-THF and anhy-
drous methano! and stirred at room temperature for 18 h. The crude was purified as

usual using chioroform-methanol as the eluant to provide the title compound. MS

(m/z):IM+H|" = 515 {neutral product).
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5.0.1.78 Preparation of -(4-tert-butoxycarbonyl)-1,4-diazepan-1-yl}-1,9-
diethyl-7-(4-ureidopiperidin-1-yl}phenothiazin-5-ium iodide

i0145] To the solution of the triicdide hydrate (0.255g, 0.39mmol) in chloroform
6 mL, was added the mixture of piperidin-4-yl-urea hydrochloride (0.14 g, 0.78 mmol)
and triethylamine in chloroform 6 ml. Theresulting mixture was stirred at room
temperature for 3h and concentrated to dryness. To the crude obtained was added
anhydrous methanol 12ml and boc-homopiperazine (0.5 g, 2.5 mmol) and stirred at
room temperature for 18 h, and purified as usual using chloroform-methanol as eluant

to provide the title compound. MS (m/z):[M-+Hj* = 595 (neutral product).

5.0.1.78 Preparation of 3-(1,4-diazepan-1-y1}-1,8-diethyl-7-(4-ureidopip-
eridin-1-yl)phenothiazin-5-ium 2,2,2-trifluoroacetate.

[0146] To the solution of the above compound in 1,2-dichlorcethane 5 mL was added
trifluoroacetic acid (TFA) 0.5 mlL. The resulting solution was stirred at room tem-

perature, monitored by LOMS. MS{m/z}:[M+H]|+ =495 (neutral product).

5.0.1.80 Preparation of 3,7-di(1,4~-diazepan-~1-y1)-1,9-diethylphenothiazin-
5-ium 2,2,2-trifluorocacetate.

{0147] To the solution of the trilodide hydrate (28 g, 0.43 mmol) in chloroform 12ml,
was added the solution of boc-homopiperazine (0.43g, 2.15mmol), stirred at room
temperature for 18 h and purified as usual using chioroform-methanol as eluant to pro-
vide the intermediate . Treatment of with TFA in 1,2-dichloroethane (DCE) provided
the titie compound. MS (m/z}:[M+H|* =452 (neutral product).

5.0.1.81 Preparation of 3-(4-(tert-butoxycarbonyl)-1,4-diazepan-1-y1)-1,9-
diethyl-7-(2-methylpyrrolidin-1-yl)phenothiazin-5-ium iodide

[0148] To the sclution of the trilodide hydrate (0.28 g, 0.43 mmo!) in chloroform 6 mL,
was added the solution of boc-homopiperazine (17 g, 0.87 mmol} in chloroform 6 mL.
The resulting mixture was stirred at room temperature [or 3h and concentrated to

dryness. To the residue obtained was added anhydrous methanol 10mL and a so-
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lution of 2-methylpyrrolidine (0.23g, 2.68 mmol) in methanol 2mL stirred at room
temperature for 18 h and purified as usual using chloroform-methano! to provide the

title compound. MS {m/z): [M+H|"=537(neutral product).

5.0.1.82 Preparation of 3-(1,4-diazepan-1-y1}-1,9-diethyl-7-(2-methylpyr-
rolidin-1-yl)phenothiazin-5-ium 2,2,2-trifluoroacetate

[0149] This compound was prepared by analogy to 3,7-di{1,4-diazepan-1-y1)-1,9-di-
ethylphenothiazin-5-ium 2,2, 2-trifluoroacetate described above. MS{m/z):IM+H]+
=437 (neutral product}.

5.0.1.83 Preparation of 3-(4-(cyclopentylsulfonyl) piperazin-1-y1)-7-(dime-
thylamino)-1,9-diethylphenothiazin-5-iurm iodide

[0150] To the solution of the triiodide hydrate (0.22g, 0.34 mmol) in chloroform 5mL,
was added the mixture of 1-(cyclopentylsulfonyl)piperazine hydrochloride {0.15g,
0.58 mmol}, triethylamine in chloroform 5 mL (was prepared by treating boc-piperazine
with cyclopentylsulfonyl chloride and Hunig’s base in anhydrous 1,2-dichloroethane,
The product was isolated by extractive workup, and treated with 4 M HCl-in-Dioxane
and DCE at rocom temperature to afford the hydrochloride salt}. The resulting mix-
ture was stirred at room temperature for 3h and concentrated to dryness. The crude
obtained was treated with dimethylamine and methanol, stirred at room tempera-
ture for 18 h, purified as usual to provide the title compound. MS (m/z):[M--H]*

=515(neutral product).

5.0.1.84 Preparation of 3,7-bis(4-(tert-butoxycarbonyl)-1,4-diazepan-1-y1})-
1,9-diethylphenothiazin-5-ium iodide
[0151] See above. MS(m/z):IM+H]4 =652 {neutral compound).

5.0.1.85 Preparation of 3,7This(4(cyclopropanecarbonyl)piperazinlyl)1,9-
diethylphencthiazindium iodide
(0152] To the solution of the triiodide hydrate (0.34g, 0.53mmol) in chloroform
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6 mL was added the mixture of cyclopropyl(piperazin-1-y)methanone hydrochloride
(0.2 g, 1.05mmol)}, triethylamine in chloroform 6 mL was prepared by treating Boc-
piperazine with cyclopropanecarbonyl chloride, Hunig’s base in DCE. The product
obtained was Boc-deprotected with 4 M HCl-in Dioxane and DCE to afford the hy-

drochloride salt.}. The reaction mixture was stirred at room temperature overnight

compound).

5.0.1.86 Preparation of 1,8-diethyl-3-morpholino-7-(4-sulfamoylpiperazin-
1-yl)phenothiazin-5-ium iodide .

[0153] To the solution of the triiodide hydrate (0.23 g, 0.35mmol) in chioroform was
added the mixture of piperazine-1-sulfonamide hydrochloride (0.14 g, 0.70 mmol), tri-
ethylamine in chloroform.{was prepared by reacting sulfamoyl chloride with three
equivalents of Boc-piperazine in ethyl acetate at room temperature overnight. On
completion, the reaction mixture was diluted with ethyl acetate washed sequentially
with 0.5 M HCI, water, brine, dried , filtered and concentrated to dryness. The prod-
uct obtained was Boc-deprotected as usual to afford the hydrochloride salt). The
reaction mixture was stirred for 3h,concentrated to dryness, treated with morpho-
line, methanol and stirred at room temperature overnight, as usual to provide the

title compound. MS(m/z):[M-+H]|* =504{neutral compound).

5.0.1.87 Preparation of 3-(4-(tert-butoxycarbonyl}-3-(methoxycarbonyl)-
piperazin-1-yl)-1,9-diethyl-T-morpholinophenothiazin-5-ium icdide .

[0154] The mixture of the triiodide hydrate (0.28 g, 0.42mmol} and N-I-boc-2-pip-
erazinecarboxylic acid methyl ester (0.21g, 0.84mmol) in chloroform 12mLfor 3h
andconcentrated fodryness. The residue obtained was treated with morpholine in
methanol as usual. After the usual purification thetitle compound was obtained. MS

(m/z):[M-+H]™ =583.(neutral product).
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5.0.1.88 Preparation of 3-(dimethylamino)-8-ethyl-1-isopropyl-7-(4-iso-
propylpiperazin-1-yl)phencothiazin-5-ium iodide

[0155] To the solution of l-ethyl-9-isopropylphencthiazin-5-ium (0.23 g, 0.35 mmol)
prepared analogously to that shown above in chloroform 10 mL, was added isopropy-
Ipiperazine (101 pL, 0.7I mmol). The resuiting mixture was stirred at room tem-
perature for 3h and concentrated to dryness, crude obtained treated with methanol
,dimethylamine for 18h. Purification as usual provided the title compound. MS

{m/z):IM+H} =439.(neutral product).

3.0.1.89 Preparation of 3,7-bis(4-(cyclopropylsulfonyl}piperazin-1-yl1)-1,9-
diethyl-phenothiazin-5-ium iodide

[0156] To the solution of the triiodide hydrate in chloroform was added the mixture
of 1-(cyclopropylsulfonyl)piperazine hydrochloride triethylamine in chloroform (pre-
pared analogously as using cyclopropanesulfonyl chloride). Boc-Deprotection with
4y HCI afforded the hydrochloride salt, a mixture of triethylamine in chloroform
was stirred at room temperature fori8h and purified as usnal to provide the title

compound. MS{m/z):[M+H]|* =633(neutral product).

5.0.1.90 Preparation of 3-(butyl{methyljamino)-7-{4-cyclopropylsulfon-
yl)piperazin-1-y1)1,9-diethylphenothiazin-5-ium iodide.

|0157] The mixture of 1,9-diethylphenothiazin-5-ium iodide (4 g, 0.63mmol),(0.29 g,
1.27 mmol) and triethylamine in chloroform 20ml was stirred at room temperature
for 3h and concentrated to dryness. To the residue obtained was added methanol
and N-methylbutylamine, stirred at room temperature for 18h, purified as usual to

provide the title compound. MS (m/z):[M-+H[*==520(neutral product).

5.0.1.81 Preparation of 3-(4-(cyclopropylsulfonyl)-1,4-diazepin-1-y1)-7-(di-
methylamina)-1,9-diethylphenothiazin-5-ium jodide.
[0158] To the solution of 1,9-dicthylphenothiazin-5-ium (0.35 g, 0.54 mmol) in chloro-

form 5ml, was added the mixture of 1-(cyclopropylsulfonyl)sulfonyl-1,4-diazepane

68



WO 2011/137447 PCT/US2011/034818

hydrochloride (0.26 g,1.08 mmol) and ,triethylamine in chloroform was prepared anal-
ogously using Boc-homopiperazine). After stirring for 3h, it was concentrated to
dryness, methanol and dimethylamine added, stirred for 18 h, purified to provide the

title compound. MS (m/z):[M+H]|+ =501 (neutral product).

5.0.1.82 Preparation of 3-(4-cyclopentylpiperazin-1-y1)-7-(dimethylam-
ino})-1,9-diethylphenothiazin-5-ium iodide

[0159] The mixture of 1,9-diethylphenothiazin-5-ium (0.27g, 0.42 mmol), and l-cyc-
lopentylpiperazine {0.13 g, 0.84 mmol)} in chloroform 10 mL was stirred at room tem-
perature for Jh,concentrated to dryness and treated with dimethylamine as usual.
Purification provided the title compound. MS (m/z):]M+H| ¥ =451{neutral prod-

uct).

5.0.1.93 Preparation of 3-{dimethylamino)-1,9-diethyl-7-(methylsulfon-
yl)-1,4-diazepan-~1-yl}yphenothiazin-5-ium iodide .

0160} The mixture of 1-(methylsulfonyl)-1,4-diazepane hydrochloride (0.14 g, 0.66 mmol)
and triethylamine in chloroform 5 mL was added to the solution of 1,9-diethyipheno-
thiazin-5-ium (0.22 g, 0.33 mmol} in chloroform 5 ml prepared analogously as using
methanesulfonic anhydride and Boc-homopiperazine). After 3 h of stirring, it was con-
centrated to dryness, treated with dimethylamine as usual, and purified to provide

the title compound. MS(m/z):[M+H]* ==475.(neutral product).

5.0.1.94 Preparation of 3-(dimethylamino)-1,9-diethyl-7-(4-(ethylsulfon-
yl)-1,4-diazepan-1-yl}phenothiazin-5-ium iodide .

[0161] The preparation was analogous to that shown above, except that the 1-(ethylsulfonyl)-

1,4-diazepane hydrochloride prepared by employing ethanesuifonyl chloride was used.

MS(m/z):[M+H] * =48%(neutral product).

5.0.1.95 Preparation of 3-(dimethylamino)-1,9-diethyl-7-(4-(2-methoxy-
ethyl)piperazin-1-yl)phenothiazin-5-ium iodide .
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0162 The mixture of 1,9-diethylphenothiazin-5-ium (0.20 g, 0.31 mmol), 1-(2-meth-
oxyethyl)piperazine (92 pL, 0.62mmol} in chioroform 10mlL, was stirred at room
temperatuzre as usual, then treated with dimethylamine in methanol. Purification as

ugual provided the title compound. MS (m/z):[M+H]+ =457(neutral compound).

5.0.1.96 Preparation of 3-(4-(cyclopropylsulfonyl)piperazin-1-y1)-7-(di-
methylamino)-1-ethyl-9-isopropylphenothiazin-5-ium iodide

[0163] The preparation was analogous to that shown above, except that 1-(cyeloprop-
ylsulfonyl)piperazine hydrochloride was employed. MS( m/z):[M+H]+= 500(neutral

compound).

5.0.1.87 Preparation of 3-(dimethylamino)}-8-ethyl-1-isopropyl-7-(4-tri-
fluoromethylsulfonyl)piperazin-1-yl)phenothiazin-5-ium iodide .

10164} The procedure was analogous to that shown above, except that the 1-ethyl-9-
isopropylphenothiazine triiodide hydrate was used in place of the diethylphenothiazin-
5-ium. MS(m/z):[M+H] 4= 528 (neutral compound).

5.0.1.98 Preparation of 3-(4-(tert-butylcarbamoyl)-1,4-diazepan-1-y1)-7-
{(dimethylamino)-1,9-diethylphenothiazin-5-ium iodide

{0165] The mixture of 1,9-diethylphenothiazin-5-ium {0.21g, 0.32mmol), triethy-
lamine and N-tert-butyl-1,4-diazepane-1-carboxamide hydrochloride {0.15 g, 0.65 mmol)
in chloroform 10mL was prepared by reacting Boc-homopiperazine with tert-butyl
isocyanate and Hunig's base in DCE, followed by the usual Boe-deprotection to al-
ford the hydrochloride salt} was stirred at room temperature for 3h, concentrated,
treated with dimethylamine in methanol,purified to provide the title compound. MS

(m/z):M+H] * =496 (neutral compound).
5.0.1.89 Preparation of 3-(dimethylamino}-1,9-diethyl-7-{4-sulfamoyl-1,4-

diazepan-1-yl)phenothiazin-5-ium iodide .

[0166] The mixture of (0.18 g, 0.28 mmo}l), triethylamine and 1,4-diazepane-1-sulfonamide
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hydroch]_oride (0.082g, 0.38 mmol) in chloroform 10mlL, was stirred at room for 3h
and concentrated to dryness (analogously to that described above, except that Boc-
homopiperazine was used). The crude obtained was treated with dimethylamino in
methanol for 18h,purified to provide the title compound. MS(m/z):[M+H]* =476

(neutral product).

