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FIGURE 2A
EXAMPLE 2A
MIC (pg/mL)
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Fungus Broth used = S b 2] —
A. fumigatus ATCC 13073 RPMI 0.25 nt nt >64 0.25
C. albicans ATCC 90028 RPMI 1 0.5 nt 0.25 | <0.12
C. albicans F56 RPMI 0.5 nt nt >64 0.25
C. glabrata ATCC 90030 RPMI + MOPs <05 | <05 64 nt <0.5
C. krusei ATCC 44507 RPMI + MOPs 1 <0.5 64 nt <0.5
C. neoformans F285 RPMI 0.25 nt nt 2 <0.12
C. parapsilosis ATCC 22019 RPMI + MOPs <05 1 <05 | <05 nt <0.5
C. tropicalis ATCC 13803 RPMI + MOPs <05 | <05 | 256 nt 1
E. floccosum ATCC 52066 RPMI + MOPs <05 § <05 ] <05 nt <0.5
F. solani ATCC 36031 RPM! + MOPs <0.5 4 64 nt >256
M. furfur ATCC 44344 Urea 1 <0.5 2 nt <0.5
M. pachydermatis ATCC 96746 Urea 1 <05 | <0.5 nt <0.5
M. sympodialis ATCC 44031 Urea 1 <05 | <0.5 nt <0.5
M. audouinti ATCC 42558 RPMI + MOPs 2 1 <0.5 nt <0.5
M. canis ATCC 10214 RPMI + MOPs 2 <05 | 0.5 nt <0.5
M. gypseum ATCC 24103 RPMI + MOPs 2 <05 § <05 nt <0.5
T. mentagrophytes F311 RPMI + MOPs i 0.5 <0.5 32 <0.12
T. rubrum F296 RPMI + MOPs 1 1 <0.5 1 <0.12

RPMI + MOPS +

T. rubrum F296 5% keratin powder 2 1 nt 1 nt
T. tonsurans ATCC 28942 RPMI + MOPs 2 <0.5 | <0.5 nt | < 0.5

nt = not tested
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FIGURE 2B
EXAMPLE 2B
MFC (ug/mL)
@ =
"
HEER
o~ S .E -
| 2 £ Q
2|2 B | E
Fungus Broth used* =19 b —
T. mentagrophytes F311 RPMI + MOPs 16 1 <0.5 4
T. rubrum F296 RPMI + MOPs 8 2 <0.5 4
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FIGURE 3

Radioactivity as mg Equivalent/g Nai] Samples
Nail Samples P value
(t-test)
Group A Group C
(C10) (Ciclopirox)

Dorsal/intermediate center 25.65 + 8.80 7.40 £3.47 0.0008
Ventral/intermediate center 20.46 £+ 4.72 3.09+2.07 0.0001
Remainder nail 26.06 + 12.41 438+2.73 0.0022

* The data represents the mean + S.D. of each group (n = 6).
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Radioactivity as mg Equivalent/Samples*

Sampling day P-value (t-test)
Group A (C10) Group C (Ciclopirox)
Day 3 0.0609 + 0.0605 0.0011 +0.0020 0.0043
Day 6 0.1551 £ 0.1314 0.0013 + 0.0027 0.0022
Day 9 0.3892 £ 0.3714 0.0018 +0.0030 0.0022
Day 12 0.6775 + 0.6663 0.0014 +£0.0019 0.0022
Day 15 0.9578 £ 0.6106 0.0033 £ 0.0041 0.0022
Total 2.2405 +1.7325 0.0089 + 0.0131 0.0022

* The data represents the mean £ S.D. of each group (n = 6).
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FIGURE 5

Full thickness Human Nail
5 x 2ul over § days Applcation of &7
50:50 Elhyl acetate Propylene glycol



Case 1:18-cv-00202-IMK Document 1-3 Filed 10/30/18 Page 26 of 241 PagelD #: 523

U.S. Patent Feb. 14, 2017 Sheet 9 of 63 US 9,566,290 B2

FIGURE 6

Full thickness Human Nail
5x 2 yl over 5 days application of
C10
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FIGURE 7

Full thickness Human Nail
5 x 2l over 5 days Application of
C10
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FIGURE 8

Full thickness Human Nail
5 x 2ul over 5 days Application of
Penlac
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FIGURE 9

Full thickness Human Nail
5 x 2ul over 5 days Application of
Loceryl
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Figure 10(1)

SUMMARY:

SEQIDNO: 1-15  amino acid sequences of leucyl-tRNA synthetase editing domain

SEQID NO: | amino acid sequences of leucyl-tRNA synthetase editing domain from S.
cerivisiae.

SEQID NO:2 amino acid sequences of leucyl-tRNA synthetase editing domain from S.

cerivisiae — overexpressed version
SEQ ID NO: 1617 genomic sequences for tRNA-leu and tRNA-ile from S. cerivisiae.

SEQ ID NO: 18-62 tRNA sequences for tRNA-leu

A.

SEQIDNO:1
TPQEYIGVKIEALEFADDAAKIIDSSSDLDKSKKFYFVAATLRPETMYGQTCCFVSPTI
EYGIFDAGDSYFITTERAFKNMSYQKLTPKRGFYKPIVTVPGKAFIGTKIHAPQSVYPE
LRILPMETVIATKGTGVVTCVPSNSPDDYITTKDLLHKPEYYGIKPEWIDHEIVPIMHTE
KYGDLTAKAIVEEKKIQSPKDKNLLAEAKKIAYKEDYYTGTMIYGPYKGEKVEQAKNK
VKADMIAAGEAFVYNEPESQDP

SEQ ID NO: 2
MTPQEYIGVKIEALEFADDAAKIIDSSSDLDKSKKFYFVAATLRPETMYGQTCCFVSPTI
EYGIFDAGDSYFITTERAFKNMSYQKLTPKRGFYKPIVTVPGKAFIGTKIHAPQSVYPE
LRILPMETVIATKGTGVVTCVPSNSPDDYITTKDLLHKPEYYGIKPEWIDHEIVPIMHTE
KYGDLTAKAIVEEKKIQSPKDKNLLAEAKKIAYKEDYYTGTMIYGPYKGEK VEQAKNK
VKADMIAAGEAFVYNEPESQDPQDPNSSSVDKLAAALEHHHHH

B.

SEQ ID NO: 3 G- E.coli crystal structure (185 amino acids) — tRNA synthetase editing domain
EGVEITFNVNDYDNTLTVYTTRPDTFMGCTYLAVAAGHPLAQKAAENNPELAAFIDECR
NTKVAEAEMATMEKKGVDTGFKAVHPLTGEEIPVWAANFVLMEYGTGAVMAVPGHD
QRDYEFASKYGLNIKPVILAADGSEPDLSQQALTEKGVLFNSGEFNGLDHEAAFNAIAD
KLTAMGVGERK

SEQ ID NO: 4 G-+ Propionibacter acnes (185 aa) — tRNA synthetase editing domain
EGAYVDFTIDGHKEPVRVFTTRPDTLYGATFMVVAPDSALAQEIVSDEARPAFETYLDE
VKKKSEIERQATDHEKTGVPLGVEATNPVNGAKVPVWAGDYVLADYGTGAVMAVPA
HDQRDLDFARTYGIDVIPVIDTGEADPRESGVATTGDGVYQNSGFLNGIATKAEAIAKM
CEFLDEKGIGE
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Figure 10(2)
SEQ ID NO: 5§ from G- Pseudomonas aeruginosa (194 aa) — tRNA synthetase editing domain

GMEIGFPYDQASIGHAGQLKVFTTRPDTLMGATYVAVAAEHPLATQAAQNDPQLQAFI

DECKRGGVAEADIATQEKKGMATSLFVEHPLTGDKLPVW VANYVLMNYGEGAVMAV
PGHDERDFEFANK YGLPIRQVIAKVEGDDDFESSVWKEWYGAKDESVLTVNSGKYDNL
GYQAAFDAIGADLEAKGLGQAR

SEQ ID NO: 6 G+ Bacillus anthracis (183 aa) — tRNA synthetase editing domain
EGAEVHFNIDGTDEKFTVFTTRPDTLFGASYCVLAPEHALVADITTADQKEAVEAYINSV
KMKSDLERTELAKEKTGVFTGAYAVNPVNGEKLPIWIADYVLATYGTGAVMAVPAHD
ERDYEFASTFNLPMKEVVKGGDITKEAYTGDGAHVNSAFLDGLNKEEAIAKMIEWLEV
TSAGNQKV

SEQ ID NO: 7 from G+ Staphylococcus aureus (183 aa) —~ tRNA synthetase editing domain
EGAKVTFKIEQSDQNIEVFTTRPDTIYGTSFLVLSPEHPLVNEITTSDKEQEVKLYQNEA
SKKSDLERTDLAKEKTGVFTGTFAINPLSGDKLPIWIADYVLSTYGTGAVMAVPGHDER
DHEFATKFNLPIIEVIEGGEVQKYAYTGEGKHINSGELDGLENEAAISKAIELLESKGAGE
KKV

SEQ ID NO: 8 G+ Streptococcus pyogens (182 aa) - tRNA synthetase editing domain

GANVTFKVKDTDKNFTVFTTRPDTLFGATYAVLAPEHALVDAITTADQAEAVADYKRQ
ASLKSDLARTDLAKEKTGVWTGSYAINPVNGKEIPVWIADYVLASYGTGAIMAVPAHD
ERDWEFAKQFNLDIIPVLEGGNVEEAAFTEDGLHINSGFLDGLDKASAIAKMVEWLEAE

GVGNEKVY

SEQ ID NO: 9 G+ Thermus thermophilus (187 aa) — tRNA synthetase editing domain
EGAEILFPVEGKEVRIPVFTTRPDTLFGATFLVLAPEHPLTLELAAPEKREEVLAYVEAA
KRKTEIERQAEGREKTGVFLGAYALNPATGERIPIWTADYVLFGYGTGAIMAVPAHDQR
DYEFARKFGLPIKKVIERPGEPLPEPLERAYEEPGIMVNSGPFDGTESEEGKRKVIAWLEE
KGLGKGR

SEQ ID NO: 10 Mycobacterium tuberculosis (186 aa) ~ tRNA synthetase editing domain
FEVDIEVFTTRPDTLFGATYLVLAPEHDLVDELVAASWPAGVNPLWTYGGGTPGEAIAA
YRRAMAAKSDLERQESREKTGVFVGSYAINPANGEPVPIFIADYVLAGYGTGAIMAVPG
HDQRDWDFARAFGLPIVEVIAGGNISESAYTGDGILVNSDYLNGMSVPAAKRAIVDRLE
SAGRGRARI

SEQ ID NO: 11 Candida albicans (251 aa) — tRNA synthetase editing domain
YVGIKIRLTDVAPQAQELFKKESLDVKENKVYLVAATLRPETMYGQTCCFVSPKIDYGV
FDAGNGDYFITTERAFKNMSFQNLTPKRGYYKPLFTINGKTLIGSRIDAPYAVNKNLRVL
PMETVLATKGTGVVTCVPSDSPDDFVTTRDLANKPEY YGIEKDWVQTDIVPIVHTEKYG
DKCAEFLVNDLKIQSPKDSVQLANAKELAYKEGFYNGTMLIGKYKGDKVEDAKPK VK
QDLIDEGLAFVYNEPE
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Figure 10(3)

SEQ ID NO: 12 Aspergillus fumigatus (256 aa) — tRNA synthetase editing domain
YTAMKLQVKEWAPEIAELVKGKIEDDAKVYFVPATLRPETMYGQTCCFLGPKIKYGIFR
VKEKEYYIVTKRAA WNMAFQGIFFDSEHFPKTQDELPLVLEAPGSAFVGTLVNAPLSFH
TEGVRILPMEGVSATKGTGVVTSVPSDSPDDYATLVDLAKKPEYYGIKKEWAELEIFPLI
ETPTYGNLTAPTLVKKLKINSPKDVNQLAQAKELAYGEAYYKGTMLVGEFKGEPVSAA
KEKIRKSLYESGDAFPFADP

SEQ ID NO: 13 Trichophyton rubrum CP1 (256 aa) — tRNA synthetase editing domain
YTAMKLKVKEWSPKAKEIIQGKIEKDANVYFVPATLRPETMYGQTCCFVGPAISYGIFK
VKEKEYYVVTKRAAWNMAFQGIFFDVNNLPKSQDELPPVVEAPGSALIGTLVNAPLSFH
KEGVRILPMETVSANKGTGVVSCVPSDSPDDFATISDLAKKADYYGIQKEWAELEIHPLI
ETPTYGNLTAPALVKQLKINSPKDTVQLAQAKDLAYTEGFYKGKMLVGEFKGEPVQTA
KEKVRNSLIKSGDAFPFADP

SEQ ID NO: 14 Homo sapiens (253 aa) — tRNA synthetase editing domain
VGPQEYTLLKLKVLEPYPSKLSGLKGKNIFLVAATLRPETMFGQTNCWVRPDMKYIGFE
TVNGDIFICTQKAARNMSYQGFTKDNGVVPVVKELMGEEILGASLSAPLTSYKVIYVLP
MLTIKEDKGTGVVTSVPSDSPDDIAALRDLKKKQALRAKYGIRDDMVLPFEPVPVIEIPG
FGNLSAVTICDELKIQSQNDREKLAEAKEKIYLKGFYEGIMLVDGFKGQKVQDVKKTIQ
KKMIDAGDALIYMEPE

SEQ ID NO: 15 Trypanosoma brucei (259 aa) — tRNA synthetase editing domain
YTVVKLKVKNPLEQPALAPFSEIIGNRSVILPGATLRPETVIGQ’I'NCWVSPNFSYMAYSIL
NGTGEEEIYIMTSRAARNLAYQNFTVNGKTGVDPSPLFEVDGAKLIGLPLSAPLCPYDTI
YTLPMQSIIBTKGTGVVMSVPADSPDDYINYVQLVNKPDYRAKLGLKDEWVANKIV SLI
EVPGEMGRESAK YMCEKLKINGPNATDLLEEAKKVIYQAGFYQGVMIAGPFAGEKVSA
AKVKTVKLLEEQNAAIRYYEP

C.

SEQ ID NO: 16 Saccharomyces cerevisiae tRNA-Leu (genomic)
gggagtttgg ccgagtggtt taaggegica gatttaggct ctgatatctt cggatgcaag ggttcgaatc ccttagetct cacca

SEQ ID NO: 17 Saccharomyces cerevisiae tRNA-Ile (genomic)
gaaactataa ttcaattggt tagaatagta ttttgataag gtacaaatat aggttcaatcectgttagtt tcat

DO

SEQ ID NO: 18 Saccharomyces cerevisiae tRNA-Leu
GGUUGUUUGmM*GCac*CGAGCGmGDCDAAGGCm’GCCUGAYU
mCAAmMGCY¥CAGGUAUCGUAAGAUGM CAAGAGTY¥CGAAUCU
CUUAGCAACCACCA
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Figure 10(4)

SEQ ID NO: 19 Haloferax Volcanii tRNA-Leu
GCGAGGGUAGCUAAf'd'GUCAGGAAAAAGCmM?GGCGGACUCA
Am'GAYCCGCUCCCGUAGGGGUCMCGUGGGm'Y¥YCmm'ITAAUCC
CUCCCCUCGCACCA

SEQ ID NO: 20 Phage T4 tRNA-Leu
GCGAGAASUGGUCAAADUMGGDAAAGGCACAGCACUuUKUAA
mAAYGCUGCGGAAUGAUUUCCUUGUGGGTYCGAGUCCCAC
UUCUCGCACCA

SEQ ID NO: 21 Phage TS5 tRNA-Leu
GGGGCUAUGCUGGAACDGmGDAGACAAUACGGCCUUAGM®AU
YCCGUAGCUUAAAUGCGUGGGAGTYCGAGUCUCCCUAGCCC
CACCA

SEQ ID NO: 22 Bacillus Subtilis tRNA-Leu
GCGGGUGUGCGGGAAUDGGDAGACCGGCUAGAUUCAGm'GAY
CUAGGGUCUUUAUGGACCUGAGGGTYCAmM'AGUCCCUUCAC
CCGCACCA

SEQ ID NO: 23 E.Coli tRNA-Leu
GCCCGGASs*UGGUGGAADCGMGDAGACAC AAGGGA ¥ U unkA A A ms?i®A
A¥YCCCUCGGCGUUCGCGCUGUGCGGGTYCAAGUCCCGCUCC
GGGUACCA

SEQ ID NO: 22 E.Coli tRNA-Leu2
GCGAAGGUGGCGGAADDGMmGDAGACGCGCUAGCUUCAGuUnkGY
GYUAGUGUCCUUACGGACGUGGGGGTYCAAGUCcCCccCCCCU
CGCACCA

SEQ ID NO: 23 E.Coli tRNA-Leu3
GCCGAGGUGGUGGAADDGmMGDAGACACGCUACCUUGAGuUkKGY
GGUAGUGCCCAAUAGGGCUUACGGGTYCAAGUCCCGUCCUC
GGUACCA

SEQ ID NO: 24 Salmonella Typhi tRNA-Leu
GCGAAGGUGGCGGAADDGmGDAGACGCGCUAGCUUCAGuUkGY
GYUAGUGUCCUUACGGACGUGGGGGTYCAAGUCCCCcCccu
CGCACCA
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Figure 10(5)

SEQ ID NO: 25 Rhodospiril.Rub tRNA-Leu
GCCUUUGUAGCGGAADGGDAACGCGGCAGACUCAAuUKAAYCU
GCUUUGGUAACCCAGGUGGUAGTYCGACUCUCCCCAAAGGC
ACCA

SEQ ID NO: 26 Anacystis Nidulans tRNA-Leu
GGGCAAGUGGCGGAAUDGGDAGACGCAGCAGACUCAAWIMKAAY
CUGCCGCUAGCGAUAGUGUGUGGGTYCGAGUCCCACCUUGC
CCACCA

SEQ ID NO: 27 Anacystis Nidulans tRNA-Leu2
GCGGAACUGGCGGAAUDGGDAGACGCGCUAGAUUCAGN'GYVY
CUAGUGGUUUCACGACUGUCCGGGTYCAAGUCCCGGGUUCC

GCACCA

SEQ ID NO: 28 Bacillus Stearo tRNA-Leu
GCCGAUGSs*UGGCGGAAUDGGCAGm'ACGCGCACGACUCmAA
ms’PAAYCGUGUGGGCUUUGCCCGUGUGGGTYCGACUCCCAC
CAUCGGCACCA

SEQ ID NO: 29 Glycine Max tRNA-Leu
GCCUUGGUGGUGAAAUGMGDAGCCACGCGAGACUCMmAAunkA A
YCUCGUGCUACAGAGCGUGGAGGTYCGAGUCCUCUUCAAGG