5.0.1.100 Preparation of 3-(dimethylamino)-1,9-diethyl-7-(4-(isopropyl-
sulfonyl)-1,4~diazepan-1-yl)phenothiazin-5-ium iodide .

[0167] The mixture of 1,9-diethyiphenothiazin-5-ium (0.22 g, 0.33 mmol),triethylamine

and 1-(isopropylsulfonyl)-1.4-diazepane hydrochioride (0.16¢, 0.66 mmol) in chloro-

form 10mL, was stitved at room temperature for 3h and concentrated to dryness
(analogously to using isopropylsulfonyl chloride). The crude obtained was treated

with dimethylamine and methanol, purified to provide the title compound. MS (m/z):[M+H]*

=503({neutral compound).

5.0.1.101 Preparation of 3-(dimethylamino)-1,9-diethyl-7-(4-(methylbut-
2-enyl)-1,4-diazepan-1-y!)phenothiazin-5-ium iodide .

[0168] The mixture of I,9-diethylphenothiazin-5-ium (0.22g, 0.33mmol), triethy-
lamine and 1-(3-methylbut-2-enyl)-1,4-diazepane hydrochloride (0.14 g, 0.66 mmol) in
chleroform 10 mL, was stirred at room temperature for 3h and concentrated to <dry-
ness.(was prepared by treating Boc-homopiperazine with prenyl bromide and potas-
sium carbonate in N,N-dimethylformamide (DMF). After extractive workup,the prod-
uct obtained was Boc-deprotected as usual to furnish the hydrochloride sait). The
crude obtained was treated with dimethylamino in methanol, purified to provide the

title compound. MS (m/z):[M+4H] ¥ == 465(neutral compound).

5.0.1.102 Preparation of 3-(dimethylamino)-T-(4-(N,N-dimethylsulfam-
oyl)piperazin-1-yl}-1,9-diethylphenothiazin-5-ium iodide .
[0169] The mixture of 1,9-diethylphenothiazin-5-ium (0.21 g, 0.32 mmol) and piperazine-

t-sulfonic acid dimethylamide {0.12 g, 0.64mmol) in chloroforml0mL, was stirred at
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room for 3h, concentrated, treated with dimethylamine in methanol. Purification

provided the title compound. MS (m/z): M H]*=4%0(nentral produet).

5.0.1.103 Preparation of 3-(4-(cyclopropylsulfony!)piperazin-1-y1)-7-(di-
methylamino)-1,8-diethylphenothiazin-5-ium iodide

0170] The mixture of 1,9-diethylphenothiazin-5-ium (0.20g, 0.30mmol), triethy-
lamine and (0.14 g, 0.60 mmol} in chloroform 10mlL, was stirred for 3h and concen-
trated to dryness. Then treated with dimethylamine in methanol, purified to provide

the title compound. MS(m/z):[M+H] + =487(neutral compound).

5.0.1.104 Preparation of 3-(4-tert-butylcarbamoyl)piperazin-1-y1)-7-(di-
methylamino)-1,9-diethylphenothiazin-5-ium iodide

[0171] The mixture of 1 9-diethylphenothiazin-5-ium (0.21g, 0.32mmol)}, tricthy-
lamine and N-tert-butylpiperazine l-carboxamide hydrochloride (0.15g, 0.68 mmol)}
in chloroform and stirred for 3h and concentrated to dryness (analogously as described
above, except Boc-piperazine was used). The usual treatment with dimethylamine in
methanol followed by purification provided the title compound. MS {(m/z):[M+H] *
=482.

5.0.1.106 Preparation of 3-(4-(tert-butoxycarbonyl)-1,4~-diazepan-1-yl)-
7-{dimethylamino-1,9-diethylphenothiazin-3-ium iodide

[0172] 1,9-Diethyiphenothiazin-5-ium (0.24 ¢, 0.37 mmol) and Boc-homopiperazine
(0.2g, 0.99 mmol) in chloroform were stirred for 3h, concentrated to dryness, and the
residue treated with dimethylamine in methanol. The crude was purified to provide

the title compound. M5 (m/z):[M+H] *=497(neutral product).
5.0.1.106 Preparation of 3-(1,4-diazepan-1-yi)-7-(dimethylamino)-1,9-di-

ethylphenothiazin 2,2,2-trifluorcacetate .

[0173] This compound was obtained by the Boc-deprotection of the preceeding com-
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5.0.1.107 Preparation of 3-(4-butylpiperazin-1-yI)-7-(dimethylamino)-1,8-
diethylphenothiazin-5-ium iodide .

[0174} The mixture of (0.21 g, 0.32 mmol) and 1-bufylpiperazine (0.10g, 0.70 mmol)
in chloroform was stirred for 3h and concentrated to dryness. Treatment of the
crade with dimethylamine in methancl, followed by purification provided the title

compound. MS (m/z): [M+H| + =439(neutral compound).

5.0.1.108 N-Acetyl-2-trifiuoromethylaniline

0175} Commercial 2-triflucromethylaniline (13.5 g, 83.9 mmol) was dissolved in acetic
aphydride (55 mL, 580.0mmol) and stirred at room temperature for 1h. Then the
reaction mixture was poured into H,O, the whole was extracted with ethyl acetate {2x
30C0mL). The combined organic extracts were washed with 5% aqueous NaHCOj,
brine, dried (K,COQjy), filtered and concentrated to provide the title compound as a

white solid (15.7g, 92%).

5.0.1.109 N-Acctyl-2-trifluoromethyldiphenylamine

10176] A mixture of the N-acetyl-2-trifluoromethylaniline {6.1g, 30.0mmol}, anhy-
drous K,COjy (4.1g, 30.0 mmotl), Cul (210mg, 1.1 mmol) and bromobenzene {16 mL,
160 mmol) was stirred and heated at 175°C to 180°C under an argon atmosphere for
48h. After cooling the reaction mixture was poured into ice-Ho0O and extracted with
ethyl acetate (2x 200 mbL), the combined organic extracts were washed with hrine,
dried over anhydrous K,COsg, filtered and concentrated to dryness. The obtained
crude material was purified by flash chromatography (using ethyl acetate-hexane as

an eluent) to afford the N-acetyl-2-trifluoromethyldiphenylamine (5.4g, 64 %).

5.0.1.110 2-Trifluoromethyldiphenylamine
10177} A solution of the N-acetyl-2-triflucromethyldiphenyl-amine (3.5¢, 12.5 mmol)
in 10% KOH (2g, 36 mmol)/EtOIl (20 mL) was stirred and refluxed for 6h, then
poured into HyO. The mixture was extracted with ethyl acetate (2x 100mL). The

combined organic layers were washed with brine, dried (Na,S0,), filtered and con-
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centrated to dryness, gave dark red oil (2.5g, 85%).

5.0.1.111 2-Trifluoromethyl-10H-phenothiazine

[0178] To 2-trifluoromethyldiphenylamine (1.1 g, 4.6 mmol}, sulfur (295 mg, 9.2 mmol)
and iodine (328mg, 1.29mmol) were combined. Vial was charged with balloon for
discharge. The heating block was preheated (150°C). The vial was heated on the
heating block and after 15 min. Temperature was increased to 210°C, reaction mix-
ture was stirred and heated for an additional 45 min and cooled. The dark solid
material was dissclved in mixture methanol/chioroform and purified by flash chro-
matography (ethyl acetate-hexane as an eluent) to afford the desired product (450 mg,

36 %).

1-Trifluoromethyl-3,7-di{4-methylpiperazin-1-yl}phenothiazin-5-ium bromide

5.0.1.112 I-Triffuoromethyl-3,7-dibromophenothiazin-5-ium bromide

0179] 1-Trifluoromethyl-10H-phenothiazine (725 mg, 2.72mmol) was dissolved in
glacial acetic acid (20mL) and a solution of bromine {2.8ml, 54.3mmel) also in
acetic acid (30 mL)} was added to it all at once with vigorous stirring; stirring was
continued for about 1- 2min, then water (150 mL) was added to the mixture, the red
precipitate was filtered, washed with Et,0, dried under vacuum to afford product

(0.27 g, 20%).

3.0.1.113 1-Trifluoromethyl-3,7-di{4-methylpiperazin-1-yl)phenothiazin-5-
inm bromide

|0180] To the stirred solution of 1-triﬂuoromethyl—3,T-dibro1£0phenothiazin.~5~ium bro-
mide (300 mg, 0.6 mmol} in chloroform {10 mL) I-methyipiperazine (350 mg, 3.5 mmol}
in chloroform (10 mL) was added all at once with vigorous stirring at room tempera-
ture. The resulting mixture was stirred at room temperature 3 h, concentrated to dry-
ness. The crude product was purified by flash chromatography methanol-chioroform

as an eluent) to provide the title compound.

74



WO 2011/137447 PCT/US2011/034818

5.0.1.114  1-Trifluoromethylphenothiazin-3-ium tetraiodide hydrate

[0181] A solution of I-trifluoromethyl-10H-phenothiazine (1.55g, 5.81 mmol) in an-
hydrous chloroform (50 ml.) was stirred at 5°C and the solution of iodine {4.42g,
1741 mmol} in CHCls (230 mL) was added drop wise (addition funnel) over 1 h. The
resulting dark solution was stirred for an additional 3h at 5°C, monitored by TLC.
After the disappearance of the starting material, the resulting precipitate was filtered,
washed with a copious amount of chloroform, dried overnight in vacuum to afford a

dark solid {3.50g, 76 %).

7-(Dimethylamino)-1-trifluoromethyl-3-(4-methylpiperazin-1-yl)phenothiazin-

B-lum 1odide

5.0.1.115 7-(Dimethylamino)-1-trifluoromethylphenothiazin-5-ium triiodide
[0182] To the stirred mixture of -triflucrophencthiazin-5-jumn tetraiodide hydrate
(920 mg, 1.1mmol) in anhydrous CHCly (20mL) dimethylamine (1.1mL, 2.2 mmol,
2™ solution in THF) was added drop wise over 4h. The resulting mixture was stirred

at room temperature overnight, concentrated to dryness.

5.0.1.116 7-(Dimethylamino)-1-trifluoromethyl-3-(4-methylpiperazin-1-yl)-
phenothiazin-5-ium iodide

10183] A solution of 7-(dimethylamino)-1-triflucromethylphenothiazin-S-ium triiodide
(100 mg, 0.15 mmol) in methanol (10 mL) and 4-methylpiperazine (0.02mL, 0.15 mmol)
was stirred for 4h at room temperature. The resulting mixture was concentrated to
dryness and purified by flash chromatography using the methanol-chloroform gradient

to provide the title compound.

5.0.1.117 7-(Dimethylamino}-1-trifiuoromethyl-3-(4-Boc-piperazin-1-yl1)-
phenothiazin-5-ium iodide

[0184] A solution of 7-(dimethylamino)-1-trifluoromethylphenothiazin-5-ium trilodide
(100 mg, 0.15mmol) in methanol {10mL) and 1-Boc-piperazine (28 mg, 0.15 mmol)

was stirred for 4h at room temperature. The resulting mixture was concentrated to
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dryness and purified by flash chromatography using the methanol-chloroform gradient

to provide the titie compound.

5.0.1.118 3,7-(Di(4-Boc-piperazin-1-yl}-1-triflucromethylphenothiazin-5-ium
iodide

10185] A solution of I-trifluoromethylphenothiazin-5.-ium tetraiodide hydrate (150 mg,
0.19 mmol} in methanol (10mL) and 1-Boc-piperazine (93 mg, 0.5 mimol) was stirred

for 4k at room temperature. The resulting mixture was concenfrated to dryness and
purified by flash chromatography using the methanol-chloreform gradient to provide

the title compound.

5.0.1.118  7-(Dimethylamino)-1-trifluoromethyl-3-(piperazin-1-yl)pheno-
thiazin-5-ium trifluorcacetate

i0186] A solution of 7-{dimethylamino)-1-trifluoromethyl-3-{4-Boc-piperazin-1-y1)-
phenothiazin-5-ium iodide (50 mg) in dichloromethane (5 mbL) and trifiuoroacetic acid
(G.5mL} was stirred for 2h at room temperature. The resulting mixture was con-
centrated to dryness, rinsed out by toluene (3x 10ml} and dried under vacuum to

provide the titie compound.

3-7-Dibromo-1-triffuoromethyl-10-Boc-phenothiazine

5.0.1.120 3,7-Dibromo-1-trifluoromethyl-10H-phenothiazine

10187] 1-Triflucromethyl-10H-phenothiazine (2,10 g, 7.85 mmol) was dissolved in acetic
acid (40mL) and stirred at room temperature as a solution of bromine (2.52g,
0.81mkL, 15.7mmol) in acetic acid (10mL) was added. The mixture was allowed
to stir overnight at this condition. To this mixture Naz50; (1.98g, 15.7mmol) and
water (2ml) were added. The mixture was stirred at room temperature for 3h.
After that reaction mixture was poured into 100mL of ice-water contained NaQH
(1.28¢, 32mmol). The mixture was stirred overnight and filtered, gave light green

solid (2.84 g, 84 %).
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5.0.1.121 3,7-Dibromo-1-trifluromethyl-10-Boc-phenothiazine

[0188] 3,7-Dibromo-1-trifluoromethyl-10H-phenothiazine (2.0 g, 4.7mmol) was sus-
pended in CH3CN (20 mL) and (Boe);0 (3.1g, 14.2 mmol) and DMAP (0.57 g, 4.7mmol)
were added. The mixture was warmed to 50°C. After 5 min starting material was
dissolved in solvent, COy was eliminated and solid material formed. After 2h the re-
action mixture was cooled to room temperature. The sclid was filtered off and dried

on air (1.83g, 74 %).

3-(4-methylpiperazin-1-y1}-7-(pyrrolidin-1-y1}-1-trifluoromethylphenothi-

azin-5-ilum trifluoroacetate

5.0.1.122 7-(Pyrrolidin-1-y1}-3-bromo-1-triffuoromethyl-10-Boc-phenothi-
azine [0189] To a stirred solution of 3,7-dibromo-1-trifluromethyl-10-Boe-phenothiazine
{18) (104 mg, 0.2mmol) in xylenes (5mkL) Pd(dba): (5.8mg, 0.01 mmol), BINAP
{4.4mg, 0.007mmol}, Cs2CO; (325 mg, 1.0 mmol) and pyrrolidine (0.017 mL, 14.2mg,
0.2 mmol) were added. The mixture was refluxed for 48h. After that reaction mix-
ture was filtered, solvent was removed under vacuum. Product was used without

additional purification.

5.0.1.123 3-(4-Methylpiperazin-1-y1)-7-(pyrrolidin-1-yl)-1-trifluoromethyl-
10-Boc-phenothiazine [0190] To a stirred solution of 7-(pyrrolidin-1-y!)-3-bromo-
I-trifluromethyi-10-Boc-phenothiazine (30 mg, 0.068 mmol) in xylenes (5 mL) Pd{dba),
(1.7mg, 0.003mmol}, BINAP (1.3mg, 0.002mmol), Cs,COs (94.5mg, 0.20mmol)
and I-methylpiperazine (8.7mg, 0.01 mL, 0.087 mmol) were added. The mixture was
refluxed for 48 h. After that reaction mixture was filtered, solvent was removed under

vacuum. Product was used without additional purification.

5.0.1.124 3-(4-methylpiperazin-1-y}}-7-(pyrrolidin-1-yl)-1-trifluorometh-
yvlphenothiazin-5-ium trifiuorcacetate

[0191] To a solution 3-(4-methylpiperazin-1-yl)-7-(pyrrolidin-1-yl)-1-trifluorometh-
yl-10-Boc-phenothiazine (20mg) in CHyCly (2mL) triflucroacetic acid (0.5 mL) was
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added. The reaction mixture was stirred at 50°C for 10h. Solvent was removed under
vacuum; product was purified by flash chromatography (solvent system-dichloromethane-

methanol as an eluent).

3,7-di(piperazin-1-yl)-1-trifluoromethylphenothiazin-5-ium triflurcacetate

5.0.1.123 3,7-di(4-Boc-piperazin-1-y1)-1-trifilucromethyl-10-Boc-phenothi-
azine [0192] To a stirred solution of 3,7-dibromo-1-triffuromethyl-10-Boc-phenothiazine
(373 mg, .71 mmol} in xylenes (10 mL} Pd(dba), (21 mg, 0.36 mmol), BINAP (15.6 mg,
0.025 mmol), Cs,CO; (1.16g, 3.6mmol} and 1-Boc-piperazine (335 mg, 1.8 mmol)
were added. The mixture was refluxed for 24h. After that reaction mixture was
cooled, filtered, solvent was removed under vacuum. Product was used without ad-

ditional purification.

5.0.1.126 3,7-dipiperazinyl-1-trifiuoromethylphenothiazin-5-ium trifluroac-
ctate

[0193] To & solution 3,7-di(4-Boc-piperazin-1-yl}-1-trifluoromethyl- 10-Boc-phenothiazine
(50 mg) in CH,Cly (5mL) triflucroacstic acid (0.5 mL) was added. The reaction mix-
ture was stirred at 50°C for 1Gh. Solvent was removed under vacuum; product was
purified by flash chromatography (solvent system-dichioromethane-methanol as an

eluent).

5.0.1.127  3,7-Di(1,4-diazepan-1-yl)-1-trifiuoromethylphenothiazin-5-ium tri-

fluorocacetate

3.0.1.128 3,7-Di(4-Boc-azepan-1-yl)-1-trifluoromethyl-10-Boc-phenothiazine
[0194] To a stirred solution of 3,7-dibromo-1-trifluromethyl-10-Boc-phenothiazine (208 mg,
0.4 mmol) in xylenes (5mL) Pd(dba}, (11.5mg, 0.02 mmol), BINAP (9mg, (.014 mmol),
Cs2CO;5 (652mg, 2mmol) and 1-Boc-1,4-homopiperazine (100 mg, 0.5 mmol) were

added. The mixture was heated at 100 °C for 48 h with vigerous stirring. After cool-

78



WO 2011/137447 PCTAUS2011/034818

ing reaction mixture was filtered, solvent was removed under vacuum. Product was

used without additional purification.

5.0.1.129 3,7-Di(1,4-diazepan-1-yl)-1-trifluoromethylphenothiazin-5-ium tri-
fluroacetate

[0195] To & solution 3,7-di(4-Boc-azepan-1-yl)-1-trifluoromethyl-10-Boe-phenothiazine
(60 mg) in CHCly (5 mL) triflucrcacetic acid (0.5 mL) was added. The reaction mix-
ture was stirred at 50°C for 3h. Solvent was removed under vacuum; product was
purified by flash chromatography (solvent system-dichloromethane-methanol as an

eluent}.

7-(Bis(2-methoxyethyl)amino)-3-(piperazin-1-y1)-1-(trifluoromethyl) pheno-

thiazin-5-ium trifluoroacetate

5.0.1.130 7-(Bis(2-methoxyethyl)amino)3-bromo-1-trifluoromethyl-10-Boc-
phenothiazine:

[0196] To a stirred solution of 3,7-dibrome- L-trifluromethyl-10-Boc-phenothiazine (525 mg,
1.0 mmol) in xylenes (15 mL) Pd(dba), (28.8 mg, 0.05 mmol), BINAP (21.8 mg, 0.035 mmol),
Cs2CO;z (1.63g, 5.0mmol) and di{2-methoxyethyl)amine (120mg, 0.9 mmol) were
added. The mixture was refluxed with stirring for 24h. After cooling solid ma-
terial was filtered off and solvent was removed under vacuum. Product was used

without additional purification.

5.0.1.131  7-(Bis(2-methoxyethyl)amino)-3-(4-Boc-piperazin-1-yl}-1-trifiuo-
romethyl-10-Boc-phenothiazine

[0197] To a stirred solution of 7-(bis(2-methoxyethyl }amino)-3-bromo-1-trifluromethyl-
10-Boc-phenothiazine (57 mg, 0.1 mmol) in xylenes (5 mbL) Pd(dba)s (2.9 mg, 0.005 mmol},
BINAP (2.1mg, 0.003mmol}, Cs,COy3 (225 mg, 0.69mmol) and 4-Boc-piperazine
(37.2mg, 0.2mmol) were added. The mixture was refluxed for 48 h. After cool-
ing reaction mixture was filtered, solvent was removed under vacuum. Product was

used without additional purification.
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5.0.1.132 7-(Bis(2-methoxyethyl)amino)-3-(piperazin-1-yi)-1-(trifluorome-
thyl)phenothiazin-5-ium trifluoroacetate

(0198] To a solution of 7-(bis(Z-methoxyethyljamino)-3-(4-Boc-piperazin-1-y1}-1-tri-
fluoromethyl-10-Boc-phenothiazine {20 mg) in CHCly (51l) trifluoroacetic acid (2 ml)
was added. The reaction mixture was stirred at 50°C for 4h. Solvent was re-
moved under vacuun; product was purified by flash chromatography (solvent system-

dichloromethane-methanol as an eluent).

3,7-Di(4-methylpiperazin-1-yl)-1-n-butylphenothiazin-5-ium bromide

5.0.1.133 1-n-Butyl-10H-phenothiazine

10199] To a solution of 2-chloro-10H-phenothiazine {1.17g, 5.0 mmol) in anhydrous
ether (50 mL) n-butyliithium (10mbL, 25 mmol, 2.5 M solution in hexane) was added
drop wise for 1h at room temperature. After that mixture had been stirred for 6 h,
ice-water was added and the stirring was contirued for 30 min. The organic layer was
separated and combined with ether extracts of the aqueous phase. The combined
organic phases were washed with water, dried (Na,530,) and concentrated to give the

product (0.9g, 71 %).

5.0.1.134 3,7-Dibromo-1-n-butylphenothiazin-5-ium bromide

[0200] 1-n-Butyl-10H-phenothiazine (400 mg, 1.6 mmol) was dissolved in glacial acetic
acid (20 mL) and a sclution of bromine (1.7 ml., 33.2 mmol) also in acetic acid {17 mL}
was added to it all at once with vigorous stirring; stirring was continued for about
I min to 2min, then water (50 mL) was added to the mixture; the red precipitate was

filtered, washed with Et20, dried under vacuum to afford product (0.75g, 96 %).

5.0.1.135 3,7-Di(4-methylpiperazin-1-yl}-1-n-butylphencthiazin-5-ium bro-
mide
0201] To the stirred solution of 3,7-dibromo-1-n-butylphenothiazin-5-ium bromide

(200 mg, 0.41 mmol} in chioroform (10 mL} kept under argon I-methylipiperazine (205 mg,
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2.1 mmol}) in chloroform (10 mL) was added all at once with vigorous stirring at room
temperature. The resulting mixture was stirred at room temperature for 3h and
concentrated to dryness. The crude product was purified by flash chromatography

(methanol-chloroform as an eluent) te provide the title compound.

3,7-Di(4~methylpiperazin-1-yi}-1-methylphenothiazin-5-ium bromide

5.0.1.136 1-Methyl-10H-phenothiazine

0202} To a sclution of 2-chlorophencthiazine (4.67 g, 20 mmol} in anhydrous ethyl
ether (60 mL) methylithium (1.6 M solution, 62.5mL, 0.1 mole) was added at room
temperature (1 h). After that the mixture had been stirred (6 h}, ice-water was added
slowly, the stirring was continued for 30 min. The organic layer was separated and
combined with ether extracts of the agueous phase. The combined organic phase was
washed with water, dried (Nay50,) and concentrated to give the crude product (37 %

yieid). Compound was purified by flash chromatography.

5.0.1.137 1-Methyl-3,7-dibromophenothiazinium bromide

{0203] 1-Methyl-10H-phenothiazine (0.9¢, 0.004 mole} was dissolved in oxygen-free
acetic acid (40 mL) and a solution of bromine also in acetic acid {4.3mL Brs in 40 mL
AcOH) was added to it all at once with vigorous stirring. Stirring was continued
for about 1min to 2min., after that water (100 mL) was added to mixture, dark red

precipitate was filtered off, washed with ether, dried under vacuum (95 % yield).

5.0.1.138  3,7-Di(4-methylpiperazin-1-yl)-1-methylphenothiazin-5-ium bro-
mide

10204] To a solution of 1-methyl-3,7-dibromophencthiazinium bromide (300 mg, 0.7 mmol)
in chloroform (15 mlL) kept under argon, I-methylpiperazine (350 mg, 3.5 mmol} was
added (30 min) with vigorous stirring. The mixture was stirred for 3h and after that
extracted once with aqueous HBr (10mi, 1% v/v) and twice with water. The or-

ganic layer was dried (NaySQOy), concentrated and dried under vacuum. Compound
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was purified by flash chromatography (solvent system-dichloromethane-methanol).

3,7-Di(4-methylpiperazin-1-yl}-1-t-butylphenothiazin-5-ium bromide

5.0.1.139 1-£-Butyl-10H-phenothiazine

0205} To a solution of 2-chlorophenothiazine (7.9 g, 34mmol} in anhydrous THF
(100mL) t-butyllithium {1.7M solution, 100mL, 170 mmol} was added at —70°C
(1h). The reaction mixture had been stirred (2h), ice-water was added slowly
(30min.) and after that the stirring was continued for 30min. The organic layer
was separated and combined with ether extracts of the aquecus phase. The combined
organic phase was washed with water, dried (Na,SOy,) and concentrated to give the
crude product (68 % yield). Compound was purified by flash chromatography (solvent

system~hexane-ethylacetate).

5.0.1.140 1-t-Butyl-3,7-dibromophenothiazinium bromide

[0206] 1-t-Butyi-10H-phenothiazine (1.2g, 4.7mmol) was dissolved in oxygen-free
acetic acid (40ml} and a solution of bromine also in acetic acid (4.9 mL Bry in 40 mL
AcOH) was added to it all at once with vigorous stirring. Stirring was continued
for about 1min to 2min, after that water (100mL) was added to mixture, dark red

precipitate was filtered off, washed with ether, dried under vacuum (90 % yield).

5.0.1.141 3,7-Di(4-methylpiperazin-1-y1)~-1-é-butylphenothiazin-5-ium bro-
mide

10207 To a solution of 1-¢-butyl-3,7-dibromophenothiazinium bromide (400 mg, 0.8 mmol)
in chloroform (15mL) kept under argon, 1-methylpiperazine (400 mg, 4.0 mmol) was
added (30 min) with vigorous stirring. The mixture was stirred for 3h and after that
extracted once with agueous HBr (10mL, 1 % v/v) and twice with water. The or-
ganic layer was dried (NaoSQ,), concentrated and dried under vacuum. Compound

was purified by flash chromatography {solvent system: dichloromethane-methanol).

3,7-Di(4-methylpiperazin-1-yl}-1-methylphenothiazin-5-ium bromide
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5.0.1.142 1-i-Propyl-10H-phenothiazine

[0208] To a solution of 2-chlorophenothiazine (4.67 g, 20 mmol) in anhydrous THF
{40 mL) i-propyllithium (0.7 M solution in pentane, 100 mL, 70 mmol) was added at
~T75°C {1 h). The reaction mixture had been stirred (2 h), ice-water was added slowly
(30min.) and after that the stirring was continued for 30 min. The organic layer was
separated and combined with ether extracts of the aqueous phase. The combined
organic phase was washed with water, dried (NayS30,) and concentrated to give the
crude product {52 % yield). Compound was purified by flash chromatography (solvent

system: hexane-ethyl acetate).

5.0.1.143 1-i-Propyl-3,7-dibromophenothiazinium bromide

10209] 1--Propyl-10H-phenothiazine (700 mg, 2.9 mmol) was dissolved in oxygen-free
acetic acid (30mL) and a solution of bromine also in acetic acid (3ml Br;y in 30 mL
AcOH) was added to it all at once with vigorous stirring. Stirring was continued for
about 1-2min., after that water (100 mL) was added to mixture, dark red precipitate

was filtered off, washed with ether, dried under vacuum (90 % vield).

5.0.1.144 3,7-Di(4-methylpiperazin-1-yl1}-1-i-propylphenothiazin-5-ium bro-
mide

(6210] To asolution of 1-i-propyl-3,7-dibromophenothiazinium bromide (200 mg, 0.42 mmol)
in chloroform (10mL) kept under argon, I-methylpiperazine (290 mg, 2.9 mmol) was
added (30 min) with vigorcus stirring. The mixture was stirred for 31 and after that
extracted once with aqueous HBr (10mL, 1% v/v) and twice with water. The or-
ganic layer was dried {(NasSQO,), concentrated and dried under vacuum. Compound

was purified by flash chromatography (solvent system: dichloromethane-methanol).

1,8-Dimethylphenothiazinium-5-ium derivatives

5.0.1.145 3-(4-Acetylpiperazin-1-yl)-7-(methyl(n-butyl)amino)-1,9-dimeth-

ylphenothiazin-5-ium iodide
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10211} To a solution of 3-(4-acetylpiperazin-1-yl}-1,9-dimethylphenothiazin-5-ium tri-
iodide (73 mg, 0.1 mmol) in methanol (5 mL) methyl(n-butyl}amine (0.034 mL, 25.2 mg,
0.3 mmol) was added. Reaction mixture was stirred for 24h at rcom temperature.
The resulting mixture was concentrated to dryness and purified by flash chromatog-

raphy using the methanol-chloroform gradient to provide the title compound.