CACCA

SEQ ID NO: 30 Glycine Max tRNA-Leu2
GGGGAUAUGGCGAAAUUGmGDAGACGCYACGGACUUmAA
WMKkAAYCCGUCGACUUAAGAAAUCAUGAGGGTYCAAGUCCCU
CUAUCCCCACCA

SEQ ID NO: 31 Glycine Max tRNA-Leu3
GCCGCUAUGGUGAAAUUGMGDAGACACGCUGCUCUUAmM'Gm!GA
AGCAGUGCUAGAGCAUCUCGGTYCGAGUCCGAGUAGCGGCA
cca

SEQ ID NO: 32 Phaseolus Vulgaris tRNA-Leul
GGCUUGAUGGUGAAAUUGMmMGDAGACACGCGAGACUCMA AunkA
AUCUCGUGCUAAAGAGCGUGGAGGTYCGAGUCcCcuUcCcuucaAa
GUCACCA
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Figure 10(6)

SEQ ID NO: 33 Phaseolus Vulgaris tRNA-Leu2
GGGGAUAUGGCGAAAUUGmGDAGACGC‘PACGGACUunkUAA
unkAA‘PCCGUCGACUUAAUAAAUCAUGAGGGT‘I‘CAAGUCCCU
CUAUCCCCACCA

SEQ ID NO: 34 Phaseolus Vulgaris tRNA-Leu3
GamCUAUGGUGAAAUUGmGDAGACACGCUGCUCUUNﬁGdGA
AGCAGUGCUAGAGCAUCUCGGTYCGAGUCCGAGUAGCGGCA

CCA

SEQ ID NO: 35 Spinacia Oleracea tRNA-Leu
GamCUAUGGUGAAAUUGmGDAGACACGCUGCUCUUAMGmbA
AGCAGUGCGAGAGCAUCUCGGTYCGAGUCCGAGUAGCGGCA
CCA

SEQ ID NO: 36 Neurospora Crassa tRNA-Leul
AUCCGAGUGAUGGAADGGDAGACAUAACAUGCUunkUAAAACA
UGUGGGCUUCAAGCUGUGAAGGT‘{’CAAGUCCUUCUUCGGA
UACCA

SEQ ID NO: 37 Neurospora Crassa tRNA-Leu2
AUAGGUGUGCUGGAADUGGDAGACAGGUUCCG‘YUUAGm‘GCC
GGAAUGGUUUAAAAACUGUACAAGT‘{’CAAGUCUUGUCAUC
UAUACCA

SEQ ID NO: 38 Saccharomyces Cer. tRNA-Leu
GaMUUUUGGUGGAADUGGDAGACA&m%AUACWCUmmmMAA
mMGAYGUAUUACUUUACAGUAUGAAGGTYCAAGUCCUUUAA
AUAGCACCA

SEQ ID NO: 39 Solanum Tuberosum tRNA-Leu
GUCAGGAUGGCac'CGAGDGmGDCacpUAAGGCm'GCCAGACU
unk AAm'GU¥CUGGUmMCUUCGUAAGAGGGmM’CGUGGGTY¥CAm'A
AUCCCACUUCUGACACCA

SEQ ID NO: 40 Phaseolus Vul‘garis tRNA-Leul
GUCAGGAUGMGCac’CGAGDGmMGD Cacp’UAAGGCmM’GCCAGACU
uk AAM'G¥¥CUGGUmCUUCGAGAGAGGGmM’CGUGGGTYCAmlIA
AUCCCACUUCUGACACCA



Case 1:18-cv-00202-IMK Document 1-3 Filed 10/30/18 Page 36 of 241 PagelD #: 533

U.S. Patent Feb. 14,2017 Sheet 19 of 63 US 9,566,290 B2

Figure 10(7)

SEQ ID NO: 41 Phaseolus Vul;aris tRNA-Leu2
GUCAGGAUGMGCac*CGAGDGmGDCacp3UAAGGCm”GCCAGACU
wkAAMGYYCUGGUMCUUCGAAAGAGGGM CGUGGGTYCAm'A
AUCCCACUUCUGACACCA

SEQ ID NO: 42 Phaseolus Vulgaris tRNA-Leu3
GAUAGUUUGMGCac’CGAGDGmGD Cacp3UAAGGCm'GCCAGAYU
wk AGm'GCYCUGGUMCCGAAAunkGGGmM’CGUGGGTYCAm'AAUC
CCACAGCUGUCACCA

SEQ ID NO: 43 Phaseolus Vulgaris tRNA-Leud
GCUGGUUUGGCac‘CGAGAGmGDDAAGGszzGGAAGACUunkAA
m‘GA‘PCUUCUmGCAGUCAACUGCGmSCAUGGGT‘{’CGm'AACCC
CAUAGCCAGCACCA

SEQ ID NO: 44 Rat Liver A tRNA-Leul
CUUUUAUMAMGGAUAGAAGDAAUCCAYUGGUCUUAGm'GAA
CCAAAAACMCUUGGUGCAACUCCAAAUAAAAGUACCA

SEQ ID NO: 45 Candida Albicans tRNA-Leu
GAUACGAUGGCac*CGAGDGmGDDAAGGCmMm?’GAAGGAUGCA
Gm'GY¥¥CCUUUGGGCAUUGCCCGmM’CGCAGGTYCGm'AACCCUG
CUCGUGUCGCCA

SEQ ID NO: 46 Saccharomyces Cer. tRNA-Leul
GGUUGUUUGmMGCac'CGAGCGmGDCDAAGGCmM’GCCUGAYU
mCAAmM'GCYCAGGUAUCGUAAGAUGM CAAGAGTYCGAAUCU

CUUAGCAACCACCA

SEQ ID NO: 47 Saccharomyces Cer. tRNA-Leu2
GGGAGUUUGMGCac'CGAGDGmMGDDDAAGGCmM’GY¥CAGAYUUA
Gm'GCYCUGAUAUCUUCGGAUGM’ CAAGGGTYCGm'AAUCCCU

UAGCUCUCACCA

SEQ ID NO: 44 Saccharomyces Cer. tRNA-Leu3
GGAGGGUUGMGCac'!CGAGDGmGDCDAAGGCmM,’GGCAGACmUU
AAM'GAYCUGUUGGACGGUUGUCCGM’CGCGAGTYCGm'AACCU
CGCAUCCUUCACCA

SEQ ID NO: 45 Torulopsis Utilis tRNA-Leu
GGAUCUUUGMGCac'CGAGCGmGDDUAAGGCmM’GCUCGACmUCm
AAmMGA¥Y¥CGAGUAUCGUAAGAUGM*CAUGAGTYCGm'AAUCUC
AUAGGAUCCACCA
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Figure 10(8)

SEQ ID NO: 46 Candida Cylindra. tRNA-Leu
GGCCGUUUGMGCacdCGAGDGmMGDCDAAGGCmM’GUCUGACmU
CmAAmMGAYCAGAUmMCUCGUAAGAGGM CGUGUGTY¥CGm'AAC
CACACAGCGGUCACCA

SEQ ID NO: 47 Candida Cylindra. tRNA-Leu2
GGUUCUCUGGCac!CGAGDGGDCDAAGGCmM’GCAUGGYUIAGm'G
YCCAUGUCUCUUCGGAGGM’CGCGAGTYCGm'AACCUCGCGG
GAAUCACCA

SEQ ID NO: 48 Candida Cylindra. tRNA-Leu3
GGCUCUCUGGCac®!CGAGDGGDCDAAGGCm?*GCUAGGGUIAGM'G
YCCUAGUCUCUUCGGAGGmM’CGCGAGTYCGm'AACCUCGCGG
GAGUCACCA

SEQ ID NO: 49 Phaseolus Vulfaris tRNA-Leul
GUCAGGAUGmM)GCac®CGAGDGGDC*™AAGGCmM’GCCAGACUunk
AA™SY Y CUGGUmMCUUCGAGAGAGGGM’CGUGGGTYCAmM'AAUC
CCACUUCUGACACCA

SEQ ID NO: 50 Phaseolus Vulgaris tRNA-Leu2
GUCAGGAUGMGCac'CGAGDGGDCacp3UAAGGCm’>GCCAGACU
mkAAMGYYCUGGUNCUUCGAAAGAGGGM’*CGUGGGTY¥CAm'A
AUCCCACUUCUGACACCA

SEQ ID NO: 51 Phaseolus Vul§aris tRNA-Leu3
GAUAGUUUGmM*GCac®CGAGDGGDCacpUAAGGCmM’GCCAGAYU
uk AGm!GCYCUGGUMCCGAAAunkGGGmM*CGUGGGUWYCAmM'AAU
CCCACAGCUGUCACCA

SEQ ID NO: 52 Phaseolus Vulgaris tRNA-Leu4
GCUGGUUUGGCac®*CGAGAGGDDAAGGCmM’GGAAGACUunkAA
m'GA¥YCUUCUnGCAGUCAACUGCGmM*CAUGGGTYCGm!AACCC
CAUAGCCAGCACCA

SEQ ID NO: 53 Solanum Tuberosum tRNA-Leu
GUCAGGAUGGCac®CGAGDGGDCacpUAAGGCm’GCCAGACU unk
AAMGUYCUGGUmCUUCGUAAGAGGGM’CGUGGGTY¥CAmM'AAU
CCCACUUCUGACACCA
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SEQ ID NO: 54 Cucumis Sativus tRNA-Leu
GUCAGGAUGmMGCm’CGAGDGGDCacpUAAGGCm?’GCCAGACU
unkUAAmIG¥¥YCUGGUmCCUCUAAGGAGGGmM’CGUGGGTYCA
m'AAUCCCACUUCUGACACCA

SEQ ID NO: 55 Caenorhabdi.Eleg. tRNA-Leu
GGAGAGAUGGCac*CGAGCGGDCUAAGGCGCUGGUUUIAGGC
ACCAGUCCCUUCGGGGGCGUGGGTUCGAAUCCCACUCUCUU
CACCA

SEQ ID NO: 56 Mycoplasma Capric. tRNA- Leu2
CCCCAAGunKkUGGCGGAAUAGGDAGM'ACGCAUUGGA CUcmom*Um
AAMPAAYCCAACGGGCUUAAUAUCCUGUGCCGGUYCAAGUC
CGGCCUUGGGGACCA

SEQ ID NO: 57 Mycoplasma Capric. tRNA- Leul
GCCUUUUUGGCGGAAUDGGCAGmMIACGCAUUAGACUCmAAMA
AYCUAACGAAGAAAUUCGUAUCGGUYCGAAUCCGAUAAAGG
GCACCA

SEQ ID NO: 58 Haloferax Volcanii YX tRNA- Leu5
GCGCGGGUAGCCAAfa7dIGUGGCCAAAGGCM>GCAGCGCUmoUA
Gm'GACGCUGUGGUGUAGACCUUMCGCAGGmMm'¥¥CmGAACCC
UGUCCCGCGCACCA

SEQ ID NO: 59 Haloferax Volcanii YX tRNA- Leu4
GCGGGGGUGGCUGAfAd'GCCAGGCCAAAAGCMGGCGGACUUA
Am'GA¥CCGCUCCCGUAGGGGUUCGCGAGm'YY¥YCmGAAUCUCG
UCCCCCGCACCA

SEQ ID NO: 60 Haloferax Volcanii tRNA- Leu3
GCGUGGGUAGCCAAfd'/GCCAGGCCAACGGCmGCAGCGUUG
AGM'GGM CGCUGUCCUGUAGAGGUCMCGCCGGm'Y¥Cmm'IAAU
CCGGUCCCACGCACCA

SEQ ID NO: 61 Haloferax Volcanii tRNA- Leu2
GCAGGGAUAGCCAAfa'ddGUCUGGCCAACGGCm’GCAGCGUUCA
Gm'GGCGCUGUCUCAUAGGAGUCM CGCAGGM'Y¥Cmm'IAAUCC
UGCUCCCUGCACCA

SEQ ID NO: 62 Haloferax Volcanii tRNA- Leul
GCGAGGGUAGCUAAfdIGUCAGGAAAAAGCM’GGCGGACUCA
Am'GAYCCGCUCCCGUAGGGGUCMSCGUGGGMY¥Y¥Cmm'IAAUCC
CUCCCCUCGCACCA
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FIGURE 11A
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FIGURE 11B
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FIGURE 11C
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FIGURE 11E
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FIGURE 11F
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FIGURE 12A
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FIGURE 12B
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FIGURE 12C
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FIGURE 12E
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FIGURE 12F
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FIGURE 12G
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FIGURE 12H
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FIGURE 13
Percent cdc60 Bound with C10 at Equilibrium
% cdc60
Additive Free [C10], uM Occupied
44.0
20 mM ATP 27.5
5 mM ATP 30.1 29.9
2.5mM ATP 39.1 7.7
0.5 mM ATP 34.8 74
0.1 mM ATP 36.8 -2.9
20 mM AMP 33.3 59.0
Nothing 42.6 6.6

Assay conditions: 31 uM cdc60, 1 mM DTT, 0 mM Leucine, 0 mM tRNA,
initial [C10] are 72 — 79 uM, pre-equilibrium. 1x AARS buffer
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FIGURE 14
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FIGURE 15
PPi Exchange Rxn
3.
" = (1) C10
2.5+ A (2) +C10
2.0- v (3) -C10 +tRNA
0 + (4) +C10 + tRNA
1.5+

32P-ATP (nmoles)

o © =
e T
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1 2 3 4 5 6 7 8

Q

Time (min)

Reaction Rate (hmoles/min
(1) c10 0.339
(2)+C10 0.325
(3) -C10 +tRNA 0.341
(3) +C10 +tRNA 0.086

7 nM cdc60, 16 uM tRNA, 2 mM ATP, 2 mM PPi, 2 mM Leu
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FIGURE 16

C10 Inhibits LeuRS Aminoacylation of tRNA'®
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FIGURE 17
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FIGURE 18A

5-chlorobenzo[c]{1,2)oxaborol-1(3H)-ol, benzo[c][1,2]oxaborol-1(3H)-ol, 5-chloro-3-
methylbenzo{c][1,2]oxaborol-1(3H)-ol, 6-fluoro-3,4-dihydrobenzo[c][ 1,2Joxaborinin-
1-ol, 5,6-difluorobenzo[c][1,2]oxaborol-1(3H)-o0l, 1-hydroxy-1,3-
dihydrobenzo[c][1,2]Joxaborole-S-carbonitrile, 5-methoxybenzo[c][1,2]oxaborol-
1(3H)-ol, 5-methylbenzo[c][1,2]oxaborol-1(3H)-ol, 5-
(hydroxymethyl)benzo[c][1,2]Joxaborol-1(3H)-ol, 5-fluorobenzo[c][1,2]oxaborol-
1(3H)-ol, naphtho(1,2-c][1,2]oxaborol-1(3H)-ol, 6-fluorobenzo[c]{1,2]oxaborol-
1(3H)-ol, 3-benzyl-3-methylbenzo[c][1,2]oxaborol-1(3H)-ol, 3-
benzylbenzo[c][1,2]Joxaborol-1(3H)-ol, 4-fluorobenzofc]{1,2]oxaborol-1(3H)-ol, 4-(1-
hydroxy-1,3-dihydrobenzo[c]{1,2]oxaborol-5-yloxy)benzonitril, 4-(1-hydroxy-1,3-
dihydrobenzo[c][1 ,.2]oxaborol-6-yloxy)benzonitn'le, 3-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaboroi-6-yloxy)benzonitrile, 6-(4-
chlorophenoxy)benzo[c][1,2]oxaborol-1(3H)-ol, 6-phenoxybenzo(c]{1,2]oxaborol-
1(3H)-ol, 4-((1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-
yloxy)methyl)benzonitrile, 2-(1-hydroxy-1,3-dihydrobenzo[c][1,2}oxaborol-5-
yloxy)benzonitrile, 5-phenoxybenzo[c][1,2]oxaborol-1(3H)-ol, N,N-diethyl-4-(1-
hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-yloxy)benzamide, (4-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yloxy)phenyl)(morpholino)methanone, 4-(1-
hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-yloxy)phthalonitrile, 6-
(phenylthio)benzo[c]{1,2]oxaborol-1(3H)-ol, 6-(4-
(trifluoromethoxy)phenoxy)benzo[c]{1,2]oxaborol-1(3H)-ol, N-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yl)-N-methylbenzenesulfonamide, 6-(4-
methoxyphenoxy)benzo{c][1,2]oxaborol-1(3H)-ol, 6(4-
methoxyphenylthio)benzo[c]{1,2]oxaborol-1(3H)-ol, 6-(4-
methoxyphenylsulfonyl)benzo[c][ 1,2]Joxaborol-1(3H)-ol, 6-(4-
methoxyphenylsulfinyl)benzo[c][1,2]Joxaborol-1(3H)-ol, 5-
(trifluoromethyl)benzo[c]{1,2)oxaborol-1(3H)-ol, 4-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]Joxaborol-4-yloxy)benzonitrile, 3-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yloxy)benzonitrile, 4-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yloxy)benzoic acid, 5-(4-(1H-tetrazol-5-
yl)phenoxy)benzo[c][1,2]oxaborol-1(3H)-ol, 7-Hydroxy-2,1-oxaborolano[5,4-
c]pyridine [[1,2]oxaborolof3,4-c]pyridin-1(3H)-ol], Ethyl 2-(1-hydroxy-1,3-
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FIGURE 18B

dihydrobenzo[c][1,2]oxaborol-5-yloxy)acetate, 2-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yloxy)acetic acid, 6-(thiophen-2-
yithio)benzo[c]([1,2]oxaborol-1(3H)-ol, 6-(4-fluorophenylthio)benzo[c][ 1,2]oxaborol-
1(3H)-ol, 1-(3~((1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-
yloxy)methyl)phenyl)pentan-1-one, 2-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-
5-yloxy)- 1-(piperidin-1-yl)ethanone, 2-(1-hydroxy-1 ,3-dihydrobenzo[c][1,2]oxaborol-
5-yloxy)-1-(4-(pyrimidin-2-yl)piperazin-1-yl)ethanone, 6-(4-(pyridin-2-yl)piperazin-
1-yl)benzo[c]{1,2]oxaborol-1(3H)-ol, 6-nitrobenzo[c][1,2]oxaborol-1(3H)-ol, 6-
aminobenzo[c]({1,2]oxaborol-1(3H)-ol, 6-(dimethylamino)benzo([c][1,2]oxaborol-
1(3H)-ol, N~(1-hydroxy-1,3-dihydrobenzo [c]{1,2]oxaborol-6-yl)benzamide, 6-(4-
phenylpiperazin-1-yl)benzo[c][1,2]oxaborol-1(3H)-ol, 6-(1H-indol-1-
yDbenzo[c][1,2]oxaborol-1(3H)-ol, 6-morpholinobenzo(c][ 1,2]oxaborol-1(3H)-ol, 6-
(l-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-S-yloxy)nicotinonitrile, 5-fluoro-6-
nitrobenzo[c]{ 1,2]oxaborol-1(3H)-ol, 5-bromo-6-