5.0.1.146  3,7-di(4-Acetylpiperazin-1-y1)-1,9-dimethylphenothiazin-5-ium io-
dide

10212] A solution of 3-(4-acetylpiperazin-1-y])-1,9-dimethylphencthiazin-5-ium friio-
dide (73 mg, 0.1 mmol} in methanol (5 mL) and I-acetylpiperazine (38.5 mg, 0.3 mmol)
was stirred for 24 h at room temperature. The resulting mixture was concentrated to
dryness and purified by flash chromatography using the methanol-chloroform gradient

to provide the title compound.

5.0.1.147 3-(4-Boc-piperazin-1-y1)-T-(methyl(n-butyl)amino)-1,9-dimeth

yvlphenothiazin-3-ium iodide

[0213] To a solution of 3-(4-Boc-piperazin-1-yl)-1,9-dimethylphenothiazin-5-ium triio-
dide (158 mg, 0.2 mmol)} in methanol (5 mL) methyl(n-butyljamine (0.065 mL, 25.2 mg,
0.6 mmol) was added. Reaction mixture was stirred for 24 h at rocom temperature.
The resulting mixture was concenfrated to dryness and purified by flash chromatog-

raphy using the methanol-chloroform gradient to provide the title compound.

5.0.1.148 3-(Piperazin-1-y1)-7-(methyl(n-butyl)amino)-1,9-dimethylphe-
nothiazin-5-ium trifluoroacetate

0214 A solution of 3-(4-Boc-piperazin-1-yl)-7-(methyl(n-butylamino)-1,9-dimeth-
viphenothiazin-5-ium iodide {25mg) in dichloromethane {5 mL) and triflucroacetic
acid (2mL) was stirred for 4 h at room temperature. The resulting mixture was con-
centrated to dryness, rinsed out by toluene (3x 10mL) and dried under vacuum to

provide the title compound.
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1-Ethyl-9-methylphenothiazinium-5-ium derivatives

1-Ethyl-9-methylphenothiazin-5-ium tetraiodide hydrate

5.0.1.149 N-Acetyl-2-ethylaniline

0215] Commercial 2-ethylaniline (56 mL, 0.40 mol) was dissolved in acetic anhydride
{160mL, 1.70 mol) and stirred at room temperature for 2h. Then the reaction mix-
ture was poured into HpO, the whole was extracted with ethy! acetate (2x200mL).
The combined organic extracts were washed with 5 % aqueous NaHCQg, brine, dried
{KoCO,), filtered and concentrated to provide the title compound as a white solid

(60.0g, 92%).

5.0.1.150 N-Acetyl-2-ethyl-2’-methyldiphenylamine

[0216] A mixture of the N-acetyl-2-ethylaniline (35.0 g, 215 mmol}, anhydrous CUs; CO4
(70.0g, 215 mmol), CuBr (2.86 g, 20 mmol), KI (3.33 g, 20 mmol) and 2-bromotoluene
{78 mL, 640 mmol) was stirred and heated at 175°C to 180°C under an argon at-
mosphere for 48h. After cooling the reaction mixture was poured into ice-HoO and
extracted with ethyl acetate (2x200 mL}, the combined organic extracts were washed
with brine, dried over anhydrous Ko.CQj, filtered and concentrated to dryness. The
obtained crude material was purified by flash chromatography (using ethyl acetate -

hexane as an eluent) to afford the N-acetyl-2-ethyl-2'-methyldiphenylamine (35.4 g,

65 %)

5.0.1.151 2-Ethyl-2'-methyldiphenylamine

[0217] & solution of the N-acetyl-2-ethyl-2'-methyldiphenyl-amine (32.5g, 128 mmol)
in 10% KOH (72g, 1.28mol}/EtOH (120 mL) was stirred and refluxed for 6h, then
poured into HyQ. The mixture was extracted with ethyl acetate (2x100mL). The
combined organic layers were washed with brine, dried (NapSQO,), filtered and con-

centrated to dryness, gave dark red oil (21.1g, T8%).
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5.0.1.152 1-Ethvl-8-methyl-10H-phenothiazine

[0218] to a 2-ethyl-2'-methyldiphenylamine (3.0 g, 14.2 mmol), sulfur (909 mg, 28.4 mmol)
and iodine (601 mg, 4.7mmol} were added. Vial was charged with balloon for dis-
charge. The heating biock was preheated (150 °C). The vial was heated on the heating
block and after 15 min. Temperature was increased to 210 °C, reaction mixture was
stirred and heated for an additional 1h. The mixture was allowed to cool to 90°C.
The dark solid material was dissolved in mixture methanol/chloroform and purified
by flash chromatography (ethyl acetate - hexane as an eluent) to afford the desired

product (790mg, 23%).

5.0.1.153 1-Ethyl-9-methylphenothiazin-5-ium tetraiodide hydrate

[0219} a solution of 1-ethyl-9-methyl-10H-phenothiazine (4.83g, 20mmol) in anhy-
drous chloroform (30mL) was stirred at 5°C and the solution of iodine (15.25g,
60 mmol) in CHCl; (300 mL) was added drop wise over 3h. The resulting dark so-
lution was stirred for an additional 3h at 5°C, monitored by TLC. After the disap-
pearance of the starting material, the resulting precipitate was filtered, washed with
a copious amount of chloroform, dried overnight in vacuum to afford a dark sclid

(9.18 g, 60 %).

5.0.1.154 3,7-(Di(4~-methylpiperazin-1-yl)-1-ethyl-9-methylphenothiazin-5-
ium iodide

(0220] A solution of I-ethyl-9-methylphenothiazin-5-ium tetraiodide hydrate (50 mg,
(.07 mmol) in methanol (10 mL) and I-methylpiperazine (30 mg, 0.3 mmol} was stirred
for 2h at room temperature. The resulting mixture was concentrated to dryness and
purilied by flash chromatography using the methanol-chloroform gradient to provide

the title compound.

3-(Dimethylamino)}-8-ethyl-1-methyl-7-{4-methylpiperazin-1-yl}phenothiazin-

F-ium iodide
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5.0.1.155 3-(Dimethylamino)-1-ethyl-9-methylphenothiazin-5-ium triiodide

{0221] To the stirred mixture of 9-ethyl-1-methylphenothiazin-5-ium tetraiodide hy-
drate {383 mg, 0.5 mmol) in anhydrous CHCly (20 mL) dimethylamine {0.5 mL, 1.0 mmol,
2™ solution in THF) was added drop wise over 4h. The resulting mixture was stirred

at room temperature overnight, concentrated to dryness.

5.0.1.156 3-(Dimethylaminoc)-1-ethyl-8-methyl-7-(4~-methylpiperazin-1-yl)-
phenothiazin-3-ium iodide

10222] a solution of 3-{dimethylamine)-1-ethyl-9-methylphenothiazin-5-ium triiodide
(137mg, 0.21 mmol) in methanol (10 mL) and l-methylpiperazine (30 mg, 0.3 mmol)
was stirred for 2h at room temperature. The resulting mixture was concentrated to
dryness and purified by Hash chromatography using the methanol-chloroform gradient

to provide the title compound.

5.0.1.157 3-(Dimethylamino)-1-ethylk9-methyl-7-(4-(trifluoromethylsulfo-
nyl)piperazin-1-yl) phenothiazin-53-ium iodide

[0223] To a solution of 3-(dimethylamino)-1-ethyl-9-methylphenothiazin-3-ium triio-
dide (100mg, 0.15 mmol) in methano! (10 mL), 4-(triflucromethylsulfonyl)piperazin-
I-ium hydrochioride (115 mg, 0.45 mmol) and triethytamine (0.15mL, 1mmol) was
stirred for 2h at room temperature. The resulting mixture was concentrated to dry-
ness and purified by flash chromatography using the methanol-chloroform gradient to

provide the title compound.

5.0.1.158 3-(4-(Cyclopropylsulfonyl)piperazin-1-y1)-7-(dimethylamino)-9-
ethyl-1-methyl-phenothiazin-5-ium iodide

[0224] To a solution of 3-(dimethylamino)-1-ethyl-9-methylphenothiazin-5-ium triio-
dide (200mg, 0.30mmol) in acetonitrile (10mL), 4-(cyclopropylsulfonyl)piperazin-
I-ium hydrochioride (114 mg, 0.5mmol) and triethylamine {0.15ml, 1 mmol) was

stirred for 4 h at room temperature. The resulting mixture was concentrated to dry-
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ness and purified by flash chromatography using the methanol-chloroform gradient to

provide the title compound.

3-(Bis(2-methoxyethyl)amino)-1-ethyl-8-methyl-7-{4-methylpiperazin-1-yl)-

phenothiazin-5-ium iodide

5.0.1.159 3-(Bis(2-methoxyethyl)amino)-1-ethyl-8-methylphenothiazin-5-
ium triiodide

[0225] To the stirred mixture of 9-ethyl-1-methylphenothiazin-5-ium tetraiodide hy-
drate (383mg, 0.5mmol} in anhydrous CHCl3 (20mlL) Bis(2«1116'(31’10};yethy£)amine
(133mg, 1.0 mmol was added drop wise over 4h. The resulting mixture was stirred

at room temperature overnight and concentrated to dryness.

5.0.1.160 3-(Bis(2-methoxyethyl)amino)-1-ethyl-8-methyl-7-(4-methylpip-
erazin-1-yl)phenothiazin-5-ivm iodide

10226 A solution of 3-(bis(2-methoxyethyl)amino)-9-ethyl-1-methylphenothiazin-5-
um trijodide (150 mg, 0.2 mimol) in methanol (16 mL) and 1-methylpiperazine (30 mg,
0.3 mmol) was stirred for 2h at room temperature. The resulting mixture was concen-
trated to dryness and purified by flash chromatography using the methanol-chloroform

gradient to provide the title compound.

1-Bthyl-8-methyl-)-7-(4-(methylsulfonyl}-1,4-diazepan-1-y1}-3-(pyrrolidin-
1-y1) phenothiazin-5-ium iodide

3.0.1.161 1-Ethyl-8-methyl-3-(pyrrolidin-1-yl)phenothiazin-5-ium triiodide
{0227] To the stirred mixture of 9-ethyl-1-methylphenothiazin-5-ium tetraiodide hy-
drate (383mg, 0.5 mmol) in anhydrous CHCly {20 mL) pyrrolidine (71 mg, 1.0 mmol}

was added drop wise over 4 h. The resulting mixture was stirred at room temperature

overnight and concentrated to dryness.
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5.0.1.162 1-Ethyl-9-methyl-7-(4-methylsulfonyl)-1,4~-diazepan-1-y1)-3-(pyr-
rolidin-1-yl)-phenothiazin-5-ium iodide

[0228] A solution of3-{pyrrolidin-1-y1)-1-ethyl-9-methyiphenothiazin-5-ium triiodide
(160 mg, 0.23mmol) in methanol (10 mL), 4-(methylsulfonyl)-1,4-diazepan-1-ium hy-
drochloride (150 mg, 0.7 mmol) and triethylamine (0.15ml, 1 mmol) was stirred for
4h at roomtemperature. The resulting mixture was concentrated to dryness and pu-
rified by flash chromatography using the methanol-chloroform gradient to provide the

title compound.

5.0.1.163 3-(4-(cyclopropylsulfonyl)piperazin-1-yl)-8-ethyl-1-methyl-7-(pyr-
rolidin-1-yl)-phenothiazin-5-ium iodide

10229} To a solution of 3-(pyrrolidin-1-yl)-1-ethyl--methylphenothiazin-5-ium triio-
dide (150 mg,0.20mmol) in acetonitrile {10mL), 4-(cyclopropylsulfonyl)piperazin-1-
ium hydrochloride (91 mg, 0.4 mmol) and triethylamine (40mg, 0.4 mmol) was stirred

for 41t at room temperature. The resulting mixture was concentrated to dryness and
purified by flash chromatography usingthe methanol-chloroform gradient to provide

the title compound.

3,7-Bis(4-Boc-1,4-diazepan-1-yl)-1-ethyl-9-methyl-phenothiazin-5-ium iodide

5.0.1.164 3-(4-Boc-1,4-diazepan-1~yl)-1-ethyl-9-methyl-phenothiazin-5-ium
triiodide

[0230] to the stirred mixture of 9-ethyl-1-methylphenothiazin-5-ium tetraiodide hy-
drate (153 mg, 0.2mmol) in anhydrous CHClg (10mL) 1-Boc-1,4-homopiperazine
(60 mg, 0.3 mmol) was added drop wise over 2h. The resulting mixture was stirred

at room femperature overnight, concentrated to dryness.
5.0.1.1656 3,7-Bis(4-Boce-1,4-diazepan-1-yl)-1-ethyl-9-methyl-phenothiazin-

5-1um iodide

[0231] A solution of 3-(4-Boc-1,4-diszepan-1-yl)-1-ethyl-9-methyl-phenothiazin-5-ium
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triiodide (100 mg, 0.12mmol) in methanol (10mb) and 4-Boe-1,4-diazepane (100 mg,
0.5 mmol) was stirred for 4h at room temperature. The resulting mixture was concen-
trated to dryness and purified by flash chromatography using the methanocl-chioroform

gradient to provide the title compound.

3-(4-Boc-1,4-diazepan~1-yl)-1-ethyl-g-methyl-7-(pyrrolidin-1-yl)-phenothiazin-

S-ium iodide

5.0.1.166 3-(4-Boc-1,4-diazepan-1-yl)-1-ethyl-9-methyl-7-(pyrrolidin-1-yI}-
phenothiazin-5-ium iodide

[0232] & solution of 3-(4-Boe-1 4-diazepan-1-yl)-1-ethyl-9-methyl-phenathiazin-5-ium
triiodide (100 mg, 0,12 mimol} in methanol (10mL)} and pyrrolidine (71 mg, 1.0 mmol)
was stirred for 4h at room temperature. The resulting mixture was concentrated to
dryness and purified by flash chromatography using the methanol-chioroform gradient

to provide the title compound.

3,7-di(1,4-Diazepan-1-yl)-1-ethyl-8-methyl-phenothiazin-5-ium trifftuoroac-

etate

5.0.1.167 3,7-di(1,4-Diazepan-1-yl)-1-ethyl-9-methyl-phenothiazin-3-ium io-~
dide

[0233] a solution of 3,7-bis(4-Boc-1,4-diazepan-1-yi)-1-ethyl-9-methyl-phenothiazin-5-
ium iodide (75 mg, 0.01 mmol) in dichloromethane (16ml} and trifinoroacetic acid
(1.0ml:) was stirred for 3h at 50°C. The resulting mixture was washed by toluene

(2x5ml}, pentane (2x5mL) and concentrated to dryness.

3-(1,4-diazepan-1-yl)-1-ethyl-9-methyl-7-(pyrrolidin-1-yl)-phenothiazin-5-ium

trifiuoroacetate
5.0.1.168 3-(1,4-Diazepan-1-yl}-1-ethyl-9-methyl-7-(pyrrolidin-1-yl}-phe-

nothiazin-3-ium iodide

10234] A solution of 3-(4-Boe-1,4-diazepan-1-yl)-1-ethyl-9-methyl-7-(pyrrolidin- 1-yl)-

90



WO 2011/137447 PCT/US2011/034818

phenothiazin-5-ium iodide (65 mg, 0.01 mmol} in dichloromethane (10 ml) and triflu-
oroacetic acid (1.0 mL) was stirred for 3h at 50°C. The resulting mixture was washed

by toluene (2x5mL), pentane {2x5mL) and concentrated to dryness.

3-(4-Boc-piperazin-1-y1}-1-ethyl-8-methyl-7T-morpholino-phenothiazin-5-ium
iodide

5.0.1.169 3-(4-Boc-piperazin-1-yl)-1-ethyl--methyl-phenothiazin-5-ium tri-
iodide

10235} to the stirred mixture of 9-ethyl-1-methyiphenothiazin-5-ium tetraiodide hy-
drate (383 mg, 0.5 mmol) in anhydrous CHCl3 (20 mL) 1-Boc-piperazine (93 mg, 0.5 mmol)
was added drop wise over 4h. The resulting mixture was stirred at room temperature

overnight, concentrated to dryness.

5.0.1.170 3-(4-Boc-piperazin-1-yl)-1-ethyl-9-methyl-7-morpholino-pheno-
thiazin-5-ium iodide

10236] a solution of 3{4Bocpiperazinlyl)lethyl9methylphenothiazinbium triiodide (403 mg,
0.5 mmol} in acetonitrile {10mL) and morpholine (70mg, 0.8 mmol} was stirred for

4h at 50°C. The resulting misture was concentrated to dryness and purified by
flash chromatography using the methanol-chloroform gradient to provide the title

compound.

1-Ethyl-8-methyl-7T-morpholino-3-(piperazin-1-yl)-phenothiazin-3-ium tri-

flucroacetate

5.0.1.171  1-Ethyl-9-methyl-7-morpholino-3-(piperazin-i-yl)-phenothiazin-
j-iurm trifluoroacetate

{0237} a solution of 3-(4-Boe-piperazin-1-yl)-1-ethyi-9-methyl-7-morpholino-pheno-
thiazin-5-ium iodide (65mg, 0.01mmol) in dichloromethane (10mL) and trifluc-
roacetic acid (1.0 mL) was stirred for 1 h at 50°C. The resulting mixture was washed

by toluene (2x5mL}, pentane (2x5mL) and concentrated to dryness.
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5.0.2 Biological Activity of Compounds

5.0.2.1 Respiratory Viruses

[0238] The activities of compounds of the invention were determined for the following
viruses using the protocol below:

e Corona Virus on MRC5H Cells

Influenza Virus A on MDCK Cells

&

Respiratory Syncytial Virus on HEpR2 cells

L2

Adenovirus serotype 5 on A549 cells

Hueman Rhinovirus on HiHela Cells

L]

Herpes Simplex Virus 1 on Vero cells

[0239] Virus was grown in the presence of four dilutions (10pM, 2pM, 0.4uM and
0.08 pa} of the chemical compound tested with two controls using standard methods
and materials for the relevant virus. The infected cell extract was collected using
known methods, and the infectious virus concentration was determined using standard

techniques.

10240] Each well was titrated by TCIDse. Four serial dilutions in guadruplicate re-
quired to determine the titer of each well. To assay 36 replicates as directed, one
hundred eight (108) 96-well plates will be required. Fach drug was tested at four

dilutions against one virus will require TCIDj, titers of 18 sample wells.
5.0.2.2 Monkey Pox Virus
[0241] Compounds of the invention were tested for actvitiy against monkey pox virus

using the following protocol:

1. Infected cells with target dose of 100 PFU /well MPXV.
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2. One hour later, removed the virus solution and wash cells with media and

aspirated.

3. Added serial half-log dilutions of compounds in methyl cellulose to triplicate
wells; methyl cellulose is semisolid media which contains viras in one location,
so only the adjacent cells are infected. Each plate included a positive control of

virus only wells (triplicate), with methyl cellulose overlay.

4. Four days later, removed the media from wells and added erystal violet to stain

the cells.

. After 20 min to 30 min later, washed the cells with ddH,0 and dried.

ot

6. Counted the plagues.

7. Compared plaque numbers of compound wells with the plaque numbers in virus
only wells and determined the difference (percentage) of inhibition vs. protec-

tion.

5.0.2.3 Marburg Virus
10242] Compounds of the invention were tested against Marburg virus using the fol-

lowing proteol:

[0243] Dimethylsulfoxide (DMSO) in 5 mM concentration was used as a solvent for
the compounds and as a control. The compounds tested were stored under argon.
Each compound was provided in a vial. The experiments were performed on 24-well

plate.
[0244! Incubation of Compounds With Cells.

Day 0: Plated Vero cells at 1 x 10° cells/well in a 1 mL volume of medium (24-weli

plate), and incubated overnight.

Day 1:
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. Following sterile procedure, diluted each of the four compound stocks in DMSO

to concentrations 100-fold greater than will be used in the treatment wells.

. Further diluted the DMSO stocks 1:100 in EMEM with 10 % FBS/Pen/Strep to

generale treatments containing 1% DMSO. To generate DMSO control media,

diluted DMSO (no compound) to 1% in EMEM with 10% FBS/Pen/Strep.

Aspirated the media in cell plates and added 1 ml of compound or control to

the appropriate wells.

4. Incubated plate overnight.
Day 2:
1. Dilute virus: Diluted MARV to a concentration of 1 x 10°pfu/mL EMEM

with 10 % FBS/Pen/Strep.

. Infection: Removed media from welis and applied 100 plL diluted virus to each

well, except mock-infected well. Applied 100 L, EMEM with 10 %FBS to the
mock-infected well. Incubated the plate for 1h at 37°C, rocking the plate gently

every 15 min to prevent the cell monolayer from drying out.

. Wash cells and add compound: After the one-hour infection period, aspi-

rated the virus from the wells and add 1mL PBS to each well. Aspirated the
PBS and immediately added 1 mL diluted compound to the appropriate wells.
The DMSO control and mock-infected wells received 1 mL of the DMSO control

meadia.

. Critical Treatments:

(a) Compound Treatment Wells
(b) DMSO control media + virus

(c) DMSO control media no virus {Mock)

Incubated the plates at 37°C under 5% CO, for 72h.
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Day 3: Removed as much media as possible from each well and stored at —80°C.
[0245] Determination of plagues.

Day 0: Seeded 6-well plates with 2.5 x 10° Vero cells/well in 2mL volumes of medium.

Incubated overnight.

Day 1:

1. In deep-well 96-well plates prepared six 1:10 serial dilutions of supernatants from
each well beginning with 1:10 and ending with 1:8 in300 pL volumes EMEM with
2%FBS:

{a) Diluted 60 pL undiluted supe into 540 uL EMEM with 2% FBS = 1:1.
(b) Diluted 60 pL of the 1:1 supe into 540 pL EMEM with 2% FBS = 1:2.
(c) Diluted 60 pL of the 1:2 supe into 540 pE EMEM with 2% FBS = 1:3.
{d) Dituted 60pL of the 1:3 supe into 540 uL, EMEM with 2% FBS = 1:4
(e) Diluted 60pL of the 1:4 supe into 540 pl, EMEM with 2% FBS = 1:5
(f) Diluted 60 ul. of the 1:5 supe into 540 pL EMEM with 2% FBS = 1:6

2. Prepared 2% agarose and place in a 37°C water bath to prevent the solution
from sclidifying. Prewarm 2xEMEM in a 37 °C water bath.

(a) Volume of agarose needed = 12ml per undiluted supe sample + extra.
(b) Volume of 2x EMEM needed is the same.

3. Removed culture supernatant from plated cells and add200 ul. of diluted culture

supernantant in duplicate to appropriate wells, according to plate diagram.

4. Incubated each plate for 1h at 37°C under 5% COsy, rocking the plate gently

every 15 minute.

. After plates had incubated for 1 h, combined the 2 % agarose with the 2x EMEM

o

and mixed well. Gently applied 2 mL overlay to each well without removing the
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moculum and swirled the plate gently to mix the inoculum in with the overlay.

Repeated this process to apply overlays to each plate.
6. Allowed the overlays to solidify at room temperature for 1h.
7. Incubated the plates for 5d at 37°C under 5% CO,.

8. Stained the cells using a secondary overlay containing neutral red and incubate

for 24 h.

9. Quantified the plagues in each well.

5.0.2.4 Influenza Virus
[6246] Compounds of the invention were tested for activity against Influenza virus

using the following protocol:

1. MDCK (Madin-Darby canine kidney}) cells were plated in three 96-well plates
{6 x 10* per well) and cultured overnight. The next day the cells were inspected
with a microscope to document the confluence. The required amount of wells
were infected with the fow! plague virus (Influenza A /H7N7/Bratislava/1979)
with an MOI of 1 (assuming duplication of cells over night to generate
1.2 x 10° PFU/well). Infection was performed with 200 pL of virus suspension.
All three plates were treated identically and served as triplicates. On each plate
was one well with one concentration of substance, three wells with the highest
concentration of DMSO that is used on the plate, and three wells with the
lowest concentration of DMSO that is on the plate. In addition there were three
infected wells that were cultured with cell culture medinm without additional
substance. There also were 12 wells on every plate that were not infected and

served as controls for the cpe determination and for the neutral red staining.

2. Substances were diluted before cells were infected and plates in 96-well plates

so that they could easily be plated on the infected cells.

3. Infection was performed for 30 min at 37°C in a cell culture incubator.
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. After infection the cells were washed once with infection-PBS. During washing

the cell monolayer was inspected with a microscope, and damaged monolayers
were excluded from testing. Uninfected wells were mock infected with infection-

PBS and aiso inspected visually.

. The pattern of substances on every individual plate was marked on the top of

the plate and on a scheme.

An aliquote of 250 pL of diluted substance was used and cells were incubated
for 16 h. After incubation time the cell monolayer was again inspected and cpe

was monitored and recorded.

supernatants of the first plate were transferred to a 96-well ELISA-plate and

kept cool for titration, which wass performed later the same day.

Cells of this plate were washed carefully with PBS again inspected at the mi-
croscope and then stained with neutral red {which is staining the living cells)
for 3 hours at 37°C (neutral red is used at the concentration 1 mg/20 mL MEM;

200 pL /well.

In the meantime the dilutions for the titration were generated in a 96-well plate
by diluting the supernatants 1:10. A 100 ul. aliquot of undiluted supernatant
and five ditutions (from 107" to 107° were used to infect 24-wells of MDCK
monolayers of cells. This means that at this time point we only titrate one
unique copy of every tested substance. The other three plates were immediately

frozen at —70°C and stored until titration.

The neutral red staining was stopped by washing the monolayer three times very
carefully with PBS and the plate was dried on celiulose to eliminate residual

PBS.

The neutral red was dissolved from the cells by using Ethanol/acidic acid for

1omin on a plate rocking platform.
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12. The Ethanol/acidic acid was transferred to an Elisa-plate and measured at

570 nm in an Elisa-reader.

13. The percentage of live cells was calculated setting the non-infected cells to

100 %.

3.0.2.5 Ebola Virus
[0247] Compounds of the invention were tested for activity against Ebola virus using

the following protocol:
Concentration of Compound: 10mM DMSO stock. Day O:

Vero cells were plated at 1 x 10° cells/well in a 1mL volume of medium (24-well

plate), and incubate overnight.
Day 1: Compound Dilutions
1. Following steriie procedure, diluted each of the four compound stocks in DMSO
to concentrations 100-fold greater than will be used in the treatment wells.

2. Further diluted the DMSO stocks 1:100 in EMEM with 10% FBS/Pen/Strep to
generate treatments containing 1% DMSO. To generate DMSO control media,

diluted DMSO (no compound) to 1% in EMEM with 10% FBS/Pen/Strep.

Aspirated the media in cell plates and add 1 mL of compound or control to the

F—O

appropriate wells,
4. Incubated plate overnight.
Day 2:

1. Diluted virus.: Diluted EBOV to a concentration of 1 x 10° PFU /mL Ragle’s
Minimum Essential Medium (EMEM) with 10 % FBS/Pen/Strep.

2. Infection.: Removed media from wells and applied 100 ul. diluted virus to each

well, except mock-infected well. Applied 100 pL) EMEM with 10 %FBS to the
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mock-infected well. Incubated the plate 1h at 37°C, rocking the plate gently

every 15 min to prevent the cell monolayer from drying out.

J. Washed cells and added compound. After the 1h infection peried, aspi-
rated the virus from the wells and added 1 mL PBS to each well. Aspirated the
PBS and immediately added I mL diluted compound to the appropriate wells.
The DMSO control and mock-infected wells received 1 mL of the DMSO control

media.
4. Critical Treatments:

(a) Compound Treatment Wells
(b} DMSO control media + virus

{¢) DMSO control media no virus (Mock)

. Incubated the plates: Incubated the plates at 37 °C under 5% CQ, for 72 h.

653 )

Day 3:

Removed the supernatant from infected plates: Removed as much media as

possible from each well and stored at —80°C,
Plaque Assay:

Day C:

L. Seeded 6-well plates with 2.5 x 10° Vero cells /well in 2 mL volumes of medium.

Incubated overnight.
Day 1:
i. In deep-well 96-well plates prepared six 1:10 serial dilutions of supernatants

from each well beginning with 1:10 and ending with 1:10% in 500 uL. volumes of

EMEM with 2% ¥FBS;
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-1

{a) Diluted 60 uL undiluted supe into 540 L, EMEM with 2 %FBS = 1:10¢,

(h) Diluted 60 pL of the 1:10 supe into 540 pL. EMEM with 2 %FBS = 1:10%.
(c) Diluted 606l of the 1:107 supe into 540 L EMEM with 2 %FBS = 1:10%
(d) Diluted 60 uL of the 1:10% supe into 540 pL. EMEM with 2 %FBS = 1:10*
(e) Diluted 601l of the 1:10* supe into 540 y. EMEM with 2 %FBS = 1:10°

(I Diluted 60 uL of the 1:10° supe into 540 nI. EMEM with 2 %FBS = 1:10°

. Prepared 2% agarose and placed in a 37 °C water bath to prevent the solution
£ P

from solidifying. Prewarmed 2xEMEM in a 37°C water bath.