(hydroxymethyl)benzo[c][ 1,2]oxaborol-1(3H)-ol, 3,7-dihydro- 1,5-dihydroxy-1H,3H-
benzo[1,2-c:4,5-c']bis[ 1,2]oxaborole, 1-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-6-yl)-3-phenylurea, N-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-6-yl)benzenesulfonamide, N-(1-hydroxy-1,3-
dihydrobenzo{c][1,2]oxaborol-6-yl)acetamide, 7-
(hydroxymethyl)benzofc][1,2]oxaborol-1(3H)-ol, 7-methylbenzo[c][1,2]oxaborol-
1(3H)-ol, 6-(3-(phenylthio)-1H-indol-1-yl)benzo[c][ 1,2Joxaborol-1(3H)-ol, 3-(1-(1-
hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-6-yl)-1H-indol-3-ylthio)propanenitrile, 6-
(5-methoxy-1H-indol-1-yl)benzo[c][ 1,2]Joxaborol-1(3H)-ol, 6-amino-5-
fluorobenzo([c][1,2]oxaborol-1(3H)-ol, 6-(benzylamino)-5-
fluorobenzo[c][1,2]oxaborol-1(3H)-ol, 6-(5-methoxy-3-(phenylthio)-1H-indol-1-
yl)benzo[c][1,2]oxaborol-1(3H)-ol, 3-(1-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-6-yl)-5-methoxy-1H-indol-3-ylthio)propanenitrile, 4-
(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-7-yloxy)benzonitrile, 6-(5-chloro-1H-
indol-1-yl)benzo[c][1,2]Joxaborol-1(3H)-ol, 3-(5-chloro-1-(1-hydroxy-1,3-
dihydrobenzo[c]{1,2]oxaborol-6-yl)-1H-indol-3-ylthio)propanenitrile, 6-
(benzylamino)benzo[c]{1,2]oxaborol-1(3H)-ol, 6-
(dibenzylamino)benzo[c][1,2)Joxaborol-1(3H)-ol, 7-(4-(1H-tetrazol-5-
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FIGURE 18C

yl)phenoxy)benzo[c][1,2]oxaborol-1(3H)-ol, 6-(5-chloro-3-(phenylthio)-1H-indol-1-
yl)benzo[c][1,2]oxaborol-1(3H)-ol, 3,4-dihydro-1H-thieno[3,2-c][1,2]oxaborinin-1-
ol, 6-(4-(pyrimidin-2-yl)piperazin-1-yl)benzo[c][ 1,2]oxaborol-1(3H)-ol, 7-
(benzyloxy)benzo[c][1,2]oxaborol-1(3H)-ol, 4-(1-hydroxy-1,3-
dihydrobenzo[c]{1,2]oxaborol-6-ylthio)pyridinium chloride, 6-(pyridin-2-
ylthio)benzo[c]{1,2Joxaborol-1(3H)-ol, 6-(pyridin-2-ylthio)benzo[c][1,2]oxaborol-
1(3H)-ol, 7-fluorobenzo[c][1,2}oxaborol-1(3H)-ol, 6-(4-
(trifluoromethyl)phenoxybenzo[c][1,2]oxaborol-1(3H)-ol, 6-(4-
chlorophenylthio)benzo[c][1,2]oxaborol-1(3H)-ol, 6-(4-
chlorophenylsulfinyl)benzo[c][1,2]oxaborol-1(3H)-ol, 6-(4-
chlorophenylsulfonyl)benzo[c][1,2]oxaborol-1(3H)-ol, N-(1-hydroxy-1,3-
dihydrobenzo[c]([ 1,2]voxaborol-5-yl)-N-(phenylsulfonyl)benzenesulfonamide, 6-(4-
(trifluoromethyl)phenylthio)benzo[c][1,2]oxaborol-1(3H)-ol, 6-(4-
(trifluoromethyl)phenylsulfinyl)benzo[c][1,2]Joxaborol-1(3H)-ol, 6-(4-
(methylthio)phenylthio)benzo[c][1,2]oxaborol-1(3H)-ol, 6-(p-
tolylthio)benzo[c][1,2]oxaborol-1(3H)-ol, and 3-((1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yloxy)methyl)benzonitrile.
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FIGURE 19B

No. R® R R R™
32 H Br H H
33 H H Br H
34 H H H Br
35 Br Br H H
36 H Br Br H
37 H H Br Br
38 Br H Br H
19 H Br H Br
40 Br H H Br
41 H Br Br Br
42 Br H Br Br
43 Br Br H Br
44 Br Br Br H
45 Br Br Br Br
46 -CN H H H
47 H -CN H H
48 H H -CN H
49 H H H -CN
50 -CN -CN H H
51 H -CN -CN H
52 H H -CN -CN
53 CN H -CN H
54 H -CN H -CN
55 -CN H H -CN
56 H -CN -CN -CN
57 -CN H -CN -CN
58 -CN -CN H -CN
59 CN -CN -CN H
60 -CN -CN -CN -CN
61 -Me H H H
62 H -Me H H
63 H H -Me H
64 H H H -Me
65 -Me -Me H H
66 H -Me -Me H
67 H H -Me -Me
68 -Me H -Me H
69 H -Me H -Me
70 -Me H H -Me
T H -Me -Me -Me

72 -Me H -Me -Me
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FIGURE 19C

No. R’l Rlon R) ia th
73 -Me -Me H -Me
74 -Me -Me -Me H
75 -Me -Me -Me -Me
76 -CH,0H H H H
77 H -CH,OH H H
78 H H -CH,OH H
79 H H H -CH,OH
80 -CH,OH -CH,0H H H
81 H -CH,0H -CH,0H H
82 H H -CH,OH -CH,OH
83 -CH,0H H -CH,OH H
84 H -CH,OH H -CH,OH
85 -CH,OH H H -CH,OH
86 H -CH,OH -CH,OH -CH,OH
87 -CH,0H H -CH,OH -CH,0H
88 -CH,0H -CH,OH H -CH,OH
89 -CH,O0H -CH,0H -CH,CH H
90 -CH,OH -CH,OH -CH,OH -CH,OH
91 -benzyl H H H
92 H -benzyl H H
93 H H -benzyl H
94 H H H -benzyl
95 -benzyl -benzyl H H
96 H -benzyl -benzyl H
97 H H -benzyl -benzyl
98 -benzyl H -benzyl H
99 H -benzyl H -benzyl
100 -benzyl H H -benzyl
101 H -benzyl -benzyl -benzyl
102 -benzyl H -benzyl -benzyl
103 -benzyl -benzyl H -benzyl
104 -benzyl -benzyl -benzyl H
105 -benzyl -benzyl -benzyl -benzyi
106 -OMe H H H
107 H -OMe H H
108 H H -OMe H
109 H H H -OMe
110 -OMe -OMe H H
111 H -OMe -OMe H
112 H H -OMe -OMe
113 -OMe H -OMe H
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FIGURE 18D
No. R™ R'™ R R

114 -OMe H H -OMe

115 H -OMe -OMe -OMe

116 -OMe H -OMe -OMe

117 -OMe -OMe H -OMe

118 -OMe -OMe -OMe H

119 -OMe -OMe -OMe -OMe

120 -4-cyanophenoxy H H H

121 H -4-cyanophenoxy H H

122 H H -4-cyanophenoxy H

123 H H H -4-cyanophenoxy
124 -4-cyanophenoxy -4-cyanophenoxy H H

125 H -4-cyanophenoxy -4-cyanophenoxy H

126 H H -4-cyanophenoxy -4-cyanophenoxy
127 -~4-cyanophenoxy H -4-cyanophenoxy H

128 H -4-cyanophenoxy H -4-cyanophenoxy
129 -4-cyanophepoxy H H -4-cyanophenoxy
130 H -4-cyanophenoxy -4-cyanophenoxy -4-cyanophenoxy
131  -4-cyanophenoxy H -4-cyanophenoxy ~4-cyanophenoxy
132 -4-cyanophenoxy ~4-cyanophenoxy H -4-cyanophenoxy
133 -4-cyanophenoxy -4-cyanophenoxy -4-cyanophenoxy H

134 -4-cyanophenoxy -4-cyanophenoxy -4-cyanophenoxy -4-cyanophenoxy
135  -3-cyanophenoxy H H H

136 H -3-cyanophenoxy H H

137 H H -3-cyanophenoxy H

138 H H H -3-cyanophenoxy
139  -3-cyanophenoxy -3-cyanophenoxy H H

140 H -3-cyanophenoxy -3-cyanophenoxy H

141 H H -3-cyanophenoxy -3-cyanophenoxy
142 -3-cyanophenoxy H -3-cyanophenoxy H

143 H -3-cyanophenoxy H -3-cyanophenoxy
144 -3-cyanophenoxy H H -3-cyanophenoxy
145 H -3-cyanophenoxy -3-cyanophenoxy -3-cyanophenoxy
146 -3-cyanophenoxy H -3-cyanophenoxy -3-cyanophenoxy
147 -3-cyanophenoxy -3-cyanophenoxy H -3-cyanophenoxy
148 -3-cyanophenoxy -3-cyanophenoxy -3-cyanophenoxy H

149  -3-cyanophenoxy -3-cyanophenoxy -3-cyanophenoxy -3-cyanophenoxy
150 -2-cyanophenoxy H H H

151 H -2-cyanophenoxy H H

152 H H -2-cyanophenoxy H

153 H H H -2-cyanophenoxy
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FIGURE 19E
No. RrR® R R R!*
154 -2-cyanophenoxy -2-cyanophenoxy H H
155 H -2-cyanophenoxy -2-cyanophenoxy H
156 H H -2-cyanophenoxy -2-cyanophenoxy
157 -2-cyanophenoxy H -2-cyanophenoxy H
158 H -2-cyanophenoxy H ~2-cyanophenoxy
159 -2-cyanophenoxy H H ~2-cyanophenoxy
160 H -2-cyanophenoxy -2-cyanophenoxy ~2-cyanophenoxy
161 -2-cyanophenoxy H -2-cyanophenoxy -2-cyanophenoxy
162 -2-cyanophenoxy -2-cyanophenoxy H -2-cyanophenoxy
163 -2-cyanophcnoxy -2-cyanopheunoxy -2-cyanophenoxy H
164 -2-cyanophenoxy -2-cyanophenoxy -2-cyanophenoxy -2-cyanophenoxy
165 -4-chlorophenoxy H H H
166 H -4-chlorophenoxy H H
167 H H -4-chlorophenoxy H
168 H H H -4-chlorophenoxy
169 -4-chlorophenoxy  -4-chlorophenoxy H H
170 H -4-chlorophenoxy  -4-chlorophenoxy H
171 H H -4-chlorophenoxy -4-chlorophenoxy
172  -4-chlorophenoxy H -4-chlorophenoxy H
173 H -4-chlorophenoxy ' H -4-chlorophenoxy
174 -4-chlorophenoxy H H -4-chlorophenoxy
175 H -4-chlorophenoxy  -4-chlorophenoxy  -4-chlorophenoxy
176 -4-chlorophenoxy H -4-chlorophenoxy  -4-chlorophenoxy
177 -4-chlorophenoxy -4-chlorophenoxy H -4-chlorophenoxy
178 -4-chlorophenoxy -4-chlorophenoxy -4-chlorophenoxy H
179 -4-chlorophenoxy -4-chlorophenoxy -4-chlorophenoxy -4-chlorophenoxy
180 -3-chlorophenoxy H H ) ¥
181 H -3-chlorophenoxy H H
182 H H -3-chiorophenoxy H
183 H H H -3-chlorophenoxy
184 -3-chlorophenoxy  -3-chlorophenoxy H H
185 H -3-chlorophenoxy  -3-chlorophenoxy H
186 H H -3-chlorophenoxy  -3-chlorophenoxy
187 -3-chlorophenoxy H -3-chlorophenoxy H
188 H -3-chlorophenoxy H -3-chlorophenoxy
189 -3-chlorophenoxy H H -3-chlorophenoxy
190 'H -3-chlorophenoxy  -3-chlorophenoxy  -3-chlorophenoxy
191 -3-chlorophenoxy H -3-chlorophenoxy  -3-chlorophenoxy
192 -3-chlorophenoxy  -3-chlorophenoxy H -3-chlorophenoxy
193 -3-chlorophenoxy  -3-chlorophenoxy  -3-chlorophenoxy H

194

-3-chlorophenoxy

-3-chlorophenoxy

-3-chlorophenoxy

-3-chlorophenoxy
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FIGURE 19F
No. R?l RIOI Rlll Rl!u
195 -2-chlorophenoxy H H H
196 H -2-chlorophenoxy H H
197 H H -2-chlorophenoxy H
198 H H H -2-chlorophenoxy
199 -2-chlorophenoxy  -2-chlorophenoxy H H
200 H -2-chlorophenoxy  -2-chlorophenoxy H
201 H H -2-chlorophenoxy -2-chlorophenoxy
202 -2-chlorophenoxy H -2-chlorophenoxy H
203 H -2-chlorophenoxy H -2-chlorophenoxy
204 -2-chlorophenoxy H H -2-chlorophenoxy
205 H -2-chlorophenoxy  -2-chlorophenoxy  -2-chlorophenoxy
206 -2-chlorophenoxy H -2-chlorophenoxy  -2-chlorophenoxy
207 -2-chlorophenoxy  -2-chlorophenoxy H -2-chlorophenoxy
208 -2-chlorophenoxy -2-chlorophenoxy -2-chlorophenoxy H
209 -2-chlorophenoxy  -2-chlorophenoxy  -2-chlorophenoxy  -2-chlorophenoxy
210 -phenoxy H H H
211 H -phenoxy H H
212 H H -phenoxy H
213 H H H -phenoxy
214 -phenoxy -phenoxy H H
215 H -phenoxy -phenoxy H
216 H H -phenoxy -phenoxy
217 -phenoxy H -phenoxy H
218 H -phenoxy H -phenoxy
219 -phenoxy H H -phenoxy
220 H -phenoxy -phenoxy -phenoxy
221 -phenoxy H -phenoxy -phenoxy
222 -phenoxy -phenoxy H -phenoxy
223 -phenoxy -phenoxy -phenoxy H
224 -phenoxy ~phenoxy -phenoxy -phenoxy
225 -4-cyanophenylthio H H H
226 H -4-cyanophenylthio H H
227 H H -4-cyanophenyithio H
228 H H H -4-cyanophenylthio
229 -4-cyanophenyithio -4-cyanophenyithio H H
230 H -4-cyanophenylthio -4-cyanophenylthio H
231 H H -4-cyanophenylthio -4-cyanophenylthio
232 -4-cyanophenylthio H -4-cyanophenylthio H
233 H -4-cyanophenylthio H -4-cyanophenylthio
234 -4-cyanophenyithio H H -4-cyanophenyithio
235 H -4-cyanophenylthio -4-cyanophenylthio -4-cyanophenylthio
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FIGURE 19G

No. R9n Rll)l Rl fa th
236 -4-cyanophenylthio H -4-cyanophenylthio -4-cyanophenylthio
237 -4-cyanophenyithio -4-cyanophenylthio H -4-cyanophenylthio
238 -4-cyanophenylthio -4-cyanophenylthio -4-cyanophenylthio H
239 -4-cyanophenyithio -4-cyanophenyithio -4-cyanophenylthio -4-cyanophenylthio
240 -3- H H H

cyanophenylthio
241 H 3.cyanophenylthio H H
242 H H -3-cyanophenylthio H
243 H H H -3-cyanophenylthio
244 -3-cyanophenylthio -3-cyanophenyithio H H
245 H -3-cyanophenylthio -3-cyanophenylthio H
246 H H -3-cyanophenylthio -3-cyanophenylthio
247 -3-cyanophenylthio H -3-cyanophenylthio H
248 H -3-cyanophenylthio H -3-cyanophenylthio
249 -3-cyanophenylthio H H -3-cyanophenylthio
250 H -3-cyanophenylthio -3-cyanophenylthio -3-cyanophenyithio
251 -3-cyanophenylthio H -3-cyanophenylthio -3-cyanophenylthio
252 -3~cyanophenylthio -3-cyanophenylthio H -3-cyanophenylthio
253 -3-cyanophenylthio -3-cyanophenylthio -3-cyanophenylthio H
254 -3-cyanophenylthio -3-cyanophenylthio -3-cyanophenylthio -3-cyanophenylthio
255 -2- H H H
cyanophenylthio

256 H -2-cyanophenylthio H H
257 H H -2-cyanophenylthio H
258 H H H -2-cyanophenylthio
259 -2-cyanophenyithio -2-cyanophenyithio H H
260 H -2-cyanophenylthio  -2-cyanophenylthio H
261 H H -2-cyanophenyithio  -2-cyanophenylthio
262 -2-cyanophenylthio H -2-cyanophenylthio H
263 H -2-cyanophenylthio H -2-cyanophenylthio
264 -2-cyanophenylthio H H -2-cyanophenylthio
265 H -2-cyanophenylthio  -2-cyanophenylthio -2-cyanophenylthio
266 2-cyanophenylthio H -2-cyanophenylthio -2-cyanophenylthio
267 2-cyanophenylthio -2-cyanophenylthio H -2-cyanopheunylthio
268 2-cyanophenyithio -2-cyanophenylthio -2-cyanophenyithio H
269 2-cyanophenylthio -2-cyanophenylthio -2-cyanophenylthio -2-cyanophenylthio
270  -OCH,C(O)OH H H H
271 H -OCH,C(O)OH H H
272 H H -OCH,C(O)OH H
273 H H H -OCH,C(O)OH
274 F -OCH,C(O)OH H H
275 H -OCH,C(O)OH F H
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FIGURE 19H
No. R™ R'® R™ R

276 H -OCH,C(O)OH H F
277 F -OCH,C(O)OH F H
278 H -OCH,C(O)OH F F
279 F -OCH,C(O)OH F F
280 -NMeS(0O),Ph H H H
281 H -NMeS(O),Ph H H
282 H H -NMeS(0),Ph H
283 H H H -NMeS(0O);Ph
284 F -NMeS(O),Ph H H
285 H -NMeS(0),Ph F H
286 H -NMeS(O),Ph H F
287 F -NMeS(0),Ph F H
288 H -NMeS(O),Ph F F
289 F -NMeS(0),Ph F F
290 -CH,OH H H H
291 H -CH,OH H H
292 H H -CH,OH H
293 H H H -CH,0H
294 -CH,OH F H H
295 -CH;OH H F H
296 -CH,OH H H F
297 -CH,OH Ci H H
298 -CH,0H H Cl H
299 -CH,0H H H Cl
300 F -CH,OH H H
301 H -CH,OH F H
302 H -CH,OH H F
303 Cl -CH,OH H H
304 H -CH,OH Cl H
305 H -CH,OH H Cl
306 F H -CH,OH H
307 H F -CH,0OH H
308 H H -CH,OH F
309 Cl H -CH,0H H
310 H Cl -CH,OH H
311 H H -CH,OH Cl
312 F H H -CH,0H
313 H F H -CH,OH
314 H H F -CH,OH
315 Cl ‘H H -CH,0H
316 H Cl H -CH,OH
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FIGURE 191