{a) Volume of agarose needed == 12mL per undiluted supe sample + extra.

(b) Volume of 2xEMEM needed is the same.

Removed culture supernatant from plated cells and added 200 uL of diluted cul-

ture supernantant in daplicate to appropriate wells, according to plate diagram.

. Incubated each plate for 1 h at 37°C under 5% COs, rocking the plate gently

every 15 min.

. After plates had incubated for 1 h, combined the 2 % agarose with the 2xEMEM

and mixed well. Gently applied 2 mL overlay to each well without removing the
inoculum and swirled the plate gently £o mix the inoculum in with the overlay.

Repeated this process to apply overlays to each plate.

. Allowed the overlays to solidify at room temperature for 1 h.

Incubated the plates for 5d at 37°C under 5% CO,.

Stained the cells using a secondary overlay containing neutral red and incubated

for 24 h.

. Quantified the plagues in each well.
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5.0.2.6 Dengue, Easter Equine Encephalitis, Venezuelan Equine Encephali-
tis, Western Equine Encephalitis, West Nile, and Chikungunyé Viruses
[0248] Compounds of the invention were tested for activity against Dengue, Easter
Equine Encephalitis, Venezuelan Equine Encephalitis, Western Fquine Encephalitis,

West Nile, and Chikungunya Viruses using the following protocol:

1. The Set test sample was set up in ten-fold dilutions across a 96-well plate. A
mixture of 270 pL HBSS with HEPES and 2% FBS with Pen/Strep or complete
media 2% FBS was added to each well. To the first well in each row 30pL of
test sample was introduced {i.e, a 1:10 dilution) and mixed. A 30pul aliquot
was tranferred from the frst well to next well, and so on. Dilutions cut to well
#9 were made to proivde a range of dilutions from 107! to 107° Be sure to

discard tips between transfers.

2. Once dilutions were ready the plates were labeled with sample number and
dilutions {plates can be labeled at any time prior to infection). Fach dilution
was plated on two wells. If plating dilutions 107! to 1079, requires three plates

per sample.

3. The media was removed from six-well plates by inverting over a dispo pan
containing microchem disinfectant. Then 100 pl was added to each well of
virus dilution. A duplicate was done to obtain an average. The plates were
incubated at 37°C, 5% CO, for 1h with occasional rocking (approximately

every 15 minj.

4. Preparation of media and agarose for overlay. Final concentration 1 x EMEM,
10% FBS, 1% Pen/Strep, 0.1 % gentamycin, in a 0.6 % agarose solution (see
cell culture overlay without neutral red chart). Added about 2ml of overlay to
each well and returned to the incubator. (It is not necessary to allow to solidify

prior to placing in the incubator.} Incubated overnight at 37°C, 5% COs.

5. Next day: The resulting plaques were visualized with Neutral Red. A me-

dia/agarose overlay was prepared as above with 4 % neutral red solution added
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to the media/agarose overlay as prepared in Step 4 (see cell culture overlay with

neutral red overlay chart). Added about 2mL ml per well.
6. Incubated the plates overnight at 37°C, 5% CO..

7. Counted plaques.

[0249] The results of the above-described assays for some compounds of the invention
are provided in the Figure. As will be appreciated by those having ordinary skill in
the art, the compounds of the invention display surprisingly strong anti-viral prop-
erties across a startlingly wide range of viruses, especially viruses associated respi-
ratory diseases including, but not limited to, bronchiolitis, the common cold, croup,
influenza, and pneumonia. In particular, the compound 3-(dimethylamino}-1,9-di-
methyl-7-(4-methylpiperazin-1-yl)phenothiazin-5-ium iodide displayed surprisingly

strong activity across ail of the respiratory viruses tested, demonstrating unprece-

in fact syndromes cansed by multiple factors, especially multiple viruses, these results
demonstrate that compounds of the invention can be treatments for diseases in which
a virus (or multiple viruses) is an etiological component of a respiratory syndrome, in
particular a respiratory syndrome selected from the group consisting of: bronchiolitis,

the common cold, croup, influenza, and pneumonia.

6 Conclusion

[6250] The above description of the embodiments, alternative embodiments, and spe-
cific examples, are given by way of iflustration and should not be viewed as limiting,
Further, many changes and modifications within the scope of the present embodiments
may be made without departing from the spirit thereof, and the present invention

includes such changes and modifications.
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CLAIMS
1. A compound having the structure:
Rt’) Rl
RY N R?
R R?b
RQQ
3P N S N
) | ng\ R 95
Y---x8 RS R3 N
RSP %17 TNgle

and its pharmaceutically acceptable salts, hydrates, and coordination compounds,
wherein:

R®is halo or optionally substituted alkyl,

R'-R®and R"*-R™ are selected independently from the group consisting of: hydrogen,
halo, cyano, nitro, thio, amino, carboxyl, formyl, and optionally substituted alkyl,
alkylcarbonyloxy, aryicarbonyloxy, heteroaryicarbonyloxy, cycloalkyicarbonyloxy,
cycloheteroalkylcarbonyloxy, aralkylcarbonyloxy, heteroaralkylcarbonyloxy,
{cycloalkyhalkylcarbonyloxy, (cycloheteroalkyl)alkylcarbonyloxy, alkylcarbonyl, arylcarbonyi,
heteroarylcarbonyl, cycloalkylcarbonyl, cycioheteroalkylcarbonyl, aralkylcarbonyl,
heteroaralkylcarbonyl, {cycioalkyllalkylcarbonyl, {cycloheteroalkyl)alkylcarbonyt,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,

heteroaralkylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino,
heteroarylcarbonylamino, cycloalkylcarbonylamino, cycloheteroalkylcarbonytamino,
aralkylcarbonylamino, heteroaralkylcarbonylamino, {cycloalkyl)alkylcarbonylamino,

(cycloheteroalkyllalkylcarbonylamine, dialkylamino, arylamino, diarylamino, aralkylamino,
diaralkylamino, heteroarylamino, diheteroarylamino, heteroaralkylamino,
diheteroaralkylamino, alkylsulfonyl, arylsulfonyi, hetercarylsuonyl, cycloalkyisulfonyl,
aralkylcarbonylthiooxy, carbonylthio, heteroaralkylcarbonylthio, (cycloalkyloxy)carbonyithio,
(cycloheteroalkyl)alkylcarbonyithio, alkyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cycloheteroalkyloxycarbonyl,
aralkyioxycarbonyloxioxycarbonyl, heteroaralkyloxycarbonyl, (cycloalkyhatkyloxycarbonyi,
(cycloheteroalkyllalkyloxycarbonyl, iminoalkyl, iminocycloalkyl, iminocycloheteroalkyl,
iminoaralkyl, imincheteroaralkyl, {(cycloalkyliminoalkyl, and (cycloheteroalkyl)iminoalkyl;

R™ is hydrogen or optionally substituted alkyl, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, cycloalkylcarbonyl, cycloheteroalkylcarbonyl, aralkylcarbonyl,
heteroaralkylcarbonyl, {cycloalkyhalkylcarbonyl, (cycloheteroalkylalkylcarbonyl,
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alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,
heteroaralkylaminocarbonyl, alkylsulfonyl, arylsulfonyl, heteroaryisufonyl, cycloalkylsulfonyl,
alkyloxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl,
cycloheteroalkyloxycarbonyl,  aralkyloxycarbonyloxycarbonyl,  heteroaralkyloxycarbonyl,
(cycloalkyhalkyloxycarbonyi, and (cycloheteroalkyl)alkyloxycarbonyl;

X' is (CRR'™),, wherein m is either 1 or 2 such that each of R and R,
independently for each value of m, is selected independently from the group consisting of:
hydrogen, halo, cyano, nitro, thio, amino, carboxyl, formyl, and optionally substituted alkyl,
atkylcarbonyloxy, arylcarbonyloxy, heteroarylcarbonyloxy, cycloalkylcarbonyloxy,
cycloheteroalkylcarbonyloxy, aralkylcarbonyloxy, hetercaralkylcarbonyloxy,
{cycloakkylalkylcarbonyloxy, (cycicheteroalkyl)alkylcarbonyloxy, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, cycloalkylcarbonyl, cycloheteroalkylcarbonyt, aralkylcarbonyl,
heteroaralkylcarbonyi, {cycloalkyhatkylcarbonyl, (cycloheteroalkyl)alkylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,
hetercaralkylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino,
heteroarylcarbonylamino, cycloalkylcarbonylamino, cycloheteroalkylcarbonylamino,
aralkylcarbonylamino, heteroaralkylcarbonylamino, (cycloalkyDalkylcarbonylamino,
(cycloheteroalkyl)alkylcarbonylamino, diatkylamino, arylamino, diarylamino, aralkylamino,
diaratkylamino, heteroarylamino, diheteroarylamino, heteroaralkylamino,
diheteroaralkylamino, alkylsulfonyl, arylsulfonyl, heteroarylsuifonyl, cycloalkylsulfonyl,
aralkyicarbonyithiooxy, carbonylthio, heteroaralkylcarbonylthio, (cycloalkyloxy)carbonylthio,
(cycloheteroalkyl)alkylcarbonylthio, alkyloxycarbonyl, aryioxycarbonyl,
heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cycloheteroalkyloxycarbonyt,
aralyoxycarbonyloxioxycarbonyl, heteroaralkyloxycarbonyl, (cycloalkyl)alkyloxycarbonyl,
(cycioheteroalkyl)alkyloxycarbonyl,  iminoalkyl, iminocycioal'kyl, iminocycloheteroalkyl,
iminoaralkyl, iminoheteroaralkyl, {cycloalkyl)iminoalkyl, and (cycloheteroalkyl)iminoalkyl

Y is optionally present; and

when Y is present, Y is NR™, O, S, SO, or SO? or a single or doubie bond between
X?and X

R™ is hydrogen or optionally substituted alkyl, alkylcarbonyi, arylcarbonyi,
heteroarylcarbonyl, cycioalkylcarbonyl, cycloheteroalkylicarbonyit, aralkylcarbonyl,
heteroaralkylcarbonyl, (cycloélkyi)alkylcarbonyl, (cycloheteroalkyl)alkylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,
heteroaralkylaminocarbony!, alkylsulfonyl, arylsulfonyl, heteroarylsufonyl, cycloalkylsulfonyl,
atkyloxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl,
cycloheteroalkyloxycarbonyl,  aralkyloxycarbonyloxycarbonyl,  heteroaralkyloxycarbonyl,
{cycloalkylalkyloxycarbonyl, and (cycloheteroalkyl)alkyloxycarbonyl; and
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X? and X° are (CR™R'®), and (CR™R'), respectively, wherein each of n and o is
independently either 1, 2, or 3 such that the sum n + o is either 3, 4, or 5, and independently
for each value of the n and o methylene units of X?and X°, each of R®, R¥, R™, and R is
selected independently from the group consisting of: hydrogen, halo, cyano, nitro, thio, |
amino, carboxy, formyl, and optionally substituted alkyl, alkylcarbonyloxy, arylcarbonyloxy,

heteroarylcarbonyloxy, cycloalkylcarbonyloxy, cycloheteroalkylcarbonyloxy,
aralkylcarbonyloxy, heteroaralkylcarbonyloxy, (cycloalkyhalkylcarbonyloxy,
(cycloheteroalkyl)alkylcarbonyloxy, alkylcarbonyt, arylcarbonyl, heteroarylcarbonyl,
cycloalkylcarbonyl,  cycloheteroalkylcarbonyl,  aralkylcarbonyl,  heteroaralkylcarbonyl,
{(cycioalkyl)alkylcarbonvt, (cycloheteroalkyl)alkyicarbonyl, alkylaminocarbonyl,
arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyt,
heteroaralkylaminocarbonyt, alkylcarbonylamino, arylcarbonylamino,
heteroarylcarbonylamino, cycloalkylcarbonylamino, cycloheteroalkylcarbonylamino,
araikyicarbonylamino, heteroaralkylcarbonylamino, {(cycloalkyhalkylcarbonylamino,

(cycloheteroalkylalkyicarbonylamino, dialkylamino, arylamino, diarylamino, aralkylamino,
diaralkylamino, heteroarylamino, diheteroarylamino, heteroaralkylamino,
diheteroaralkylamino, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, cycloalkylsulfonyl,
aralkylcarbonyithiooxy, carbonylthio, heteroaralkylcarbonylthic, (cycloalkyloxy)carbonyithio,
(cycloheteroalkyl)alkylcarbonyithio, alkyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, cycloalkyloxycarbonyt, cycloheteroalkyloxycarbonyl,
aralyoxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, (cycloalkyi)alkyloxycarbonyl,
{cycloheteroalkyalkyloxycarbonyl, iminoalkyl, iminocycloalkyl, iminocycloheteroalkyl,
iminoaralkyl, iminoheteroaralkyl, (cycloalkyl)iminoalkyl, and (cycloheteroalkyl)iminoalkyl, and
when Y is not present XZis R'®and X%is R, wherein

R and R' are selected independently from the group consisting of: hydrogen and

optionally substifuted atkyl, atkylcarbonyl, arylcarbonyl, heteroarylcarbonyl,
cycloalkylcarbonyl,  cycloheteroalkylcarbonyl,  aralkyicarbonyl,  heteroaralkyicarbonyl,
{cycloalkylalkylcarbonyl, {cycloheteroalkyl}alkylcarbonyt, atkylaminocarbonyl,
arylaminccarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,

heteroaralkylaminocarbonyl, alkylsulfonyl, arylsulfonyl, heteroarylsufonyl, cycloalkylsulfonyl,
alkyloxycarbonyl, atyloxycarbonyl, heteroaryloxycarbonyl, cycloalkyloxycarbonyl, cycloheter-
alkyloxycarbonyl, aralkyloxycarbonyloxycarbonyl, heteroaralkyloxycarbonyl,
(cycloalkyhalkyloxycarbonyl, and {cycloheteroalkyljalkyloxycarbonyl

wherein when said optionally substituted alkyl is substituted, said substitution is with
a group which is hydrooxyl, nitro, amino, imino, cyano, halo, thio, thioamido, amidino, oxo,
oxamidino, methoxamidino, imidino, guanidino, sulfonamido, carboxyl, formyl, lower alkyl,
haloloweralkyl, loweralkoxy, haloloweralkoxy, lower alkoxyalkyl, alkylcarbonyl, arylcarbonyl,
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aralkyicarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, alkylthio, aminoalkyl, or

cyanoalkyl,

2. A compound of claim 1, wherein m is 1, such that X' is (CR™), thereby defining X" as
(CR'™®R™™®), said compound having the structure:

RS R!
R3 N R?
R?a R']b
RT‘M
XP—N S N
: ! R8a RQb
Y---30 RrR* R3 N
RSb ™~ Rl 0
RI ia Rl 15

wherein R'" and R'" are selected independently from the group consisting of:
hydrogen, halo, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted alkyl,
alkylcarbonyloxy, arylcarbonyloxy, heteroarylcarbonyloxy, cycioalkylcarbonyioxy,
cycloheteroalkylcarbonyloxy, aralkylcarbonyloxy, heteroaralkylcarbonyloxy,
(cycioatkyalkylcarbonyloxy, {cycioheteroaikyljaikylcarbonyloxy, aikyicarbonyl, arylcarbonyl,
hetercarylcarbonyi, cycloalkylcarbonyl, cycloheteroalkylcarbonyl, aralkylcarbonyl,
heteroaralkylcarbonyi, (cycloalkyl)alkytcarbonyl, (cycioheteroalkyl)alkylcarbonyl,
alkylaminocarbonyl, arylaminocarbony!, aralkylaminocarbonyl, heteroarylaminocarbonyl,
heteroaralkyiaminocarbonyl, alkylcarbonylamino, arylecarbonylamino,
heteroarylcarbonylamino, cycloalkylcarbonylamino, cyclohetercalkylcarbonylamino,
aralkylcarbonylamino, heteroaralkylcarbonylamino, {cycloalkylalkylcarbonylamino,
(cycloheteroalkyl)alkylcarbonylamino, dialkylamine, arylamino, diarylamino, aralkylamino,
diaralkylamino, heteroarylamino, diheteroarylamino, heterocaralkylamino,
dineteroaralkylamino, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, cycloalkyisulfonyl,
aralkylcarbonylthiooxy, carbonylthio, heteroaraikylcarbonylthio, (cycloalkyloxy)carbonylthio,
(cycloheteroalkyl)alkylcarbonylthio, alkyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyt, cycioalkyloxycarbonyl, cycloheteroalkyloxycarbonyl,
aralyoxycarboriyloxioxycarbonyl, heteroaralkyloxycarbonyl, {(cycloalkyl)alkyloxycarbonyi,
(cycloheteroalkylhalkyloxycarbonyl, iminoalkyl, iminocycloalkyl, iminocycloheteroalkyl,
iminoaralkyl, iminoheteroaralkyl, (cycloalkyl}iminoalkyl, and {cycloheteroalkyl)iminoalkyl.
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3. A compound of claim 2, wherein Y is not present, said compound having the
structure:
RS R!
R3 N R?
R7a R?b
RIS R9a
N S N
[ R8a RO
R16 R* R? N
R&b \Ria.
Rlla ik
4, A compound of claim 3, wherein each of R" and R'®is hydrogen.
5B, A compound of claim 4, wherein each of R%-R®, R"%-R* R'" and R'""is hydrogen,

each of R' and R® independently is optionally substituted alkyl, and R'® is optionally
substituted alkyl or alkyisulfonyl.

B. A compound of claim 3, wherein each of R" and R'® independently is alkyl or
alkyioxyalkyl.

7. A compound of claim 8, wherein each of R'¥ and R'® independently is alkyl.

8. A compound of claim 7, wherein each of R™and R'® independently is methy! or ethyl.
9. A compound of claim 8, wherein each of R%-R®, R™-R%™ R and R"""is hydrogen,

and R'® is hydrogen, or optionally substituted alkyl, alkyloxycarbonyl, alkylsulfonyi,
cycloalkylsulfonyl, and alkylaminosulfonyl.

10. A compound of claim 2, wherein Y is present, said compound having the structure:

RS Rl
RA N RrR2

R7a R’ib

R9a
XN2—1N S N

! RS2 R%

Y —X3 RrR* R3 N
Rgb ™~ Rio.
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11. A compound of claim 10, wherein each of n and o is 2, such that X?and X* have the
form (CR™R'™), and (CR™R™"), respectively defining thereby X? as (CR'R™*)(CR™R"*)
and X3 as (CR'#R*) (CR"™R"*), said compound having the structure:

RS R!
R N R2
Rle Rl3a RT«I R'Tb
R13d R9a
N = N
Rl?sc RMa R&z RQb
4 3
k ]4bR K 8b N 1
R R R0
14d
R RMC Rlla Rllb

wherein R™-R"" are selected independently from the group consisting of: hydrogen,
halo, cyano, nitro, thio, aming, carboxy, formyl, and optionally substituted alkyl,
alkylcarbonyloxy, aryicarbonyloxy, heteroaryicarbonyloxy, cycloalkyicarbonyloxy,
cycloheteroalkylcarbonyloxy, aralkyicarbonyloxy, heteroaralkylcarbonyloxy,
{cycloalkylalkylcarbonyloxy, (cycloheteroalkyl)alkylcarboniyloxy, aikyicarbonyl, aryicarbonyl,
heteroarylcarbonyl, cycloalkylcarbonyl, cycloheteroalkylcarbonyl, aralkylcarbonyl,
heteroaralkylcarbonyi, {cycloalkylailkylcarbonyl, {cycioheteroalkyhalkylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbony!, heteroarylaminocarbonyl,
heteroaralkylaminocarbonyl, alkyicarbonylamino, aryicarbonylamino,
heteroarylcarbonylamino, ' cycioalkylcarbonylamino, cycloheteroalkylcarbonylamino,
aralkylcarbonylamino, heteroaralkylcarbonylamino, (cycloalkyl)alkylcarbonylamino,
{cycloheteroalkyi)alkylcarbonylamino, dialkylamino, arylamino, diarylamino, aralkylamino,
diaratkylamino, heteroarylamino, diheteroarylamino, heteroaralkylamino,
diheteroaralkylamino, alkylsulfonyl, aryisulfonyl, heteroarylsuifonyl, cycioalkylsulfonyl,
araikylcarbonyithiooxy, carbonylthio, heteroaralkylcarbonyithio, (cycloalkyloxy)carbonylthio,
(cycloheteroalkyl)alkylcarbonyithio, alkyloxycarbonyl, aryloxycarbonyi,
heteroaryloxycarbonyt, cycloalkyloxycarbonyi, cycloheteroalkyloxycarbonyl,
aralvoxycarbonvioxloxycarbonyl, heteroaralkyloxycarbonyl, (cycloalkyDalkyloxycarbonyl,
(cycloheteroalkylalkyloxycarbonyl, iminoalkyl, iminocycioalkyl, iminocycloheteroalkyl,
iminoaralkyl, iminoheteroaralkyl, {cycloalkylliminoalkyl, and (cycloheteroalkylliminoalkyl.

12. A compound of claim 11, wherein each of R%-R® R™-R®, R"? R and R™.R' g

hydrogen.
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13. A compound of claim 12, wherein Y is NR*?or O.

14. A compound of claim 13, wherein Y is NR™, and R and R* are selected
independently from the group consisting of: hydrogen, or optionally substituted alkyl,
alkyloxycarbonyl, alkylsulfonyl, cycloalkylsulfonyl, and alkylaminosulfonyl.

15. A compound of claim 13, wherein Y is O.

16. A compound of claim 1, wherein m is 2, such that X' is (CR"'R""),, thereby defining
X'as (CR"#R""®YCR'"R"Y), said compound having the structure:

Rlib Rlld

wherein R'™-R"" are selected independently from the group consisting of: hydrogen,
halo, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted alkyl,
alkylcarbonyloxy, arylcarbonyloxy, heteroarylcarbonyioxy, cyctoalkylcérbonyioxy,
cycloheteroalkylcarbonyloxy, aralkylcarbonyloxy, heteroaralkylcarbonyloxy,
{cycioalkyl)alkylcarbonyloxy, (cycloheteroalkyl)alkyicarbonyloxy, alkyicarbonyl, aryicarbonyl,
heteroarylcarbonyl, cycloalkylcarbonyt, cycloheteroalkylcarbonyl, aralkylcarbonyl,
heteroaralkylcarbonyl, (cycloalkyhaikylcarbonyl, (cycloheteroalkyllalkylcarbonyi,

alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,

heteroaralkylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino,
heteroarylcarbonylamino, cycloalkylcarbonylamino, cycloheteroalkylcarbonylamino,
aralkylcarbonylamino, heteroaralkylcarbonylamino, (cycloaikyi)alkylcarbonytamino,

(cycloheteroalkyl)alkylcarbonylamino, dialkylamino, arylamino, diarylamino, aralkylamino,
diaralkylamino, hetercarylamino, diheteroarylamino, heteroaralkylamino,
diheteroarakkylamino, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, cycloalkylsuifonyi,
aralkylcarbonylthiooxy, carbonyithio, heteroaralkyicarbonylthio, (cycloalkyioxy)carbonylthio,
{cycloheteroalkylalkylcarbonylthio, alkyloxycarbaony, aryloxycarbonyl,
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heteroaryloxycarbonyl, cycioalkyloxycarbonyl, cycloheteroatkyloxycarbonyl,
aralyoxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, (cycloalkyl)alkyloxycarbonyl,
(cycloheteroalkyl)alkyloxycarbonyl, iminoalkyl, iminocycloalkyl, iminocycloheteroalkyl,
iminoaralkyl, iminoheteroaralkyl, (cycloalkylliminoalkyl, and (cycloheteroalkyl)iminoalkyl.

17. A compound of claim 18, wherein Y is not present, said compound having the
structure:
RS R!
R N R?

R?Ct R?b
le R.‘Ja
N S o N
i 53 R R
R1S R R &b N 10
1la Rllc
R Rllb Rlld

wherein R'"%-R" selected independently from the group consisting of: hydrogen,
haio, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted alkyl,
alkylcarbonyloxy, arylcarbonyloxy, heteroarylcarbonyloxy, cycloalkylcarbonyloxy,
cycloheteroalkylcarbonyloxy, aralkylcarbonylioxy, heteroaralkylcarbonyloxy,
(cycloalkyl)alkylcarbonyloxy, (cycloheteroalkyllalkylcarbonyloxy, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, cycloalkylcarbonyil, cycloheteroalkylcarbonyl, aralkylcarbonyl,
heteroaraikylcarbonyl, (cycloalkyhalkylcarbonyl, (cyclohetercalkyl)alkylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyi,
heteroaralkylaminocarbonyl, aikyicarbonyiammo, aryicarbonylamino,
heteroarylcarbonylamino, cycloalkyicarbonyiamino, cycloheteroalkylcarbonylaming,
aralkylcarbonylamino, heteroaralkylcarbonylamino, (cycloalkyhalkylcarbonylamino,
(cycloheteroalkyl)alkylcarbonylamino, dialkylamino, arylamino, diarylamino, aralkylamino,
diaralkylamino, heteroarylamino, diheteroarylamino, heteroaralkylamino,
diheteroaralkylamino, alkylsulfonyl, arylsulfonyl, heteroaryisulfonyl, cycloalkylsulfonyl,
aralkylcarbonylthiooxy, carbonylthic, heteroaralkylcarbonylthio, (cycloalkyloxyjcarbonylthic,
{cycloheteroalkyl)alkylcarbonylihio, éikyioxycarbonyi, aryloxycarbonyl,
heteroaryioxycarbonyl, cycioalkyloxycarbonyl, cycloheteroalkyloxycarbonyt,
aralyoxycarbonyloxloxycarbonyl, heteroaralkyloxycarbonyl, (cycloalkyl)alkyloxycarbony!,
(cycloheteroalkylalkyloxycarbonyl, iminoalkyl, iminocycioalkyl, iminocycloheteroalkyl,
iminoaralkyl, iminoheteroaralkyl, (cycloalkyl)iminoalkyl, and (cycloheteroalkyl)iminoalky!.
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18. A compound of claim 16, wherein Y is present, said compound having the structure:

RS R!
R3 N R?
R'y’a R"Fb

R9a
}’{E_T i R3e R
Y—X3 R R’ N

RSb —~Rl0
ila Rl ic
R Rllb Rlld

wherein R'"®-R"" are selected independently from the group consisting of: hydrogen,
halo, cyano, nitro, thio, amino, carboxy, formyl, and optionally substituted alkyl,
alkylcarbonyloxy, arylcarbonyloxy, heteroarylcarbonyloxy, cycloalkyicarbonyloxy,
cycloheteroalkylcarbonyloxy, aralkylcarbonyloxy, heteroaralkylcarbonyloxy,
(cycloalkyhalkylcarbonyloxy, {cycloheteroalkylalkylcarbonyloxy, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, cycloalkylcarbonyl, cycloheteroalkylcarbonyl, aralkylcarbonyl,
heteroaralkylcarbonyl, {cycloalkybalkylcarbonyl, (cycloheteroalkyl)alkylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, heteroarylaminocarbonyl,
heteroaralkylaminccarbonyl, alkylcarbonylamino, arylcarbonylamino,
heteroarylcarbonylamino, cycloalkylcarbonylamino, cycioheteroalkylcarbonylamino,
aralkylcarbonylamino, heteroaralkylcarbonylamino, (cycloalkylalkylcarbonylamino,
{cycloheteroalkyhalkylcarbonylamino, dialkylamino, arylamino, diarylamino, aralkylamino,
diaralkylamino, heteroarylamino, diheteroarylamino, hateroaraikyiamino,
diheteroaralkylamino, alkylsulfonyl, arylsulfonyl, heteroarylsuifonyl,' cycloalkylsulfonyl,
aralkylcarbonylthicoxy, carbonylthio, heteroaralkylcarbonylthio, (cycloalkyloxy)carbonyithio,
(cycloheteroalkyhalkyicarbonylthio, alkyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyi, cycloalkyloxycarbonyi, cycloheteroalkyioxycarbonyl,
aralyoxycarbonyloxioxycarbonyl, heteroaralkyloxycarbonyl, (cycloalkyljalkyioxycarbonyl,
(cyclohetercalkyl)alkyloxycarbonyl, iminoalkyl, iminocycloalky!, iminocycloheteroatkyl,
iminoaralkyl, iminoheteroaralkyl, (cycloalkyDiminoalkyl, and (cycloheteroalkyl)iminoalkyl.

19. A compound of claim 1, which is 3-(diethylaminc)-1-ethyl-7-{piperazin-1-
yhphenothiazin-5-ium.

20. A compound of claim 1, which is 3-(1,4-diazepan-1-yl}-7-(dimethylaminc)-1,0-
diethyiphenothiazin-5-ium.
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21. Alcompound of claim 1, which is 3-(4-(cyclopropylsulfonyl)piperazin-1-yl}-7-
(dimethylamino)-1,9-diethylphenothiazin-5-ium.