NO. R9l Rloa Rll- th
317 H H Cl -CH,OH
318 F -CH,0OH F H
319 H -CH,0H F F
320 F -CH,OH F F
321 H -NH, H H
322 H H -NH, H
323 H H H -NH,
324 -NH, F H H
325 -NH, H F H
326 -NH, H H F
327 -NH, Cl H H
328 -NH, H cl H
329 -NH, H H Cl
330 F -NH, H H
331 H -NH, F H
332 H -NH, H F
333 Cl -NH, H H
334 H -NH, Cl H
335 H -NH, H Cl
336 F H -NH, H
337 H F -NH, H
338 H H -NH, F
339 Cl H -NH, H
340 H cl -NH, H
341 H H -NH, cl
342 F H H -NH,
343 H F H -NH,
344 H H F -NH,
345 Cl H H -NH,
346 H cl H -NH,
347 H H a -NH;
348 F -NH, F H
349 H -NH, F F
350 F -NH, F F
351 -O(4-CN-Ph) H H H
352 H -O(4-CN-Ph) H H
353 H H -O(4-CN-Ph) H
354 H H H -O(4-CN-Ph)
355 F -O(4-CN-Ph) H H
356 H -O(4-CN-Ph) F H
357 H -O(4-CN-Ph) H F
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FIGURE 19J
NO. R9l RWI Rlll Rlll
358 F -O(4-CN-Ph) F H
359 H -O(4-CN-Ph) F F
360 F -O(4-CN-Ph) F F
361 3-(phenylthio)-1H- H H H
indol-1-yl
362 H 3-(phenylthio)-1H- H H
indol-1-yl )
o a emmew
" ’ e
365 P 3-(pl?cnylthio)- 1H- H H
indol-1-yl
o g vkmmem 5
367 H 3-(phenylthio)-1H- H P
indol-1-yl
368 F 3-(pl?cnylthio)- 1H- F H
indol-1-yl
o e :
o p emmam F
371 dibenzylamino H H H
372 H dibenzylamino H H
373 H H dibenzylamino H
374 H H H dibenzylamino
375 F dibenzylamino H H
376 H dibenzylamino F H
377 H dibenzylamino H F
378 F dibenzylamino F H
379 H dibenzylamino F F
380 F dibenzylamino F F
381  -S(0)4-Cl-Ph) H H H
382 H -S(0);(4-CI-Ph) H H
383 H H -S(0),(4-C1-Ph) H
384 H H H -§(0),(4-Cl-Ph)
385 F -S(0)y(4-ClI-Ph) H H
386 H -S(0),(4-CI-Ph) F H
387 H -S(0),(4-C1-Ph) H F
388 F -S(0),(4-C1-Ph) F H
389 H -S$(0)2(4-C1-Ph) F F
390 F -S(0),(4-C1-Ph) F F
391 -S(4-pyridyl) H H H
392 H -S(4-pyridyl) H H
393 H H -S(4-pyridyl) H



Case 1:18-cv-00202-IMK Document 1-3 Filed 10/30/18 Page 72 of 241 PagelD #: 569

U.S. Patent Feb. 14,2017 Sheet 55 of 63 US 9,566,290 B2
FIGURE 19K

No. R* R!® R'"® R
394 H H H -S(4-pyridyl)
395 F -S(4-pyridyl) H H
396 H -S(4-pyridyl) F H
397 H -S(4-pyridyl) H F
398 F -S(4-pyridyl) F H
399 H -S(4-pyridyl) F F
400 F -S(4-pyridyl) F F
401 -NHCH,Ph H H H
402 H -NHCH,Ph H H
403 H H -NHCH,Ph H
404 H H H -NHCH,Ph
405 F -NHCH;Ph H H
406 H -NHCH,Ph F H
407 H -NHCH,Ph H F
408 F -NHCH,Ph F H
409 H -NHCH,Ph F F
410 F -NHCH,Ph F F
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FIGURE 20A
R 12a OH
12 {
R B\
0
RI Oa RSa
RQa
No. R&l R" RWI Rl i Rllt
1 -CH,Ph F H H H
2 -CH,Ph H F H H
3 -CH;Ph H H F H
4 -CH,Ph H H H F
5 -CH,Ph F F H H
6 -CH,Pb H F F H
7 -CH,Ph H H F F
8 -CH,Ph F H F H
9 -CH,Ph H F H F
10 -CH,Ph F H H F
11 -CH,Ph H F F F
12 -CH,Ph F H F F
13 -CH,Ph F F H F
14 -CH,Ph F F F H
15 -CH,Ph F F F F
16 -CH,Ph -OCH,C(O)OH H H H
17 -CHPh H -OCH,C(O)OH H H
18 -CH,Ph H H -OCH,C(O)OH H
19 -CH,Ph H H H -QCH,C(O)OH
20 -CH,Ph F -OCH,C(O)YOH H H
21 -CH,Ph H -OCH,C(O)OH F H
22 -CH,Ph H -OCH,C(O)OH H F
23 -CH;Ph F -OCH,C(O)OH F H
24 -CH,Ph H -OCH,C(O)OH F F
25 -CH,Ph F -OCH,C(O)OH F F
26 -CH,Ph -NMeS(0),Ph H H H
27  -CH,Ph H -NMeS(O),Ph H H
28 -CH,Ph H H -NMeS(0O);Ph H
29 «CH,Ph H H H -NMeS(0):Ph
30 -CH,Ph F -NMeS(O),Ph H H
31 -CH,Ph H -NMeS(O),Ph F H
32 -CH,Ph H -NMeS(0),Ph H F
33 -CH,;Ph F -NMeS(0);,Ph F H
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FIGURE 20B
NO. RJI R?l RIOI Rlll th

34 -CH,Ph H -NMeS(0),Ph F F
35 -CH,Ph F -NMeS(O).Ph F F
36 -CH,Ph H -CH,0H H H

37 -CH,Ph H H -CH,OH H
38 -CH,Ph H H H -CH,0H
39 -CH,Ph -CH,O0H F H H

40 -CH,Ph -CH,OH H F H

41 -CH,Ph -CH,0H H H F

42 -CH,Ph -CH,OH Cl H H
43 -CH,Ph -CH,0H H Cl H

44 -CH,Ph -CH,0H H H Cl

45 -CH,Ph F -CH,O0H H H

46 -CH,Ph H -CH,O0H F H

47 -CH,Ph H -CH,0H H F

48 -CH,Ph Cl -CH,0H H H
49 -CH,Ph H -CH,OH Cl H
50 -CH,Ph H -CH,0H H Cl

51 -CH,Ph F H -CH,0H H

52 -CH,Ph H F -CH,OH H

53 -CH,Ph H H -CH,0H F
54 -CH,Ph Cl H -CH,OH H

55 -CH;Ph H Ct -CH,OH H
56 -CH,Ph H H -CH,O0H Cl
57 -CH,Ph F H H -CH,OH
58 -CH,Ph H F H -CH,0H
59 -CH,Ph H H F -CH,OH
60 -CH,Ph Cl H H -CH,OH
61 -CH,Ph H Cl H -CH,OH
62 -CH,Ph H H Cl -CH,OH
63 -CH,Ph F -CH,OH F H

64 -CH,Ph H -CH,0H F F

65 -CH,Ph F -CH,0H F F

66 -CH,Ph H -NH, H H

67  -CH,Ph H H -NH, H
68 -CH,Ph H H H -NH;
69 -CH,Ph -NH, F H H
70 -CH,Ph -NH, H F H
" -CH,Ph -NH, H H F
72 -CH,Ph -NH, (& H H

73 -CH,Ph -NH, H Cl H
74 -CH,Ph -NH, H H Cl
75 -CH,Ph F -NH, H H
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FIGURE 20C
No RJI Rh Rlot Rlll Rm
76 -CH,Ph H -NH, F H
77 -CH,Ph H -NH, H F
78 -CH,Ph Cl -NH; H H
79 -CH,Ph H -NH, Cl H .
80 -CH,Ph H -NH, H Cl
81 -CH,Ph F H -NH, H
82  -CHPh H F -NH, H
83 -CH,;Ph H H -NH, F
84 -CHzPh Cl H -NH, H
85 -CH,Ph H Cl -NH, H
86 -CH;Ph H H -NH, Cl
87 -CH,Ph F H H -NH;
88 -CH,Ph H F H NH,
89 -CH,Ph H H F -NH,
90 -CH,Ph Cl H H -NH,
91 -CH,Ph H Cl H -NH,
92 -CH,;Ph H H cl NH,
93 -CH,Ph F -NH, F H
94 -CH,Ph H -NH, F F
95 -CH,Ph F -NH, F F
96 -CH,Ph -O(4-CN-Ph) H H H
97 -CH,;Ph H -O(4-CN-Ph) H H
98 -CH,Ph H H -0O(4-CN-Ph) H
99  -CH,Ph H H H -O(4-CN-Ph)
100 -CH,Ph )3 -O{(4-CN-Ph) H H
101 ~-CH,Ph H -O(4-CN-Ph) F H
102 -CH,Ph H -O{(4-CN-Ph) H F
103 -CH,Ph F -O(4-CN-Ph) F H
104 -CH,Ph H -O(4-CN-Ph) F F
105 -CH,Ph F -O(4-CN-Ph) F F
3-(phenylthio)-1H-
106  -CH,Ph indol. 1.yl H H H
3-(phenylthio)-1H-
107  -CH:Ph H indol1y1 H H
3-(phenyithio)-1H-
108 -CH,Ph H H indol-1-y1 H
3-{phenylthio)-1H-
109 -CH,Ph H H H indol-1-yl
3{phenylthio)-1H-
110 -CH,Ph F indol-1-y1 H H
3-(phenylthio)-1H-
111 -CHyPh H indol- 1y 1 F H
3{phenylthio)-1H-
112 -CHPh H indol.1y1 H F
113 -CH:Ph F 3-(phenylthio)-1H- F H

indol-1-yl
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FIGURE 20D
No. RJ- R9l Rloa Rl 1a Rm

114  -CH;Ph H 34”*:;%}";‘;}‘“ F F
115 -CHPh F 3'("1;:3{?‘“_;){’“’ F F

116 -CH,Ph dibenzylamino H H H

117 -CH,Ph H dibenzylamino H H

118 -CH,Ph H H dibenzylamino H

119 -CH,Ph H H H dibenzylamino
120 -CHPL F dibenzylamino H H
121 -CH,Ph H dibenzylamino F H

122 -CH;Ph H dibenzylamino H F
123 -CH,Ph F dibenzylamino F H

124 -CH,Ph H dibenzylamino F F

125 -CH,Ph F dibenzylamino F F

126  -CH,Ph -S(O)«(4-Cl-Ph) H H H
127 -CH,;Ph H -5(0),(4-Cl-Ph) H H

128  -CH,Ph H H -5(0)a(4-C!-Ph) H
129 -CH,Ph H H H -S(0),(4-C1-Ph)
130 -CH,Ph F -S(0)(4-CI-Ph) H H
131  -CH;Ph H -S(0)y(4-Cl-Ph) F H
132 -CH,Ph H -S(0):(4-C1-Ph) H F
133 -CH,Ph F -§(0)x(4-C1-Ph) F H
134 -CHPh H -S(0),(4-C1-Ph) F F
135 -CH,Ph F -$(0),(4-Ci-Ph) F F

136  -CH;Ph -S(4-pyridyl) H H H
137  -CH;Ph H -S(4-pyridyl) H H
138 -CH,Ph H H -S(4-pynidyl) H

139  -CH,Ph H H ‘H -S(d-pyridyl)
140 -CH,Ph F -S(4-pyridyl) H H
141 -CH,Ph H -S(4-pyridyl) F H

142  -CH;Ph H -S(4-pyridyl) H F
143  -CH;Ph F -S(4-pyridyl) F H
144  -CH,Ph H -S(4-pyridyl) F F
145  -CH;Ph F -S(4-pyridyl) F F
146 -CH,Ph -NHCH,Ph H H H

147 -CH,Ph H -NHCH,Ph H H

148 -CH,Ph H H -NHCH,Ph H

149 -CH,Ph H H H -NHCH,Ph
150 -CH,Ph F -NHCH,Ph H H

151 -CH;Ph H -NHCH,Ph F H

152 -CH,Ph H -NHCH,Ph H F

153 -CH;Ph F -NHCH,Ph F H

154  -CH,Ph H -NIICH,Ph F F
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FIGURE 20E
NO- Rh R9t Rlo: Rlll Rlla

155 -CH;Ph F -NHCH,Ph F F
156 Me F H H H
157 Me H F H H
158 Me H H F H
159 Me H H H F
160 Me F F H H
161 Me H F F H
162 Me H H F F
163 Me F H F H
164 Me H F H F
165 Me F H H F
166 Me H F F F
167 Me F H F F
168 Me F F H F
169 Me F F F H
170 Me F F F F
171 Me -OCH,C(O)OH H H H
172 Me H -OCH,C(O)OH H H
173 Me H H -OCH,C(0)OH H
174 Me H H H -OCH,C(O)OH
175 Me F -OCH,C(0)OH H H
176 Me H -OCH,;C(0)OH F H
177 Me H -OCH,C(0)OH H F
178 Me F -OCH,C(0)OH F H
179 Me H -OCH,C(O)OH F F
180 Me F -OCH,C(O)OH F F
181 Me -NMeS(0),Ph H H H
182 Me H -NMeS(0),Ph H H
183 Me H H -NMeS(0),Ph H
184 Me H H H ~-NMeS(0),Ph
185 Me F -NMeS(0),Ph H H
186 Me H -NMeS(0),;FPh F H
187 Me H -NMeS(O),Ph H F
188 Me F NMeS(0),Ph F H
189 Me H -NMeS(0),Ph F F
190 Me F -NMeS(0),Ph F F
191 Me H -CH,OH H H
192 Me H H -CH,0H H
193 Me H H H -CH,0H
194 Me -CH,0OH F H H
195 Me -CH,OH H F H
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FIGURE 20F

No. RJ: R” RlOa th th
196 Me -CH,0H H H F
197 Me -CH,OH al H H
198 Me -CH,0H H Cl H
199 Me -CH,0H H H cl
200 Me F -CH,OH H H
201 Me H -CH,0H F H
202 Me H -CH,OH H F
203 Me cl -CH,OH H H
204 Me H -CH,0H al H
205 Me H -CH,0H H cl
206 Me F H -CH,0H H
207 Me H F -CH,0H H
208 Me H H -CH,0H F
209 Me cl H -CH,0H H
210 Me H cl -CH,0H H
211 Me H H -CH,0H a
212 Me F H H -CH,OH
213 Me H F H -CH;OH
214 Me H H F -CH,OH
215 Me ci H H -CH,0H
216 Me H cl H -CH,0H
217 Me H H cl -CH;0H
218 Me F -CH,0H F H
219 Me H -CH,OH F F
220 Me F -CH,OH F F
221 Me H -NH, H H
222 Me H H -NH, H
223 Me H H H -NH,
224 Me -NH, F H H
225 Me -NH, H F H
226 Me -NH, H H F
227 Me -NH, a H H
228 Me -NH, H cl H
229 Me -NH; H H Cl
230 Me F -NH, H H
231 Me H -NH, F H
232 Me H -NH, H F
233 Me cl -NH, H H
234 Me H -NH, Cl H
235 Me H -NH, H a
236 Me F H -NH, H
237 Me H F -NH, H
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FIGURE 20G
No Rh R’a Rlﬂa R"l th
238 Me H H -NH, F
239 Me (o] H -NH, H
240 Me H Cl -NH, H
241 Me H H -NH, Cl
242 Me F H H -NH,
243 Me H F H -NH,
244 Me H H F -NH,
245 Me Cl H H -NH,
246 Me H Cl H -NH,
247 Me H H Cl -NH,
248 Me F -NH, F H
249 Me H -NH, F F
250 Me F -NH, F F
251 Me -O(4-CN-Ph) H H H
252 Me H -O(4-CN-Ph) H H
253 Me H H -0O(4-CN-Ph) H
254 Me H H H -O(4-CN-Ph)
255 Me F -0O(4-CN-Ph) H H
256 Me H -O(4-CN-Ph) F H
257 Me H -O(4-CN-Ph) H F
258 Me F -O(4-CN-Ph) F H
259 Me H -O(4-CN-Ph) F F
260 Me F -O(4-CN-Ph) F F
3-(phenylthio)-1H- H
261 Me indol-1-yl H H
3-(phenylthio)-1H-
262 Me H indol- 131 H H
3-(phenylthio)-1H-
263 Me H H indol-1-yl H
3-(phenyithio)-1H-
264 Me H H H indol-1-y1
3-(phenylthio)-1H-
265 Me F indol-1-y1 H H
3-(phenylthio)-1H-
266 Me H indol-1-yl F H
3-(phenylthio)-1H-
267 Me H indol-1-y1 H F
3-(phenyithio)-1H-
268 Me F indol-1-yl F H
3-(phenylthio)-1H-
269 Me H indol-1-yl F F
3-(phenylthio)-1H-
270 Me F indol-1-yl F F
271 Me dibenzylamino H H H
272 Me H dibenzylamino H H
273 Me H H dibenzylamino H

274 Me H H H dibenzylamino
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FIGURE 20H

No. Rh ROA th th th
275 Me F dibenzylamino H H
276 Me H dibenzylamino F H
2717 Me H dibenzylamino H F
278 Me F dibenzylamino F H
279 Me H dibenzylamino F F
280 Me F dibenzylamino F F
281 Me -S(0),(4-Cl1-Ph) H H H
282 Me H -S(0);(4-C1-Ph) H H
283 Me H H -§(0),(4-Cl-Ph) H
284 Me H H H -5(0)x(4-C1-Ph)
285 Me F -S(0),(4-C)-Ph) H H
286 Me H -S(0)y(4-C1-Ph) F H
287 Me H -S(0)(4-CI-Ph) H F
288 Me F -S(0):(4-C1-Ph) F H
289 Me H -5(0)(4-Cl-Ph) F F
290 Me F -S(0):(4-C1-Ph) F F
291 Me -S(4-pyridyt) H H H
292 . Me H -S(4-pyridyl) H H
293 Me H H -S(4-pyridyl) H
294 Me H H H -S(4-pyridyl)
295 Me F -S(4-pyridyl) - H H
296 Me H -S(4-pyridyl) F H
297 Me H -S(4-pyridyl) H F
298 Mec F -S(4-pyridyl) F H
299 Me H -S(4-pyridyl) F F
300 Me F -S(d-pyridyl) F F
301 Me -NHCH,Ph H H H
302 Me H -NHCH;Ph H H
303 Me H H -NHCH;Ph H
304 Me H H H -NHCH,Ph
305 Me F -NHCH,;Ph H H
306 Me H -NHCH,Ph F H
307 Me H -NHCH,Ph H F
308 Me F -NHCH,Ph F H
309 Me H -NHCH,Ph F F
310 Me F -NHCH,Ph F F
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BORON-CONTAINING SMALL MOLECULES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 15/091,394, filed Apr. 5, 2016, which is
a continuation of UJ.S. patent application Ser. No. 15/068,
352, filed Mar. 11, 2016, which is a continuation of U.S.
patent application Ser. No. 15/046,322, filed on Feb. 17,
2016, which is a continuation of U.S. patent application Ser.
No. 14/537,771, filed Nov. 10, 2014, which is a continuation
of U.S. patent application Ser. No. 14/201,459, filed Mar. 7,
2014, now U.S. Pat. No. 9,353,133, which is a continuation
of U.S. patent application Ser. No. 13/356,488, filed Jan. 23,
2012, now U.S. Pat. No. 8,722,917, which is a continuation
of U.S. patent application Ser. No. 12/629,753, filed Dex. 2,
2009, now U.S. Pat. No. 8,115,026, which is a divisional of
U.S. patent application Ser. No. 11/505,591, filed Aug. 16,
2006, now U.S. Pat. No. 7,767,657, which claims the benefit
of U.S. Provisional Patent Application No. 60/755,227, filed
Dec. 30, 2005, and the benefit of U.S. Provisional Patent
Application No. 60/746,361, filed May 3, 2006, all of which
are incorporated by reference in their entirety for all pur-
poses. U.S. patent application Ser. No. 11/505,591 is also a
continuation-in-part of U.S. patent application Ser. No.
11/357,687, filed Feb. 16, 2006, now U.S. Pat. No. 7,582,
621, which claims the benefit of U.S. Provisional Patent
Application No. 60/654,060, filed Feb. 16, 2005, all of
which are incorporated by reference in their entirety for all
purposes. U.S. patent application Ser. No. 14/537,771 is also
a continuation-in-part of U.S. patent application Ser. No.
13/874,329, filed Apr. 30, 2013, now U.S. Pat. No. 8,889,
656, which is a continuation of U.S. patent application Ser.
No. 13/224,252, filed Sep. 1, 2011, now U.S. Pat. No.
8,440,642, which is a continuation of U.S. patent application
Ser. No. 12/507,010, filed Jul. 21, 2009, now U.S. Pat. No.
8,039,451, which is a continuation of U.S. patent application
Ser. No. 11/357,687, filed Feb. 16, 2006, now U.S. Pat. No.
7,582,621, which claims the benefit of 60/654,060, filed Feb.
16, 2005, all of which are incorporated by reference in their
entirety for all purposes.

BACKGROUND FOR THE INVENTION

Infections of the nail and hoof, known as ungual and/or
periungual infections, pose serious problems in dermatol-
ogy. These ungual and/or periungual can be caused by
sources such as fungi, viruses, yeast, bacteria and parasites.
Onychomycosis is an example of these serious ungual
and/or periungual infections and is caused by at least one
fungus. Current treatment for ungual and/or periungual
infections generally falls into three categories: systemic
administration of medicine; surgical removal of all or part of
the nail or hoof followed by topical treatment of the exposed
tissue; or topical application of conventional creams, lotions,
gels or solutions, frequently including the use of bandages to
keep these dosage forms in place on the nail or hoof. All of
these approaches have major drawbacks. The following
discussion is particularly directed to drawbacks associated
with current treatment of ungual and/or periungual antifun-
gal infections.

Long term systemic (oral) administration of an antifungal
agent for the treatment of onychomycosis is often required
to produce a therapeutic effect in the nail bed. For example,
oral treatment with the antifungal compound terbinafine
typically requires administration of 200 to 400 mg/day for
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12 weeks before any significant therapeutic benefit is real-
ized. Such long term, high dose systemic therapy can have
significant adverse effects. For example, terbinafine has been
reported to have liver toxicity effects and reduces testoster-
one levels in blood due to adverse effects on the testes.
Patient compliance is a problem with such long term thera-
pies especially those which involve serious adverse effects.
Moreover, this type of long term oral therapy is inconvenient
in the treatment of a horse or other ruminants afflicted with
fungal infections of the hoof. Accordingly, the risks associ-
ated with parenteral treatments generate significant disin-
centive against their use and considerable patient non-
compliance.

Surgical removal of all or part of the nail followed by
topical treatment also has severe drawbacks. The pain and
discomfort associated with the surgery and the undesirable
cosmetic appearance of the nail or nail bed represent sig-
nificant problems, particularly for patients more sensitive to
physical appearance. Generally, this type of treatment is not
realistic for ruminants such as horses.

Topical therapy has significant problems too. Topical
dosage forms such as creams, lotions, gels etc., can not keep
the drug in intimate contact with the infected area for
therapeutically effective periods of time. Bandages have
been used to hold drug reservoirs in place in an attempt to
enhance absorption of the pharmaceutical agent. However
the bandages are thick, awkward, troublesome and generally
lead to poor patient compliance.

Hydrophilic and hydrophobic film forming topical anti-
fungal solutions have also been developed. These dosage
forms provide improved contact between the drug and the
nail. Topical formulations for fungal infection treatment
have largely tried to deliver the drug to the target site (an
infected nail bed) by diffusion across or through the nail.

Nail is more like hair than stratum corneum with respect
to chemical composition and permeability. Nitrogen is the
major component of the nail attesting to the nail’s proteina-
ceous nature. The total lipid content of mature nail is
0.1-1.0%, while the stratum corncum lipid is about 10%
w/w. The nail is 100-200 times thicker than the stratum
corneum and has a very high affinity and capacity for
binding and retaining antifungal drugs. Consequently little if
any drug penetrates through the nail to reach the target site.
Because of these reasons topical therapy for fungal infec-
tions have generally been ineffective.

Compounds known as penetration or permeation enhanc-
ers are well known in the art to produce an increase in the
permeability of skin or other body membranes to a pharma-
cologically active agent. The increased permeability allows
an increase in the rate at which the drug permeates through
the skin and enters the blood stream. Penetration enhancers
have been successful in overcoming the impermeability of
pharmaceutical agents through the skin. However, the thin
stratum corneum layer of the skin, which is about 10 to 15
cells thick and is formed naturally by cells migrating toward
the skin surface from the basal layer, has been easier to
penetrate than nails. Moreover, known penetration enhanc-
ers have not proven to be useful in facilitating drug migra-
tion through the nail tissue.

Antimicrobial compositions for controlling bacterial and
fungal infections comprising a metai chelate of 8-hydroxy-
quinoline and an alkyl benzene sulfonic acid have been
shown to be efficacious due to the increased ability of the
oleophilic group to penetrate the lipoid layers of micro-cells.
The compounds however, do not effectively increase the
ability to carry the pharmaceutically active antifungal
through the cornified layer or stratum corneum of the skin.
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U.S. Pat. No. 4,602,011, West et al., Jul. 22, 1986; U.S. Pat.
No. 4,766,113, West et al., Aug. 23, 1988.

Therefore, there is a need in the art for compounds which
can effectively penetrate the nail. There is also need in the
art for compounds which can effectively treat ungual and/or
periungual infections. These and other necds are addressed
by the current invention.

Aminoacyl-tRNA synthetases (ARS) are a family of
essential enzymes that attach amino acids to the 3' terminal
adenosine end of tRNAs, the charged tRNAs are then used
by the translation machinery to synthesis proteins from
mRNA. Although there are few exceptions, for example in
Gram-positive bacteria and archaea, most organisms have at
least one ARS for each amino acid. In the case of eukaryotes,
they have two ARS, one is localized to the cytoplasm while
the other ARS is located in the organelle(s). The ARS
catalyzes two reactions, as outlined below, the first reaction
adenylates the amino acid with ATP followed by its transfer
to the 2'- or 3'-hydroxy! of the terminal adenosine of tRNA.

Amino acid (AA)+ATP—+AA-AMP+PPi;

AA-AMP+RNA—+tRNA-AA+AMP

The family of 20 ARS fall into two distinct structural
classes as determined by their crystal structure. Class I,
which have a Rossman like fold, inciude the ARS for the
following amino acids-arginine, cysteine, glutamate, gluta-
mine, isolelucine, leucine, lysine (in archaea and some
bacteria), valine, methionine, tryptophan and tyrosine. Class
I1 ARS include the enzymes for the amino acids, alanine,
asparagine, aspartate, glycine, histidine, lysine, phenylala-
nine, proline, serine and threonine. The ARS mediated
reaction is the major checkpoint of specificity that ensures
the correct amino acid is charged to its cognate tRNA. Since
some amino acids only differ by a single methylene group,
for example valine and isoleucine, it has been postulated that
the specificity of the synthetic reaction alone can’t explain
the observed in vivo accuracy of tRNA charging. The
synthetic active site should be able to exclude amino acids
that are not close analogs of the cognate amino acid, but
analogous amino acids pose a bigger problem. Therefore to
increase specificity, proof-reading and editing must occur.
So far nine ARS have been shown to have an editing
mechanism that significantly reduces the frequency of mis-
charged tRNAs. The enzymes for the following amino acids
have been shown to have editing activity-alanine, isoleucine,
leucine, methionine, lysine, phenylalanine, proline, threo-
nine and valine. These ARS can hydrolyse the incorrectly
adenylated amino acid AA-AMP (pre-transfer editing) or the
incorrectly charged tRNA (post-transfer editing). To date the
isoleucyl, leucyl and valyl-tRNA synthetases have the best-
characterized editing mechanisms; an additional structural
domain called the connective polypeptide I (CP1) inserted in
the synthetic domain has been shown to contain the editing
active site. This is located more than 25 A away from the
synthetic active site, which suggests that both the adenylated
amino acid intermediate and amino acid tethered to the 3'end
of the tRNA must be moved from the active site in the
synthetic domain to the editing site for the reaction to be
proof-read. It has been postulated that the 3'end of the
charged tRNA is translocated in a similar manner to that of
the proof-reading mechanism of DNA polymerases. Much
less is known about the translocation of the adenylated
amino acid. A similar CP1 domain is also present in the
methionine and cysteine ARS enzymes, but it is much
smaller than that found in the valine, isoleucine and leucine
enzymes. Despite the absence of a direct homolog to the
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CP1-like domain in class I1 ARS, separate editing domains
have been found in the enzymes for proline and threonine.
Although editing is important to ensure the correct charging
of tRNAs, it is not essential for viability and is not required
for the synthesis of charged tRNAs. For example, in
Escherichia coli, in which 10 amino acids in the editing
domain of isoleucyl-tRNA synthetase were changed to ala-
nine, the resulting mutant was still viable, although it did
have many pleiotropic effects, including a noticeable cell
growth defect.

In spite of significant homologies between human, bac-
terial and fungal ARS there are a number of compounds that
have been developed as anti-infectives. The most notable
example of an ARS inhibitor is the commercial antibiotic
mupirocin (pseudomonic acid), which is sold under the label
Bactroban. Mupirocin specifically inhibits bacterial iso-
leucyl-tRNA synthetases, while its activity against the
human homolog is more than 1,000 times less active.
Mupirocin binds specifically to the synthetic active site and
mutants that are resistant to this drug have mutations in the
synthetic domain of leucyl-tRNA synthetase. Likewise,
reveromycin A inhibits the eukaryotic isoleucyl-tRNA syn-
thetases: Saccharomyces cerevisiae resistance mutants have
mutations in the synthetic domain. So far all attempts to
develop better ARS inhibitors than mupirocin, an isoleucine-
adenylate analogue, have relied on inhibiting the synthetic
reactions.

Since it has been previously thought not to be essential for
the synthesis of charged tRNAs, the editing domain of tRNA
synthetases has not been thought a promising target for drug
development. Data from mutational analysis of the ARS
editing domains tend to suggest that inhibition of the editing
mechanism leads only to an increase in mischarged tRNAs
and does not lead to cell death. Compounds that are active
against, and specific for, the editing domain of the tRNA
synthetase would provide access to a new class of antimi-
crobial therapeutics to augment the arsenal of agents cur-
rently in use. Quite surprisingly, the present invention pro-
vides such compounds and methods of using these
compounds.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a structure according
to the following formula:

s
G B
D
N N

in which R' and R? are members independently selected
from H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsub-
stituted heteroaryl. R' and R?, together with the atoms to
which they are attached, can be optionally joined to form a
4- to 7-membered ring. Z1 is a member selected from

RS
and CHO.

R¥ R4
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R3? and R** are members independently selected from H,
cyano, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsub-
stituted heteroaryl. R® is a member selected from halogen
and OR®. R# is a member selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. A is a member
selected from CR®* and N. D is a member selected from
CR'%® and N. E is a member selected from CR''* and N. G
is a member selected from CR'2% and N. R®?, R'°¢, R!'¢ and
R'? are members independently selected from H, OR®,
NR*R**, SR*, —S(O)R*, —S(O),R*, —S(O),NR*R**,
nitro, halogen, cyano, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted het-
erocycloalkyl, substituted or unsubstituted aryl, and substi-
tuted or unsubstituted heteroaryl. Each R* and R** are
members independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. R%* and R'%,
along with the atoms to which they are attached, are option-
ally joined to form a ring. R'®* and R'!?, along with the
atoms to which they are attached, are optionally joined to
form a ring. R''* and R'??, along with the atoms to which
they are attached, are optionally joined to form a ring. The
combination of nitrogens (A+D+E+G) is an integer selected
from 0 to 3.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A, FIG. 1B, FIG. 1C are a table of minimum
inhibitory concentration (MIC) data of cyclic boronic esters
against various fungi.

FIG. 2A displays minimum inhibitory concentration
(MIC) for CI10, ciclopirox, terbinafine, fluconazole and
itraconazole (comparator drugs) against 19 test strains of
fungi.

FIG. 2B displays minimum fungicidal concentration
(MFC) for C10, ciclopirox, terbinafine and itraconazole
(comparator drugs) against 2 test strains of fungi.

FIG. 3 displays a comparison of Normalized C10 and
Ciclopirox Equivalent in Each Part of Nail Plate Samples
after 14-day Treatment.

FIG. 4 displays a comparison of C10 and Ciclopirox
Equivalent in Cotton Ball Supporting Bed Samples after
14-day Treatment.

FIG. § displays the results of a placebo for C10 (50:50
propylene glycol and ethy! acetate) applied per day over five
days. Full carpet growth of the organism I. rubrum was
observed.

FIG. 6 displays the results of a 40 uL/cm? aliquot of C10
10% w/v solution applied per day over five days. Zones of
inhibition (in the order of the cells shown in the figure) of
100%, 67%, 46%, 57%, 38% and 71% were observed for the
growth of T rubrum. Green arrow indicates the measure-
ment of zone of inhibition.

FIG. 7 displays the results of a 40 uL/cm? aliquot of C10
10% wi/v solution applied per day over five days. Zones of
inhibition (in the order of the cells shown in the figure) of
74%, 86%, 100%, 82%, 100% and 84% were observed for
the growth of I. rubrum.
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FIG. 8 displays the results of a 40 pL/cm? aliquot of 8%
ciclopirox in w/w commercial lacquer applied per day over
five days. No zone of inhibition observed; full carpet growth
of T rubrum.

FIG. 9 displays the results of a 40 pL/cm? aliquot of 5%
amorolfine w/v in commercial lacquer applied per day over
five days. No zone of inhibition observed; full carpet growth
of 1. rubrum.

FIG. 10(1), FIG. 10(2), FIG. 10(3), FIG. 10(4), FIG.
10(5), FIG. 10(6), FIG. 10(7), FIG. 10(8), FIG. 10(9) arc
Amino acid sequences for leucyl-tRNA synthetase editing
domains and nucleotide sequences for tRNA-Leu and
tRNA-Ile. (A) Amino acid sequences for leucyl-tRNA syn-
thetase editing domain from S. cerivisiae in wild type (SEQ
ID NO: 1) and over-expressing form (SEQ ID NO: 2); (B)
Amino acid sequences for leucyl-tRNA synthetase editing
domains from indicated species; (C) Genomic nucleotide
sequence for tRNA-leu and tRNA-ile from S. cerivisiae; in
one embodiment of the invention, an aminoacyl tRNA
synthetase will bind to the transcribed and methylated
products for which these sequences serve as a template; (D)
tRNA-Leu nucleotide sequences from indicated species.

FIG. 11A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 11E, FIG.
11F display structures of cyclic boronic esters.

FIG. 12A, FIG. 12B, FIG. 12C, FIG. 12D, FIG. 12E, FIG.
12F, FIG. 12G, FIG. 12H, FIG. 12I display different struc-
tures for portions of the compounds of the invention.

FIG. 13 Effect of ATP on binding of C10 to ¢dc60. The
binding assay was conducted with an initial [C10] concen-
tration of approximately 72-79 uM (pre-equilibrium).

FIG. 14 Binding curve of cdc60 against concentration of
free [C10].

FIG. 15 Data from PPi exchange reaction experiment to
determine rate of editing in the presence and absence of C10.

FIG. 16 Data from an aminoacylation experiment show-
ing the effect of C10 at different concentrations on the
aminoacylation of tRNA',

FIG. 17 Results from post transfer editing assay con-
ducted in S. cerevisiae at differing concentrations of C10
across a range of time points.

FIG. 18A, FIG. 18B, FIG. 18C display the names of
exemplary compounds of the invention.

F1G. 19A, FIG. 19B, FIG. 19C, FIG. 19D, FIG. 19E, FIG.
19F, FIG. 19G, FIG. 19H, FIG. 191, FIG. 19], FIG. 19K
display exemplary compounds of the invention.

FIG. 20A, FIG. 20B, FIG. 20C, FIG. 20D, FIG. 20E, FIG.
20F, FIG. 20G, FIG. 20H display exemplary compounds of
the invention.

DETAILED DESCRIPTION OF THE
INVENTION

1. Definitions and Abbreviations

The abbreviations used herein generally have their con-
ventional meaning within the chemical and biologjcal arts.

“Compound of the invention,” as used herein refers to the
compounds discussed herein, pharmaceutically acceptable
salts and prodrugs of these compounds.

“Boron containing compounds”, as used herein, refers to
the compounds of the invention that contain boron as part of
their chemical formula.