22. A compound of claim 1, which is 3,7-di(4-methylpiperazin-1-y!}-1-t-butylphenothiazin-

5-ium.

23. A compound of claim 1, which is 1,9-dichloro-3-(piperazin-1-yl}-7-(pyrrolidin-1-
yhphenothiazin-5-ium.

24. A compound of claim 1, which is 3,7-(di(4-methylpiperazin-1-y|)}-1-ethyl-9-
methyiphenothiazin-5-ium.

25. A compound of claim 1, which is 3,7-di(1,4-diazepan-1-yi}-1-ethyl-9-
methylphenothiazin-5-ium.

26. A compound of claim 1, which is 3-(dimethylamino)-1-ethyl-9-methyl-7-(4-
(triflucromethylsulfonyl)piperazin-1-yl)phenothiazin-5-ium.

27. A compound of  claim 1, which is 3,7-di(1,4-diazepan-1-yl)-1-

trifluoromethylphenothiazin-5-ium.

28. A compound of claim 1, which is a member selected from 3-amino-7-(4-

isopropylpiperazin-1-yl}-1,9-dimethylphenothiazin-5-ium, 3-amino-1,9-dimethyl-7-{4~
(methylsulfonyl)piperazin-1-yl)phencthiazin-5-ium, 3-amino-1,9-dimethyl-7-(4-
(triflucromethylsulfonylpiperazin-1-yl)phenothiazin-5-ium, and 3~amino-7-(4-

{isopropylsulfonyl)piperazin-1-yi}-1,9-dimethylphenothiazin-5-ium.

29. A compound of claim 1, which is a member selected from
7-{4-{tert-butoxycarbonyl)piperazin-1-y1)-1-chioro-3-(diethylamino)phenothiazin-5-tum,
1-chloro-3-(diethylamino)-7-(piperazin-1-yl)phenothiazin-5-ium,
7-(4-(tert-butoxycarbonyl)piperazin-1-yl}-3-(diethylamino)-1-ethylphenothiazin-5-ium,
3-(diethylamino)-1-ethyl-7-(piperazin-1-yl)phenothiazin-5-ium,
3-(bis(2-methoxyethyllamino)-7-(4-(tertbutoxycarbonyl)piperazin-1-yl}-1-ethviphenocthiazin-5-
jum, and

3-(bis(2-methoxyethyl)amino)-1,9-dichloro-7-(piperazin-1-yl)phenothiazin-5-ium.

30. A compound of claim 1, which is a member selected from
1,8-dichloro-3,7-di(piperazin-1-y)phenothiazin-5-ium,
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1-trifluoromethyi-3,7-di{4-methylpiperazin-1-yl)phenothiazin-5-ium,
3,7-(di{4-Boc-piperazin-1-yh))-1-triflucromethylphenothiazin-5-ium,
3,7-dipiperazinyl-1-triflucromethylphencthiazin-5-ium,
3,7-di{4-methylpiperazin-1-yi}-1-n-butylphenothiazin-5-ium,
3,7-di{4-methylpiperazin-1-yl)-1-methylphenothiazin-5-ium,
1-(tert-butyl)-3,7-bis(4-methylpiperazin-1-yl)phenothiazin-5-ium, and
3,7-di(4-methylpiperazin-1-yl}-1-isopropylphenothiazin-5-ium.

31. A compound of claim 1, which is a member selected from
3-{dimethylamino)-1,9-dimethyl-7-(4-methylpiperazin-1-yl)phenothiazin-5-ium,
3-(4-(tert-butoxycarbonyl)piperazin-1-yl)-7-(dimethylamino}-1,8-dimethylphenothiazin-5-ium,
3-{dimethylamino)-1,9-dimethyl-7-(piperazin-1-yl)phenocthiazin-5-ium,
3,7-bis(4-(tert-butoxycarbonyl)piperazin-1-yi)}-1,9-dimethylphenothiazin-5-ium,
3-(butyl{methyhamino)-7-(4-(2-methoxyethyl)piperazin-1-yi)-1,9-dimethylphenocthiazin-5-ium,
3-(4-{cyclopropylsulfonyl)piperazin-1-yl)-7-(dimethylamino)-1,9-dimethylphenothiazin-5-ium,
3-(dimethylamino)-7-(4-(isopropyisulfonyl)piperazin-1-yl}-1,9-dimethylphenocthiazin-5-ium,
3-{dimethylamino)-1,9-dimethyl-7-(4-(2,2,2-triflucroethylsulfonyl)piperazin-1-yl)phenothiazin-
5<um,
4-carboxy-3-{dimethylamino)-1,8-dimethyl-7-(4-methylpiperazin-1-yl)phenothiazin-5-ium,
4-carboxy-7-{dimethylamino)-1,9-dimethyl-3-(4-methylpiperazin-1-yl)phenothiazin-5-ium,
3-(4-{cyclopropylsulfonyl)piperazin-1-yl)-7-(dimethylamino)-1-isopropyl-9-
methylphenothiazin-5-ium,
3-(diethylamino)-1,9-dimethyl-7-(4-(methyisulfonyl)piperazin-1-yl)phenothiazin-5-ium,
3-{diethylamino)-1,9-dimethyl-7-(piperazin-1-yl)phenothiazin-5-ium,
3-(diethylamino)}-7-(4-isopropylpiperazin-1-yi)-1,9-dimethylphenothiazin-5-ium,
3-(diethylamino)-7-(4-isopropylpiperazin-1-yl)-1,8-dimethylphenothiazin-5-ium,
1,9-diethyl-3-dimethylamino-7-[4-isopropyipiperazinyi]-phenocthiazinium,
3-(butyl{methyllamino)-1,9-dimethyl-7-{(4-methylipiperazin-1-yl)phenothiazin-5-ium,
3-(dimethylamino)-1,8-diethyl-7-{{4-friffluoromethyisulfionyl)piperazin-1-yl)phenothiazin-5-ium,
3-(4-(cyclopentylsulfonyhpiperazin-1-yl)-7-(dimethylamino)-1,9-diethylphenothiazin-5-ium,
3-{dimethylamino)-9-ethyl-t-isopropyl-7-(4-isopropylpiperazin-1-yl)phenothiazin-5-ium,
3-(butyl(methyl)aminc)-7-((4-cyclopropyisuifonyl)piperazin-1-yi)-1,8-diethylphenothiazin-5-
fum,

3-(4-cyclopentylpiperazin-1-yl}-7-(dimethylamino}-1,9-diethylphenothiazin-5-ium,
3-(dimethylamino}-1,9-diethyl-7-(4-(2-methoxyethyl)piperazin-1-yl)phenothiazin-5-ium,
3-(4-(cyclopropyisulfonylpiperazin-1-y1)-7-(dirmethylamino}-1-ethyl-9-isopropylphenothiazin-
5-ium,
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3-{dimethylamino)-9-ethyl-1-isopropyl-7-({4-trifluoromethylsulfonyl)piperazin-1-
yliphenothiazin-5-ium,
3~(dimethylamino)-7-(4-(N,N-dimethylsulfamoy!)piperazin-1-yl)-1,8-diethyiphenothiazin-5-
lum,
3-{4-(cyclopropylsulfonyl)piperazin-1-yt)-7-(dimethylamino)-1,9-diethylphenothiazin-5-ium,
3-({4-tert-butylcarbamoyl)piperazin-1-yl)}-7-(dimethylamino)- 1,9-diethylphenothiazin-5-ium,
3-{4-butylpiperazin-1-yl}-7-(dimethylamino)}-1,9-diethylphenothiazin-5-ium,
3-(4-acetylpiperazin-1-yi}-7-(methyl(n-butyl)amino)-1,9-dimethylphenothiazin-5-ium,
3-(4-boc-piperazin-1-yl)-7-(methyl(n-buty)amino)-1,9-dimethylphenothiazin-5-ium,
3-{piperazin-1-yl}-7-{methyl(n-butyl)amino)-1,9-dimethyiphenothiazin-5-ium,
3-(dimethylamino)-1-ethyl-9-methyl-7-(4-methylpiperazin-1-yl}-phenocthiazin-5-ium,
3-(dimethylamino)-1-ethyl-9-methyl-7-(4-(trifluoromethylsulfonyl)piperazin-1-yl)phenothiazin-
5-ium,
3-{4-(cyclopropyisulfonyl)piperazin-1-yl}-7-{dimethylamino}-9-ethyl-1-methyl-phenothiazin-5-
ium, and
3-{bis{2-methoxyethyl)amino)-1-sthyl-9-methyl-7-(4-methylpiperazin-1-yl)phenothiazin-5-ium.

32. A compound of claim 1, which is a member selected from
1,9-dimethyl-3,7-bis(4-methylpiperazin-1-yl)phenothiazin-5-ium,
3,7-bis(4-(tert-buioxycarbonyh)piperazin-1-yl)-1,9-dimethylphenocthiazin-5-ium,
3,7-bis{4-(2-methoxyethyl)piperazin-1-yl}-1,9-dimethyl-phenothiazin-5-ium,
1,9-dimethyl-3,7-bis(4-sulfamoylpiperazin-1-yl}phenothiazin-5-ium,
3,7-bis(4-isopropylpiperazin-1-yi)-1,8-dimethylphenothiazin-5-ium,
3,7-bis(4(cyclopropanecarbonyl)piperazin-1-yl)-1,9-diethyiphenothiazin-5-ium,
3,7-bis(4-(cyclopropylsulfonyl)piperazin-1-yl)-1,9-diethyl-phenothiazin-5-ium,
3,7-di(4-acetylpiperazin-1-yi}-1,9-dimethyiphenothiazin-5-ium, and
3,7-{di(4-methylpiperazin-1-yi)}-1-ethyl-9-methyiphenothiazin-5-ium.

33. A compound of claim 1, which is a member selected from
1,8-dimethyl-3-morpholino-7-(4-sulfamoyipiperazin-1-yliphenothiazin-5-ium,
3-{(2R,65)-2,6-dimethylmorpholino)}-1,9-dimethyl-7-(4-sulfamoylipiperazin-1-yhphenothiazin-
5-iurmn,
3-{{2R,6R})-2,8-dimethylmorpholino}-1,9-dimethyl-7-(4-suifamoylpiperazin-1-yl)phenocthiazin-
B-ium,

1,9-diethyl-3-morpholino-7-{4-sulfamoylpiperazin-1-ylYphenothiazin-5-ium,
3-{4-({tert-butoxycarbonyl}-3-(methoxycarbonyl)-piperazin-1-yl}-1,9-diethyl-7-
morpholinophenocthiazin-5-ium,
3-(4-boc-piperazin-1-yi)-1-ethyl-8-methyi-7-morpholino-phenothiazin-5-ium, and
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1-ethyl-9-methyi-7-morpholino-3-(piperazin-1-vi}-phenothiazin-5-ium.

34. A compound of claim 1, which is a member selected from
3-(azetidin-1-yI)-7-{(4-(isopropylsulfonyl)piperazin-1-yl)-1,9-dimethylphencthiazin-5-ium,
1,9-dimethyl-3-(pyrrolidin-1-yl)-7-(4-(2,2,2-trifluoroethylsulfonyl)piperazin-1-yl)phenothiazin-
5-jum, and
3-(4-(cyclopropylsuifonyl)piperazin-1-vi}-8-ethyi-1-methyl-7-(pyrrolidin-1-yi)-phenothiazin-5-
ium,

35, A compound of claim 1, which is a member selected from
3-(4-{cyclopropylsulfonyl)-1,4-diazepan-1-yt)-7-{dimethylamino)-1,8-diethylphenothiazin-5-
ium,
3-(dimethylaming)-1,9-diethyl-7-({methylsulfonyl)-1,4-diazepan-1-yl)phenothiazin-5-ium,
3-(dimethylamino)-1,9-diethyl-7-(4-(ethylsulfonyl)-1,4-diazepan-1-ylphenothiazin-5-ium,
3-(4-(tert-butylcarbamoyl)-1,4-'diazepan-1-yl)-7-(dimethylamino)-1,9-diethylphenothiazin-5-
jum,

3-(dimethylamino)-1,9-diethyl-7-(4-sulfamoyl-1,4-diazepan-1-yl)phenothiazin-5-ium,
3-(dimethylamino)-1,9-diethyl-7-(4-(isopropylsulfonyl)-1,4-diazepan-1-yl)phenothiazin-5-ium,
3-(dimethylamino)-1,9-diethyl-7-(4-(methylbut-2-enyl}-1,4-diazepan-1-yphenothiazin-5-ium,
3-(4-(tert-butoxycarbonyl)-1,4-diazepan-1-yt)-7-{(dimethylamino)-1,9-diethylphenothiazin-5-
ium, and

3-(1,4-diazepan-1-yl}-7-(dimethylamino)-1,9-diethyiphenothiazin-5-ium.

38. A compound of claim 1, which is a member selected from’
3,7-di(1,4-diazepan-1-yi)-1,9-dimethylphenothiazin-5-ium,
3-(1,4-diazepan-1-yl)-1,8-diethyl-7-(4-ureidopiperidin-1-yl)phenothiazin-5-ium,
3,7-di(1,4-diazepan-1-yi)-1,9-diethylphenothiazin-5-ium,
3-(4-(tert-butoxycarbonyl)-1,4-diazepan-1-yl}-1,9-diethyl-7-(2-methyipyrrolidin-1-
yliphenothiazin-5-ium,
3-(1,4-diazepan-1-yl)-1,9-diethyl-7-(2-methylpyrrolidin-1-yl)phenothiazin-5-ium,
3,7-bis{4-(tert-butoxycarbonyl)-1,4-diazepan-1-yl)-1,9-diethyiphenothiazin-5-tum,
1-ethyl-8-methvi-7-({4-methylsuifonyl}-1,4-diazepan-1-yl}-3-(pyrroiidin-1-yl)}-phenothiazin-5-
ium,

3,7-bis{4-boc-1,4-diazepan-1-yl}-1-ethyl-9-methyl-phenothiazin-5-ium,
3-(4-boc-1,4-diazepan-1-yi)-1-ethyl-8-methyl-7-(pyrrolidin-1-yl)-phenothiazin-5-ium,
3,7-di(1,4-diazepan-1-yl}-1-ethyl-3-methyl-phencthiazin-5-ium, and
3-{1,4-diazepan-1-yi)-1-ethyl-8-methyl-7-(pyrrolidin-1-yl)-phenothiazin-5-ium.