MIC, or minimum inhibitory concentration, is the point
where the compound stops more than 50% of cell growth,
preferably 60% of cell growth, preferably 70% of cell
growth, preferably 80% of cell growth, preferably 90% of
cell growth, relative to an untreated control.
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Where substituent groups are specified by their conven-
tional chemical formulae, written from left to right, they
equally encompass the chemically identical substituents,
which would result from writing the structure from right to
left, e.g., —CH,0— is intended to also recite —OCH,—.

The term “poly” as used herein means at least 2. For
example, a polyvalent metal jon is a metal ion having a
valency of at least 2.

“Moiety” refers to the radical of a molecule that is
attached to another moiety.

The symbol Y, whether utilized as a bond or displayed
perpendicular to a bond, indicates the point at which the
displayed moiety is attached to the remainder of the mol-
ecule.

The term “alkyl,” by itself or as part of another substitu-
ent, means, unless otherwise stated, a straight or branched
chain, or cyclic hydrocarbon radical, or combination thereof,
which may be fully saturated, mono- or polyunsaturated and
can include di- and multivalent radicals, having the number
of carbon atoms designated (i.e. C,-C,, means one to ten
carbons). Examples of saturated hydrocarbon radicals
include, but are not limited to, groups such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
cyclohexyl,  (cyclohexyl)methyl, cyclopropylmethyl,
homologs and isomers of, for example, n-pentyl, n-hexyl,
n-heptyl, n-octyl, and the like. An unsaturated alkyl group is
one having one or more double bonds or triple bonds.
Examples of unsaturated alkyl groups include, but are not
limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(buta-
dienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1-
and 3-propynyl, 3-butynyl, and the higher homologs and
isomers. The term “alkyl,” unless otherwise noted, is also
meant to include those derivatives of alkyl defined in more
detail below, such as “heteroalkyl.” Alkyl groups that are
limited to hydrocarbon groups are termed “homoalkyl”.

The term “alkylene” by itself or as part of another
substituent means a divalent radical derived from an alkane,
as exemplified, but not limited, by —CH,CH,CH,CH,—,
and further includes those groups described below as “het-
eroalkylene.” Typically, an alkyl (or alkylene) group will
have from 1 to 24 carbon atoms, with those groups having
10 or fewer carbon atoms being preferred in the present
invention. A “lower alkyl” or “lower alkylene™ is a shorter
chain alkyl or alkylene group, generally having eight or
fewer carbon atoms.

The terms “alkoxy,” “alkylamino™ and “alkylthio™ (or
thioalkoxy) are used in their conventional sense, and refer to
those alkyl groups attached to the remainder of the molecule
via an oxygen atom, an amino group, or a sulfur atom,
respectively.

The term “heteroalkyl,” by itself or in combination with
another term, means, unless otherwise stated, a stable
straight or branched chain, or cyclic hydrocarbon radical, or
combinations thereof, consisting of the stated number of
carbon atoms and at Jeast one heteroatom. In an exemplary
embodiment, the heteroatoms can be selected from the
group consisting of B, O, N and S, and wherein the nitrogen
and sulfur atoms may optionally be oxidized and the nitro-
gen heteroatom may optionally be quaternized. The heteroa-
tom(s) B, O, N and S may be placed at any interior position
of the heteroalky! group or at the position at which the alkyl
group is attached to the remainder of the molecule.
Examples include, but are not limited to, —CH,—CH,—

O—CH,, —CH,—CH,—NH—CH,, —CH,—CH,—N
(CH;—CH,, —CH,—S—CH,—CH,, —CH,—CH,,
—8(0)—CH,, —CH,—CH,—S(0),~CH,,

—CH=CH—O—CH,, —CH,—CH=N—OCH,, and
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—CH=CH-—N(CH,)—CH,. Up to two heteroatoms may
be consecutive, such as, for example, —CH,—NH—OCH,.
Similarly, the term “heteroalkylene” by itself or as part of
another substituent means a divalent radical derived from
heteroalkyl, as exemplified, but not limited by, —CH,—
CH,—S—CH,—CH,— and —CH,—S—CH,—CH,—
NH—CH,—. For heteroalkylene groups, heteroatoms can
also occupy either or both of the chain termini (e.g., alky-
leneoxy, alkylenedioxy, alkyleneamino, alkylenediamino,
and the like). Still further, for alkylene and heteroalkylene
linking groups, no orientation of the linking group is implied
by the direction in which the formula of the linking group is
written. For example, the formula —C(O),R'— represents
both —C(0),R'— and —R'C(O),—.

The terms “cycloalky]” and “heterocycloalkyl”, by them-
selves or in combination with other terms, represent, unless
otherwise stated, cyclic versions of “alkyl” and “het-
eroalkyl”, respectively. Additionally, for heterocycloalkyl, a
heteroatom can occupy the position at which the heterocycle
is attached to the remainder of the molecule. Examples of
cycloalkyl include, but are not limited to, cyclopentyl,
cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl,
and the like. Examples of heterocycloalkyl include, but are
not limited to, 1-(1,2,5,6-tetrahydropyridyl), 1-piperidinyl,
2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-morpholinyl,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-
2-yl, tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl, and
the like.

The terms “halo” or “halogen,” by themselves or as part
of another substituent, mean, unless otherwise stated, a
fluorine, chlorine, bromine, or iodine atom. Additionally,
terms such as “haloalkyl,” are meant to include monoha-
loalkyl and polyhaloalkyl. For example, the term “halo(C, -
C,)alkyl” is mean to include, but not be limited to, trifluo-
romethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl,
3-bromopropyl, and the like.

The term “aryl” means, unless otherwise stated, a poly-
unsaturated, aromatic, substituent that can be a single ring or
multiple rings (preferably from 1 to 3 rings), which are fused
together or linked covalently. The term “heteroaryl” refers to
aryl groups (or rings) that contain from one to four heteroa-
toms. In an exemplary embodiment, the heteroatom is
selected from B, N, O, and S, wherein the nitrogen and
sulfur atoms are optionally oxidized, and the nitrogen
atom(s) are optionally quaternized. A heteroaryl group can
be attached to the remainder of the molecule through a
heteroatom. Non-limiting examples of aryl and heteroaryl
groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl,
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl,
4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-
4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isox-
azolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl,
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-py-
rimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimi-
dazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinox-
alinyl, 5-quinoxalinyl, 3-quinolyl, 6-quinolyl,
dioxaborolane, dioxaborinane and dioxaborepane. Substitu-
ents for each of the above noted aryl and heteroaryl ring
systems are selected from the group of acceptable substitu-
ents described below.

For brevity, the term “aryl” when used in combination
with other terms (e.g., aryloxy, arylthioxy, arylalkyl)
includes both aryl and heteroaryl rings as defined above.
Thus, the term “arylalkyl” is meant to include those radicals
in which an aryl group is attached to an alkyl group (c.g.,
benzyl, phenethyl, pyridylmethyl and the like) including
those alkyl groups in which a carbon atom (e.g., a methylene
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group) has been replaced by, for example, an oxygen atom
(e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1-naphth-
yloxy)propyl, and the like).

Lach of the ahove terms (e.g., “alkyl,” “heteroalkyl,”
“aryl” and “heteroaryl”) are meant to include both substi-
tuted and unsubstituted forms of the indicated radical. Pre-
ferred substituents for each type of radical are provided
below.

Substituents for the alkyl and heteroalkyl radicals (includ-
ing those groups often referred to as alkylene, alkenyl,
heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, hetero-
cycloalkyl, cycloalkenyl, and heterocycloalkenyl) are
generically referred to as “alkyl group substituents,” and
they can be one or more of a variety of groups selected from,
but not limited to: —OR', =0, =NR', =N—OR,

—NR'R", —SR', -halogen, —QC(O)R', —C(O)R',
—CO,R', —CONR'R", —OC(O)NR'R", —NR"C(O)R',
—NR'—C(O)NR"R", —NR"C(O),R", —NR—C

(NR'R"RIII):NR"", _NR_C(NRIR"):NR"I, __S(O)Rl’
—S§(0),R', —S(0),NR'R", —NRSO,R', —CN and —NO,
in a number ranging from zero to (2m'+1), where m' is the
total number of carbon atoms in such radical. R', R", R" and
R™ each preferably independently refer to hydrogen, sub-
stituted or unsubstituted heteroalkyl, substituted or unsub-
stituted aryl, e.g., aryl substituted with 1-3 halogens, sub-
stituted or unsubstituted alkyl, alkoxy or thioalkoxy groups,
or arylalkyl groups. When a compound of the invention
includes more than one R group, for example, each of the R
groups is independently selected as are each R', R", R™ and
R"" groups when more than one of these groups is present.
When R' and R" are attached to the same nitrogen atom, they
can be combined with the nitrogen atom to form a 5-, 6-, or
7-membered ring. For example, —NR'R" is meant to
include, but not be limited to, 1-pyrrolidinyl and 4-mor-
pholinyl. From the above discussion of substituents, one of
skill in the art will understand that the term “alkyl” is meant
to include groups including carbon atoms bound to groups
other than hydrogen groups, such as haloalkyl (e.g., —CF;
and —CH,CF;) and acyl (e.g., —C(O)CH,;, —C(O)CF,,
—C(O)YCH,OCH;, and the like).

Similar to the substituents described for the alkyl radical,
substituents for the aryl and heteroaryl groups are generi-
cally referred to as “aryl group substituents.” The substitu-
ents are selected from, for example: halogen, —OR', =0,
=NR', =N—OR', —NR'R", —SR', -halogen, —OC(O)R',

—C(O)R, —CO,R, —CONRR", —OC(O)NRR",
—NR"C(O)R', —NR'—C(O)NR"R", —NR"C(O),R,
_NR_C(NRIRIIRII'):NR"", _NR_C(NR'RN#NR"',

—S(O)R', —S(O),R', —S(0Q),NR'R", —NRSO,R', —CN
and —NO,, —R', —N;, —CH(Ph),, fluoro(C,-C,)alkoxy,
and fluoro(C, -C,)alkyl, in a number ranging from zero to the
total number of open valences on the aromatic ring system,
and where R', R", R" and R"" are preferably independently
selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl and substituted or unsubstituted het-
eroaryl. When a compound of the invention includes more
than one R group, for example, each of the R groups is
independently selected as are each R', R", R"" and R"™
groups when more than one of these groups is present.
Two of the substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally be replaced with a substituent
of the formula -T-C(O)—(CRR'),—U—, wherein T and U
are independently —NR—, —O—, —CRR'— or a single
bond, and q is an integer of from O to 3. Alternatively, two
of the substituents on adjacent atoms of the ary] or heteroaryl
ring may optionally be replaced with a substituent of the
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formula -A-(CH,),—B-—, wherein A and B are indepen-
dently —CRR'—, —O—, —NR—, —S8—, —§(0)—,
—S(0),—, —S(0),NR'— or a single bond, and r is an
integer of from 1 to 4. One of the single bonds of the new
ring so formed may optionally be replaced with a double
bond. Alternatively, two of the substituents on adjacent
atoms of the aryl or heteroaryl ring may optionally be
replaced with a substituent of the formula —(CRR"),—X—
(CR"R™),—, where s and d are independently integers of
from O to 3, and X is —O—, —NR'—, —S—, —S§(O)—,
—38(0),—, or —S(O),NR'—. The substituents R. R', R" and
R™ are preferably independently selected from hydrogen or
substituted or unsubstituted (C,-Cg)alkyl.

“Ring” as used herein, means a substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl. A ring includes fused ring moieties.
The number of atoms in a ring is typically defined by the
number of members in the ring. For example, a “5- to
7-membered ring” means there are 5 to 7 atoms in the
encircling arrangement. The ring optionally included a het-
eroatom. Thus, the term “5- to 7-membered ring” includes,
for example pyridinyl and piperidinyl. The term “ring”
further includes a ring system comprising more than one
“ring”, wherein each “ring” is independently defined as
above.

As used herein, the term “heteroatom” includes atoms
other than carbon (C) and hydrogen (H). Examples include
oxygen (O), nitrogen (N) sulfur (S), silicon (Si), germanium
(Ge), aluminum (Al) and boron (B).

The symbol “R” is a general abbreviation that represents
a substituent group that is selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted cycloalkyl and sub-
stituted or unsubstituted heterocycloalkyl groups.

The term “derived from” includes its plain language
meaning and also refers to a molecule that is 99%, 98%,
97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%,
87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 75%, 70%,
65%, or 60% homologous to a referenced molecule. The
molecules referred to in this definition include chains of
RNA or DNA, oligonucleotides, polypeptides, or proteins of
any length and composition.

The term “immunological marker” includes oligonucle-
otides, proteins, antibodies, peptides, polypeptides,
enzymes, or any other molecule able to induce an immune
response in appropriate animals or cells or to bind with
specific antibodies.

The term *“noncognate” is meant to encompass both the
singular and plural forms of the word, i.e. the phrase
“noncognate amino acid” comprises one or more amino
acids.

By “effective” amount of a drug, formulation, or permeant
is meant a sufficient amount of a active agent to provide the
desired local or systemic effect. A “Topically effective,”
“Cosmetically effective,” “pharmaceutically effective,” or
“therapeutically effective” amount refers to the amount of
drug needed to effect the desired therapeutic result.

“Topically effective” refers to a material that, when
applied to the skin, nail, hair, claw or hoof produces a
desired pharmacological result either locally at the place of
application or systemically as a result of transdermal pas-
sage of an active ingredient in the material.

“Cosmetically effective” refers to a material that, when
applied to the skin, nail, hair, claw or hoof, produces a
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desired cosmetic result locally at the place of application of
an active ingredient in the material.

The term “pharmaceutically acceptable salts” is meant to
include salts of the compounds of the invention which are
prepared with relatively nontoxic acids or bases, depending
on the particular substituents found on the compounds
described herein. When compounds of the present invention
contain relatively acidic functionalities, base addition salts
can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired base,
either neat or in a suitable inert solvent. Examples of
pharmaceutically acceptable base addition salts include
sodium, potassium, calcium, ammonium, organic amino, or
magpesium salt, or a similar salt. When compounds of the
present invention contain relatively basic functionalities,
acid addition salts can be obtained by contacting the neutral
form of such compounds with a sufficient amount of the
desired acid, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable acid addition salts
include those derived from inorganic acids like hydrochlo-
ric, hydrobromic, nitric, carbonic, monohydrogencarbonic,
phosphoric, monohydrogenphosphoric, dihydrogenphos-
phoric, sulfuric, monohydrogensulfuric, hydriodic, or phos-
phorous acids and the like, as well as the salts derived from
relatively nontoxic organic acids like acetic, propionic,
isobutyric, maleic, malonic, benzoic, succinic, suberic,
fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-tolyl-
sulfonic, citric, tartaric, methanesulfonic, and the like. Also
included are salts of amino acids such as arginate and the
like, and salts of organic acids like glucuronic or galac-
tunoric acids and the like (see, for example, Berge et al.,
“Pharmaceutical Salts”, Journal of Pharmaceutical Science
66: 1-19 (1977)). Certain specific compounds of the present
invention contain both basic and acidic functionalities that
allow the compounds to be converted into either base or acid
addition salts.

‘The neutral forms of the compounds are preferably regen-
erated by contacting the salt with a base or acid and isolating
the parent compounds in the conventional manner. The
parent form of the compound differs from the various salt
forms in certain physical properties, such as solubility in
polar solvents.

In addition to salt forms, the present invention provides
compounds which are in a prodrug form. Prodrugs of the
compounds or complexes described herein readily undergo
chemical changes under physiological conditions to provide
the compounds of the present invention. Additionally, pro-
drugs can be converted to the compounds of the present
invention by chemical or biochemical methods in an ex vivo
environment.

Certain compounds of the present invention can exist in
unsolvated forms as well as solvated forms, including
hydrated forms. In general, the solvated forms are equivalent
to unsolvated forms and are encompassed within the scope
of the present invention. Certain compounds of the present
invention may exist in multiple crystalline or amorphous
forms. In general, all physical forms are equivalent for the
uses contemplated by the present invention and are intended
to be within the scope of the present invention.

Certain compounds of the present invention possess
asymmetric carbon atoms (optical centers) or double bonds;
the racemates, diastereomers, geometric isomers and indi-
vidual isomers are encompassed within the scope of the
present invention.

The compounds of the present invention may also contain
unnpatural proportions of atomic isotopes at one or more of
the atoms that constitute such compounds. For example, the
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compounds may be radiolabeled with radioactive isotopes,
such as for example tritium (*H), iodine-125 (*2°I) or
carbon-14 (*“C). All isotopic variations of the compounds of
the present invention, whether radioactive or not, are
intended to be encompassed within the scope of the present
invention.

The term “‘pharmaceutically acceptable carrier” or “phar-
maceutically acceptable vehicle” refers to any formulation
or carrier medium that provides the appropriate delivery of
an effective amount of a active agent as defined herein, does
not interfere with the effectiveness of the biological activity
of the active agent, and that is sufficiently non-toxic to the
host or patient. Representative carriers include water, oils,
both vegetable and mineral, cream bases, lotion bases,
ointment bases and the like. These bases include suspending
agents, thickeners, penetration enhancers, and the like. Their
formulation is well known to those in the art of cosmetics
and topical pharmaccuticals. Additional information con-
cerning carriers can be found in Remington: The Science and
Practice of Pharmacy, 21st Ed., Lippincott, Williams &
Wilkins (2005) which is incorporated herein by reference.

“Pharmaceutically acceptable topical carrier” and equiva-
lent terms refer to pharmaceutically acceptable carriers, as
described herein above, suitable for topical application. An
inactive liquid or cream vehicle capable of suspending or
dissolving the active agent(s), and having the properties of
being nontoxic and non-inflammatory when applied to the
skin, nail, hair, claw or hoof is an example of a pharmaceu-
tically-acceptable topical carrier. This term is specifically
intended to encompass carrier materials approved for use in
topical cosmetics as well.

The term “pharmaceutically acceptable additive” refers to
preservatives, antioxidants, fragrances, emulsifiers, dyes and
excipients known or used in the field of drug formulation
and that do not unduly interfere with the effectiveness of the
biological activity of the active agent, and that is sufficiently
non-toxic to the host or patient. Additives for topical for-
mulations are well-known in the art, and may be added to the
topical composition, as long as they are pharmaceutically
acceptable and not deleterious to the epithelial cells or their
function. Further, they should not cause deterioration in the
stability of the composition. For example, inert fillers,
anti-irritants, tackifiers, excipients, fragrances, opacifiers,
antioxidants, gelling agents, stabilizers, surfactant, emol-
lients, coloring agents, preservatives, buffering agents, other
permeation enhancers, and other conventional components
of topical or transdermal delivery formulations as are known
in the art.

The terms “enhancement,” “penetration enhancement” or
“permeation enhancement” relate to an increase in the
permeability of the skin, nail, hair, claw or hoof to a drug,
so as to increase the rate at which the drug permeates
through the skin, nail, hair, claw or hoof. The enhanced
permeation effected through the use of such enhancers can
be observed, for example, by measuring the rate of diffusion
of the drug through animal or human skin, nail, hair, claw or
hoof using a diffusion cell apparatus. A diffusion cell is
described by Merritt et al. Diffusion Apparatus for Skin
Penetration, J of Controlled Release, 1 (1984) pp. 161-162.
The term “permeation enhancer” or “penetration enhancer”
intends an agent or a mixture of agents, which, alone or in
combination, act to increase the permeability of the skin,
nail, hair or hoof to a drug.

The term “excipients” is conventionally known to mean
carriers, diluents and/or vehicles used in formulating drug
compositions effective for the desired use.

9 e
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The term “topical administration” refers to the application
of a pharmaceutical agent to the external surface of the skin,
nail, hair, claw or hoof, such that the agent crosses the
external surface of the skin, nail, hair, claw or hoof and
enters the underlying tissues. Topical administration
includes application of the composition to intact skin, nail,
hair, claw or hoof, or to an broken, raw or open wound of
skin. nail, hair, claw or hoof. Topical administration of a
pharmaceutical agent can result in a limited distribution of
the agent to the skin and surrounding tissues or, when the
agent is removed from the treatment area by the blood-
stream, can result in systemic distribution of the agent.

The term “transdermal delivery” refers to the diffusion of
an agent across the barrier of the skin, nail, hair, claw or hoof
resulting from topical administration or other application of
a composition. The stratum cormneum acts as a barrier and
few pharmaceutical agents are able to penetrate intact skin.
In contrast, the epidermis and dermis are permeable to many
solutes and absorption of drugs therefore occurs more read-
ily through skin, nail, hair, claw or hoof that is abraded or
otherwise stripped of the stratum comeum to expose the
epidermis. Transdermal delivery includes injection or other
delivery through any portion of the skin, nail, hair, claw or
hoof or mucous membrane and absorption or permeation
through the remaining portion. Absorption through intact
skin, nail, hair, claw or hoof can be enhanced by placing the
active agent in an appropriate pharmaceutically acceptable
vehicle before application to the skin, nail, hair, claw or
hoof. Passive topical administration may consist of applying
the active agent directly to the treatment site in combination
with emollients or penetration enhancers. As used herein,
transdermal delivery is intended to include delivery by
permeation through or past the integument, i.e. skin, nail,
hair, claw or hoof.

The term “microbial infection” refers to any infection of
a host tissue by an infectious agent including, but not limited
to, viruses, bacteria, mycobacteria, fungus and parasites
(see, e.g., Harrison’s Principles of Internal Medicine, pp.
93-98 (Wilson et al., eds., 12th ed. 1991); Williams et al., J.
of Medicinal Chem. 42:1481-1485 (1999), herein each
incorporated by reference in their entirety).

“Biological medium,” as used herein refers to hoth in
vitro and in vivo biological milieus. Exemplary in vitro
“biological media” include, but are not limited to, cell
culture, tissue culture, homogenates, plasma and blood. In
vivo applications are generally performed in mammals,
preferably humans.

“Inhibiting” and “blocking,” are used interchangeably
herein to refer to the partial or full blockade of an editing
domain of a tRNA synthetase.

“Ventral/intermediate center” as used herein refers to
powdered nail samples drilled from the center of the inner
surface (facing the nail bed) approximately 0.3-0.5 mm in
depth to the surface. The area is beneath the dosed site of the
nail place but does not include dosed surface (dorsal nail
surface).

“Ventral/intermediate center” as used herein refers to the
immediate area of dosed site.

“Remainder nail” as used herein refers to the remaining
part of the nail that has not been dosed.

“Supporting bed” as used herein refers to the cotton ball
placed within the Teflon chamber of the diffusion cell to
provide moisture to the nail plate and also to receive
chemicals penetrating through the nail plate.

“Surfacing washing” as used herein refers to ethanol (or
other organic solvents) and soap/water washing on the
surface of the dosed site.
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“Cell washing” as used herein, refers to ethanol (or other
organic solvents) and soap/water-wash of the inside of the
diffusion cell.

A “human nail unit”, as defined herein, can be the nail
plate, the nail bed, proximal nail fold, lateral nail fold and
combinations thereof.

The term “leaving group” means a functional group or
atom which can be displaced by another functional group or
atom in a substitution reaction, such as a nucleophilic
substitution reaction. By way of example, representative
leaving groups include triflate, chloro, bromo and iodo
groups; sulfonic ester groups, such as mesylate, tosylate,
brosylate, nosylate and the like; and acyloxy groups, such as
acetoxy, trifluoroacetoxy and the like.

‘The term “amino-protecting group” means a protecting
group suitable for preventing undesired reactions at an
amino nitrogen. Representative amino-protecting groups
include, but are not limited to, formyl; acyl groups, for
example alkanoyl groups, such as acetyl, trichloroacetyl or
trifluoroacetyl; alkoxycarbonyl groups, such as tert-butoxy-
carbonyl (Boc); arylmethoxycarbonyl groups, such as ben-
zyloxycarbonyl (Cbz) and 9-fluorenylmethoxycarbonyl
(Fmoc); arylmethyl groups, such as benzyl (Bn), trityl (Tr),
and 1,1-di-(4'-methoxyphenyl)methyl; silyl groups, such as
trimethylsilyl (TMS) and tert-butyldimethylsilyl (TBS); and
the like.

The term “hydroxy-protecting group™ means a protecting
group suitable for preventing undesired reactions at a
hydroxy group. Representative hydroxy-protecting groups
include, but are not limited to, alky] groups, such as methyl,
ethyl, and tert-butyl; acyl groups, for example alkanoyl
groups, such as acetyl; arylmethyl groups, such as benzyl
(Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm),
and diphenylmethyl (benzhydryl, DPM); silyl groups, such
as trimethylsilyl (TMS) and tert-butyldimethylsilyl (TBS);
and the like.

Boron is able to form dative bonds with oxygen, sulfur or
nitrogen under some circumstances in this invention. Dative
bonds are usually weaker than covalent bonds. In situations
where a boron is covalently honded to at least one oxygen,
sulfur or nitrogen, and is at the same time datively bonded
to an oxygen, sulfur or nitrogen, respectively, the dative
bond and covalent bond between the boron and the two
identical heteroatoms can interconvert or be in the form of
a resonance hybrid. There is potential uncertainty surround-
ing the exact nature and extent of electron sharing in these
situations. The structures supplied are not intended to
include any and all possible bonding scenarios between
boron and the atom to which it is bound. Non limiting
examples of these bonds are as follows:
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“Salt counterion”, as used herein, refers to positively
charged ions that associate with a compound of the invention
when the boron is fully negatively or partially negatively
charged. Examples of salt counterions include H*, H,0%,
ammonium, potassium, calcium, magnesium and sodium.

The compounds comprising a boron bonded to a carbon
and three heteroatoms (such as three oxygens described in
this section) can optionally contain a fully negatively
charged boron or partially negatively charged boron, due to
the nature of the dative bond between the boron and one of
the oxygens. Due to the negative charge, a positively
charged counterion may associate with this compound, thus
forming a salt. Examples of positively charged counterions
include H*, H,0", calcium, sodium, ammonium, potassium.
The salts of these compounds are implicitly contained in
descriptions of these compounds.

The present invention also encompasses compounds that
are poly- or multi-valent species, including, for example,
species such as dimers, trimers, tetramers and higher
homologs of the compounds of use in the invention or
reactive analogues thereof. For example, dimers of C10 can
form under the following conditions:

16
F
s
OH
OH
B/
B
\_ N0 PN
o o 2. HO\B _o OH
F
OH
15
F

In another example, dimers of C17 can form under the
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The present invention also encompasses compounds that

are anhydrides of the cyclic boronic esters are synthesized
by subjecting these compounds to dehydrating conditions.
Examples of these anhydrides are provided below:
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-continued -continued
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Trimers of the compounds of the invention are also o

produced. For example, trimers of acyclic boronic esters can

be formed as follows: OH

25

/OH
B HO_
/©:>O o » \O\ /@/
F
F
35 O/O/

B OH

F F,
45
OH
OH
B/ H,0
OO
F .

HO

50

CN.

Polymers of the compounds of the invention are also
produced through the removal of certain protecting groups
B OH in strong acid. For example, trimers of acyclic boronic esters
. _° o _-OH can be formed as follows:
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Also of use in the present invention are compounds that
are poly- or multi-valent species, including, for example,
species such as dimers, trimers, tetramers and higher
homologs of the compounds of use in the invention or
reactive analogues thereof. The poly- and multi-valent spe-
cies can be assembled from a single species or more than one
species of the invention. For example, a dimeric construct
can be “homo-dimeric” or “heterodimeric.” Moreover, poly-
and multi-valent constructs in which a compound of the
invention or a reactive analogue thereof, is attached to an
oligomeric or polymeric framework (e.g., polylysine, dex-
tran, hydroxyethyl starch and the like) are within the scope
of the present invention. The framework is preferably poly-
functional (i.e. having an array of reactive sites for attaching
compounds of use in the invention). Moreover, the frame-
work can be derivatized with a single species of the inven-
tion or more than one specics of the invention.

Moreover, the present invention includes the use of com-
pounds within the motif set forth in the formulae contained
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herein, which are functionalized to afford compounds hav-
ing water-solubility that is enhanced relative to analogous
compounds that are not similarly functionalized. Thus, any
of the substituents set forth herein can be replaced with
analogous radicals that have enhanced water solubility. For
example, it is within the scope of the invention to replace a
hydroxy! group with a diol, or an amine with a quaternary
amine, hydroxy amine or similar more water-soluble moicty.
In a preferred embodiment, additional water solubility is
imparted by substitution at a site not essential for the activity
towards the editing domain of the compounds set forth
herein with a moiety that enhances the water solubility of the
parent compounds. Methods of enhancing the water-solu-
bility of organic compounds are known in the art. Such
methods include, but are not limited to, functionalizing an
organic nucleus with a permanently charged moiety, e.g.,
quaternary ammonium, or a group that is charged at a
physiologically relevant pH, e.g. carboxylic acid, amine.
Other methods include, appending to the organic nucleus
hydroxyl- or amine-containing groups, e.g. alcohols, poly-
ols, polyethers, and the like. Representative examples
include, but are not limited to, polylysine, polyethyl-
eneimine, poly(ethyleneglycol) and poly(propyleneglycol).
Suitable functionalization chemistries and strategies for
these compounds are known in the art. See, for example,
Dunn, R. L., et al., Eds. POLYMERIC DRUGS AND DRUG
DELIVERY SYSTEMS, ACS Symposium Series Vol. 469,
American Chemical Society, Washington, D.C. 1991.

11. Introduction

The present invention provides novel boron compounds
and methods for the preparation of these molecules. The
invention further provides boron compounds as analogs
comprising a functional moiety, such as a drug moiety and
methods of use for said analogs.

I1I. The Compounds
111.a) Cyclic Boronic Esters

In a first aspect, the invention provides a compound
having a structure according to Formula I:

e a)
(l)/
G B
i j[ Y
D W
\A/ 17

wherein B is boron. R'“ is a member selected from a
negative charge, a salt counterion, H, cyano, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. M is a member
selected from oxygen, sulfur and NR?%. R* is a member
selected from H, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. J is a member selected from
(CR*R*%),, and CR*. R*®, R*%, and R** are members
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independently selected from H, cyano, substituted or unsub-
stituted alkyl, substituted or unsubstituted heteroalkyl, sub-
stituted or unsubstituted cycloalkyl, substituted or unsubsti-
tuted heterocycloalkyl, substituted or unsubstituted aryl, and
substituted or unsubstituted heteroaryl. The index nl is an
integer selected from O to 2. W is a member selected from
C=0 (carbonyl), (CR%**R"%),,, and CR®*. R%, R"*, and R®*
are members independently selected from H, cyano, substi-
tuted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. The index ml is an integer selected from 0 and 1.
A is a member selected from CR®® and N. D is a2 member
selected from CR'°® and N. E is a member selected from
CR"“ and N. G is a member selected from CR'?? and N.
R%?, R'%?, R'** and R'** are members independently
selected from H, OR*, NR*R** SR*, —S(O)R*, —S(0O)
,R*, —S(O),NR*R**, —C(O)R*, —C(O)OR*, —C(O)
NR*R**, nitro, halogen, cyano, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted het-
erocycloalkyl, substituted or unsubstituted aryl, and substi-
tuted or unsubstituted heteroaryl. Each R* and R** are
members independently selected from H, nitro, halogen,
cyano, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsub-
stituted heteroaryl. The combination of nitrogens (A+D+E+
G) is an integer selected from 0 to 3. A member selected
from R3?, R* and R% and a member selected from R%?, R7*
and R®, together with the atoms to which they are attached,
are optionally joined to form a 4 to 7 membered ring. R3®
and R*?, together with the atoms to which they are attached,
are optionally joined to form a 4 to 7 membered ring. R**
and R74, together with the atoms to which they are attached,
are optionally joined to form a 4 to 7 membered ring. R°°
and R'%4, together with the atoms to which they are attached,
are optionally joined to form a 4 to 7 membered ring. R'%°
and R'!“ together with the atoms to which they are attached,
are optionally joined to form a 4 to 7 membered ring. R'!¢
and R'??, together with the atoms to which they are attached,
are optionally joined to form a 4 to 7 membered ring.

In an exemplary embodiment, the compound has a struc-
ture according to Formula (la):

(I2)
128 o— Rle.
Rl la l
A
[¢]
RIOA RSa
RS R%

In another exemplary embodiment, each R** and R** is a
member independently selected from H, cyano, substituted
or unsubstituted methyl, substituted or unsubstituted ethyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
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ethyl, substituted or unsubstituted dialkylaminomethy], sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl and substituted or unsubstituted
amido. In another exemplary embodiment, each R*>* and R**
is a member independently selected from cyano, substituted
or unsubstituted methyl, substituted or unsubstituted cthyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethyl, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl, substituted or unsubstituted amido.

In another exemplary embodiment, each R3® and R*? is a
member selected from H, substituted or unsubstituted
methyl, substituted or unsubstituted ethyl, substituted or
unsubstituted propyl, substituted or unsubstituted isopropyl,
substituted or unsubstituted butyl, substituted or unsubsti-
tuted t-butyl, substituted or unsubstituted phenyl and sub-
stituted or unsubstituted benzyl. In another exemplary
embodiment, R*? and R** is a member selected from methyl,
ethyl, propyl, isopropyl, butyl, t-butyl, phenyl and benzyl. In
another exemplary embodiment, R** is H and R*® is a
member selected from methyl, ethyl, propyl, isopropyl,
butyl, t-butyl, phenyl and benzyl. In another exemplary
embodiment, R>? is H and R*® H.

In another exemplary embodiment, each R®?, R!%2 R!!4
and R'?? is a member independently selected from H, OR®,
NR*R** SR* —S(O)R*, —S(O),R*, —S(O),NR*R**,
—C(O)R*, —C(O)OR*, —C(O)NR*R**, halogen, cyano,
nitro, substituted or unsubstituted methoxy, substituted or
unsubstituted methyl, substituted or unsubstituted ethoxy,
substituted or unsubstituted ethyl, trifluoromethyl, substi-
tuted or unsubstituted hydroxymethyl, substituted or unsub-
stituted hydroxyalkyl, substituted or unsubstituted benzyl,
substituted or unsubstituted phenyl, substituted or unsubsti-
tuted phenyloxy, substituted or unsubstituted phenyl
methoxy, substituted or unsubstituted thiophenyloxy, sub-
stituted or unsubstituted pyridinyloxy, substituted or unsub-
stituted pyrimidinyloxy, substituted or unsubstituted benzyl-
furan, substituted or unsubstituted methylthio, substituted or
unsubstituted mercaptomethyl, substituted or unsubstituted
mercaptoalkyl, substituted or unsubstituted phenylthio, sub-
stituted or unsubstituted thiophenylthio, substituted or
unsubstituted phenyl methylthio, substituted or unsubsti-
tuted pyridinylthio, substituted or unsubstituted pyrimidi-
nylthio, substituted or unsubstituted benzylthiofuranyl, sub-
stituted or unsubstituted phenylsulfonyl, substituted or
unsubstituted benzylsulfonyl, substituted or unsubstituted
phenylmethylsulfonyl, substituted or unsubstituted thiophe-
nylsulfonyl, substituted or unsubstituted pyridinylsulfonyl,
substituted or unsubstituted pyrimidinylsulfonyl, substituted
or unsubstituted sulfonamidyl, substituted or unsubstituted
phenylsulfinyl, substituted or unsubstituted benzylsulfinyl,
substituted or unsubstituted phenylmethylsulfinyl, substi-
tuted or unsubstituted thiophenylsulfinyl, substituted or
unsubstituted pyridinylsulfinyl, substituted or unsubstituted
pyrimidinylsulfinyl, substituted or unsubstituted amino, sub-
stituted or unsubstituted alkylamino, substituted or unsub-
stituted dialkylamino, substituted or unsubstituted trifiuo-
romethylamino, substituted or unsubstituted aminomethyl,
substituted or unsubstituted alkylaminomethyl, substituted
or unsubstituted dialkylaminomethyl, substituted or unsub-
stituted arylaminomethyl, substituted or unsubstituted ben-
zylamino, substituted or unsubstituted phenylamino, substi-
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tuted or unsubstituted thiophenylamino, substituted or
unsubstituted pyridinylamino, substituted or unsubstituted
pyrimidinylamino, substituted or unsubstituted indolyl, sub-
stituted or unsubstituted morpholino, substituted or unsub-
stituted alkylamido, substituted or unsubstituted arylamido,
substituted or unsubstituted ureido, substituted or unsubsti-
tuted carbamoyl, and substituted or unsubstituted piperiz-
iny!. In an excmplary embodiment, R%?, R'%%, R!!® and R*?“
are selected from the previous list of substituents with the
exception of —C(O)R*, —C(O)OR*, —C(O)NR*R**.

In another exemplary embodiment, R®%, R'®?, R!* and
R!?% are members independently selected from fluoro,
chloro, bromo, nitro, cyano, amino, methyl, hydroxylm-
ethyl, trifluoromethyl, methoxy, trifluoromethyoxy, ethyl,
diethylcarbamoyl, pyridin-2-yl, pyndin-3-yl, pyridin-4-yl,
pyrimidinyl, piperizino, piperizinyl, piperizinocarbonyl,
piperizinylcarbonyl, carboxyl, 1-tetrazolyl, 1-ethoxycarbo-
nylmethoxy, carboxymethoxy, thiophenyl, 3-(butylcarbo-
nyl) phenylmethoxy, 1H-tetrazol-5-yl, 1-ethoxycarbonylm-
ethyloxy-, 1-ethoxycarbonylmethyl-, 1-ethoxycarbonyl-,
carboxymethoxy-, thiophen-2-yl, thiophen-2-yithio-, thio-
phen-3-yl, thiophen-3-ylthio, 4-fluorophenyithio, butylcar-
bonylphenylmethoxy, butylcarbonylphenylmethyl, butylcar-
bonylmethyl, 1-(piperidin-1-yl)carbonyl)methyl,
1-(piperidin-1-yl)carbonyl)methoxy, 1-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-
yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino, S5-methoxy-3-
(phenylthio)-1H-indol-1-yl, S-methoxy-3-(2-
cyanoethyithio)-1H-indol-1-yl)),  5-chloro-1H-indol-1-yl,
5-chloro-3-(2-cyanoethylthio)-1H-indol-1-y1)),  dibenzy-
Jamino, benzylamino, S-chloro-3-(phenylthio)-1H-indol-1-
yl)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-
nyl,  4-(1H-tetrazol-5-yl)phenylthio,  2-cyanophenoxy,
3cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3-chlorophenoxy,  4-chlorophenoxy,  2-fluorophenoxy,
3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, 4-fluorobenzyloxy, unsubstituted phe-
nyl, unsubstituted benzyl. In an exemplary embodiment, R**
is H and R'** is H.

In an exemplary embodiment, the compound according to
Formula (I) or Formula (la) is a member selected from:

(Ib)

_—R's;
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In an exemplary embodiment, the compound has a structure
according to one of Formulae I-Io with substituent selections
for R%2, R'%, R!!* and R'** including all the possibilities
contained in paragraph 106 except for H. In an exemplary
embodiment, the compound has a structure according to one
of Formulae Ib-Io with substituent selections for R°2, R'%4,
R''% and R'** including all the possibilities contained in
paragraph 107 except for H.

In an exemplary embodiment, the compound has a for-
mula according to Formulae (Ib)-(le) wherein R'® is a
member selected from H, a negative charge and a salt
counterion and the remaining R group (R°?in Ib, R'°*in Ic,
R''%inId, and R'??in le) is a member selected from fluoro,
chloro, bromo, nitro, cyano, amino, methyl, hydroxylm-
ethyl, trifluioromethyl, methoxy, triffuoromethyoxy, ethyl,
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diethylcarbamoyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
pyrimidinyl, piperizino, piperizinyl, piperizinocarbonyl,
piperizinylcarbonyl, carboxyl, 1-tetrazolyl, 1-ethoxycarbo-
nylmethoxy, carboxymethoxy, thiophenyl, 3-(butylcarbo-
nyl) phenylmethoxy, 1H-tetrazol-5-yl, 1-ethoxycarbonylm-
ethyloxy-, 1-cthoxycarbonylmethyl-, 1-cthoxycarbonyl-,
carboxymethoxy-, thiophen-2-yl, thiophen-2-ylthio-, thio-
phen-3-yl, thiophen-3-ylthio, 4-fluorophenyithio, butylcar-
bonylphenylmethoxy, butylcarbonylphenylmethyl, butylcar-
bonylmethyl, 1-(piperidin- 1-yl)carbonyl)methyl,
1-(piperidin-1-yl)carbonyl)methoxy, 1-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-yl)piperazin- 1-yl)carbonyl)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-
yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenyithio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino,  5-methoxy-3-
(phenylthio)-1H-indol-1-yl, 5-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  S-chloro-1H-indol-1-yl,
5-chloro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, 5-chloro-3-(phenylthio)-1H-indol-1-
y1)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-
nyl, 4-(1H-tetrazol-5-yl)phenylthio, = 2-cyanophenoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenyithio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3-chlorophcnoxy,  4-chlorophenoxy,  2-fluorophenoxy,
3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy and 4-fluorobenzyloxy.

In an exemplary embodiment, the compound has a for-
mula according to Formulae (If)-(Ik) wherein R'¢ is a
member selected from H, a negative charge and a sait
counterion and each of the remaining two R groups (R°* and
R!'%9 in If, R% and R''* in Ig, R% and R'?*? in Ih, R'°* and
R4 ip [i, R'%* and R'* in Ij, R'% and R'?*? in Ik) is a
member independently selected from fluoro, chloro, bromo,
nitro, cyano, amino, methyl, hydroxylmethy), trifluorom-
ethyl, methoxy, triflucromethyoxy, ethyl, diethylcarbamoyl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, pyrimidinyl, piper-
izino, piperizinyl, piperizinocarbonyl, piperizinylcarbonyl,
carboxyl, 1-tetrazolyl, 1-ethoxycarbonylmethoxy, car-
boxymethoxy, thiophenyl, 3-(butylcarbonyl) phenyl-
methoxy, 1H-tetrazol-5-yl, 1-ethoxycarbonylmethyloxy-,
1-ethoxycarbonylmethyl-, 1-ethoxycarbonyl-, car-
boxymethoxy-, thiophen-2-yl, thiophen-2-ylthio-, thiophen-
3-yl, thiophen-3-ylthio, 4-fluorophenylthio, butylcarbonyl-
phenylmethoxy, butylcarbonylphenylmethyl,
butylcarbonylmethyl,  1-(piperidin-1-yl)carbonyl)methyl,
1-(piperidin-1-yl)carbonyl)methoxy, 1-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-
yl)piperazin-1-yl, 1-(4-(pyndin-2-yl)piperazin-1-yl)
carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholiny], morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
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ethylthio)-1H-indol-1-yl,  benzylamino,
(phenylthio)-1H-indol-1-yl, 5-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  5-chloro-1H-indol-1-yl,
5-chloro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, 5-chloro-3-(phenylthio)-1H-indol-1-
y1)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-

S-methoxy-3-

nyl,  4-(1H-tetrazol-5-yl)phenylthio, 2-cyanophenoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3-cyanophenylthio, 4-cyanophenyithio, 2-chlorophenoxy,
3-chlorophenoxy,  4-chlorophenoxy,  2-fluorophenoxy,

3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, and 4-fluorobenzyloxy.

In an exemplary embodiment, the compound has a for-
mula according to Formulae (I1)-(Io) wherein R'“ is a
member selected from H, a negative charge and a salt
counterion and each of the remaining three R groups (R*?,
RlOa’ Rlla in (]]), R9a’ RlOa’ RlZa in (Im), R9a, R““, Rl2a in
(In), R*°2, R!*%, R'?4 in (lo)) is a member independently
selected from fluoro, chloro, bromo, nitro, cyano, amino,
methy!, hydroxylmethyl, trifluoromethyl, methoxy, trifluo-
romethyoxy, ethyl, diethylcarbamoyl, pyridin-2-yl, pyridin-
3-yl, pyridin-4-yl, pyrimidinyl, piperizino, piperizinyl, pip-
erizinocarbonyl, piperizinylcarbonyl, carboxyl, 1-tetrazolyl,
1-ethoxycarbonylmethoxy, carboxymethoxy, thiophenyl,
3-(butylcarbonyl) phenylmethoxy, 1H-tetrazol-5-yl,
1-ethoxycarbonylmethyloxy-,  1-ethoxycarbonylmethyl-,
1-ethoxycarbonyl-, carboxymethoxy-, thiophen-2-yl, thio-
phen-2-ylthio-, thiophen-3-yl, thiophen-3-ylthio, 4-fluoro-
phenyithio, butylcarbonylphenylmethoxy, butylcarbonyl-
phenylmethyl, butylcarbonylmethyl, 1-(piperidin-1-yl)
carbonyl)methyl, 1-(piperidin-1-ylcarbonyl)methoxy,
1-(piperidin-2-yl)carbonyl)methoxy, 1-(piperidin-3-yl)car-
bonyl)methoxy, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbo-
nyl)methoxy, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbonyl)
methyl, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-
(pyrimidin-2-yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)
piperazin-1-yl)carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbony!)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-

ethylthio)-1H-indol-1-yl, = benzylamino, 5-methoxy-3-
(phenylthio)-1H-indol-1-yl, 5-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-y})),  S-chloro-1H-indol-1-yl,

5-chloro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, 5-chloro-3-(phenylthio)-1H-indol-1-
y1)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-

nyl,  4-(1H-tetrazol-S-yl)phenylthio, = 2-cyanophenoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3chlorophenoxy, 4-chlorophenoxy, 2-fluorophenoxy,

3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, and 4-fluorobenzyloxy.

In an exemplary embodiment, there is a proviso that the
compound cannot be a member selected from FIG. 11. In
another exemplary embodiment, there is a proviso that the
compound cannot be a member selected from C1-C40.
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In another exemplary embodiment, there is a proviso that
the compound cannot have a structure according to Formula

(Ix):

(Ix)

O/Rlb
RN® /
BN
O
10b
R H
R7b

wherein R7® is a member selected from H, methyl, ethyl and
phenyl. R'% is a2 member selected from H, OH, NH,, SH,
halogen, substituted or unsubstituted phenoxy, substituted or
unsubstituted phenylalkyloxy, substituted or unsubstituted
phenylthio and substituted or unsubstituted phenylalkylthio.
R!!® is a member selected from H, OH, NH,, SH, methyl,
substituted or unsubstituted phenoxy, substituted or unsub-
stituted phenylalkyloxy, substituted or unsubstituted phenyl-
thio and substituted or unsubstituted phenylalkylthio. In
another exemplary embodiment, there is a proviso that the
compound cannot have a structure according to Formula (Ix)
wherein R'” is a member selected from a negative charge, H
and a salt counterion. In another exemplary embodiment,
there is a proviso that the compound cannot have a structure
according to Formula (Ix) wherein R!%* and R'!® are H. In
another exemplary embodiment, there is a proviso that the
compound cannot have a structure according to Formula (Ix)
wherein one member selected from R'°® and R!'® is H and
the other member selected from R'®” and R'!” is a member
selected from halo, methyl, cyano, methoxy, hydroxymethyl
and p-cyanophenyloxy. In another exemplary embodiment,
there is a proviso that the compound cannot have a structure
according to Formula (Ix) wherein R'°® and R!!® are mem-
bers independently selected from fluoro, chloro, methyl,
cyano, methoxy, hydroxymethyl, and p-cyanophenyl. In
another exemplary embodiment, there is a proviso that the
compound cannot have a structure according to Formula (Ix)
wherein R!? is a member selected from a negative charge, H
and a salt counterion; R”® is H; R'°? is F and R!*? is H. In
another exemplary embodiment, there is a proviso that the
compound cannot have a structure according to Formula (Ix)
wherein R'!® and R'?*, along with the atoms to which they
are attached, are joined to form a phenyl group. In another
exemplary embodiment, there is a proviso that the com-
pound cannot have a structure according to Formula (Ix)
wherein R'® is a member selected from a negative charge, H
and a salt counterion; R is H; R'® is 4-cyanophenoxy; and
R'"®is H.

In another exemplary embodiment, there is a proviso that
the compound cannot have a structure according to Formula

(y)

b (Iy)
R
-

w\o

RIOD
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wherein R'°® is a member selected from H, halogen, CN and <continued
substituted or unsubstituted C, _, alkyl. .
In another exemplary embodiment, there is a proviso that - OH (faf)
a structure does not have the which is a member selected HO—C’ |
from Formulae (I) to (o) at least one member selected from p ¥ X B
RSa, R4a, RSa, R6a’ R7a, RSa7 R9a, RlOa’ Rlla and RlZn is /ﬁ \O
nitro, cyano or halogen. In another exemplary embodiment, (r8); U /

there is a proviso that when M is oxygen, W is a member
selected from (CR?**R*),,, wherein nl is 0, J is a member

6ap 7a 4 H , Ai CR9a, D . . .
isse lécl{?gafr(énils((él;“g cg";‘s’ évll{g:mthlglngsa lis ncl: halogen. 10 in which q is a number between 0 and 1. R? is halogen. R?,

methyl, ethyl, or optionally joined with R'% to form a R®, R¢, R? and R* are members independently selected from

phenyl ring; R!°? is not unsubstituted phenoxy, C(CH,),, a member selected from H, substituted or unsubstituted
halogen, CF,, methoxy, ethoxy, or optionally joined with alkyl, substituted or unsubstituted heteroalkyl, substituted or
R®? to form a phenyl ring; R'*¢ is not halogen or o?tionally unsubstituted cycloalkyl, substituted or unsubstituted het-
joined with R'®? to form a phenyl ring; and R'** is not 13 erocycloalkyl, substituted or unsubstituted aryl, and substi-
halogen. In another exemplary embodiment, there is @  tyted or unsubstituted heteroaryl. In an exemplary embodi-

proviso that when M is oxygen, W is a member selected t. there i iso that th di
from (CR**R*%),,, wherein nl is 0, J is a member selected :::c; edefl‘;f)llxsl a proviso e compound is not a member

from (CR%*R),,,, whereinm1 is 1, A is CR%?, D is CR'%?,
E is CR'?, Gl is CR'?%, then neither R®** nor R7® are 20
halophenyl. In another exemplary embodiment, there is a
proviso that when M is oxygen, W is a member selected
from (CR?>?R*?),,,, wherein nl is 0, ] is a member selected
from (CR®?R7%),,,, wherein m1 is 1, A is CR%®, D is CR'%?,
E is CR!'%, G is CR'?4, and R®*, R'%? and R''* are H, then 5
R®®, R7@ and R'?“ are not H. In another exemplary embodi-
ment, there is a proviso that when M is oxygen wherein nl
is 1, J is a member selected from (CR°*R’%),,,, wherein m1
is 0, A is CR®?, D is CR'°?, E is CR'!?, G is CR!2%, R*? is

F Me
OH,
/
N\
O
OH
. . B/ H,N 3
H, R'%is H, R''%is H, R% is H, R™ is H, R'?? is H, then " \ \
W is not C=0 (carbonyl). In another exemplary embodi- 0\ 0 ; O, and
ment, there is a proviso that when M is oxygen, W is CR?, B
HO/
OH
O;N IB
o
0.

OH,

>}
~
o/

Jis CR®, A is CR®?, D is CR!%% E is CR!!?, G is CR'?9,
RGa’ R’la’ R9a’ RlOa’ Rlla and RlZa are H, then RSa and Rsa,
together with the atoms to which they are attached, do not
form a phenyl ring.

In an exemplary embodiment, the compound of the inven-
tion has a structure which is a member selected from:

35

(lab) 40
®9), In an exemplary embodiment, the compound has a struc-

OH
I .
Ra N\ N B\ ture is a member selected from:
e
0P F 45

lll’ (Tac) 5 |o}{ (l2g)
R®),
OH 5
R;/ \ \ é il |\ \ \O
E/ 7 P K ko ~
®®), , =
(lad) T clm
p Cl)H 5 R N N B
| o, P
/ P (RE),
(R®), 60 ai
q (a) OH "
R*—O (l)H R”/s S *I‘
\ o}
(Rx),,/'!/ O, and 65 AR

v ®),
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-continued ~continued
OH (Iaj) cl — =
R*—0O [ N ; )/
N X B\ 5 HTN\ / N\ _N
|/I O and
R®),; L __~# )
In an exemplary embodiment, R® and R¢ are members
(lak) independently selected from H, methyl,
HO—CH, 10

OH
)
\

AN
} O- EtO HO
RN . .
o) o}

In an exemplary embodiment, R?, R? and R° are each
members independently selected from: o

(o} 0
o 25

. (L

.40
W O
| Q]

45 N s

. : H
EJ\;" /S\}LL‘, A
7\
O O Me

50 ; ;

Me 0O
: ; '//N\N NC
) N |
N~N NC 55 i
N | ;
\
B
H ;  and
60 = . /@%
\ s F

O 'y Y
\ $ F 65 H/N\ / ;  and \ }{

O‘“W |
JI
@
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In another exemplary embodiment, R® is H and R° is a _continued
member selected from H, methyl,

N0y -G

15

In another exemplary embodiment, R® and R are, together
with the nitrogen to which they are attached, optionally S
joined to form a member selected from 25

In an exemplary embodiment, R? is a member selected
40 from

EtO HO.
45 ; ;
(o} o}
o]
B \/\/‘k@

55
NW; and
(o]

Py -
S g
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In an exemplary embodiment, R¥ is a member selected -continued
from OH

In an exemplary embodiment, R® is a member selected
g
.
N

- M

from

20

Ny

N// |

\V

' h

O O
N

NC ’

Q, ’°

35

)
D
2.,

-

Z
5 w—O
9/ o

—X
o
o
<o}

X
[
\
z
i o —
9/

In an exemplary embodiment, the compound is a member
selected from

40
45

o
OH
1'3 50
\
O;
HO.
\[(\ o
(o]

55

p
22

o

£ 1
&

9
9
Jg

60

§ B
\0;
/©/ \CE/ 65
F

»

.
i u,é —_
9/
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-continued -continued

. L
O/ \"/ \(:[)O oN
O 1
20
S /\/
SO,
=
< N\ )
VAN 2 N
AN g S \QQ

oH
OH; OH b
Me § i | 30
YO Co
o] O 0 Ol
o PH
g
N\

45 S
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-continued
N
/ N
N/ |
p
© /OH;
B
\
o]
S
= OH

\ I

s B
JOROS:
Cl
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40
-continued
” OH;

! {
JORLY,
Cl

O=S=

OH;
s J

O

FsC

o}

OH;
I /

In an exemplary embodiment, the compound has a struc-
ture which is described in FIG. 19. In an exemplary embodi-
ment, the compound has a structure which is described in
FIG. 20.

In an exemplary embodiment, the compound has a struc-
ture according to a member selected from Formulae I(b),
I(c), I(d), and I(e) wherein said remaining R group (R** for
I(b), R*® for I(c), R''* for I(d) and R'** for I(e)) is car-
boxymethoxy.

In an exemplary embodiment, the compound has a struc-
ture which is a member selected from Formulae (If)-(k),
wherein either R%* or R'°* for Formula (If), either R®* or
R!!® for Formula (Ig), either R®* or R'?“ for Formula (Ih),
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either R** or R!!? for Formula (Ii), either R'®* or R'** for
Formula (Jj), either R'!? or R'** for Formula (Ik) is halogen,
and the other substituent in thc pairing (ex. if R®® is F in
Formula (If), then R'®* is selected from the following
substituent listing), is a member selected from NI1,, N(CH;)
H, and N(CH,),.

In another exemplary embodiment, the compound has a
structure which is a member selected from:

T’ H o—R"
. /
,,/}' B
R N\
O
F
H L
T‘ H O/Rla
d
R \
O
Cl
H L
T. H O/R s
/
N B
R \
O
Br
H i

in which R* and R** are members selected from: H,
substituted or unsubstituted alkyl, substituted or unsubsti-
tuted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. In an exemplary embodiment, the compound is a
member selected from

H O/RI 8
HoN B/\
o)
F
H w o
H o—R"%
(H;C)HN d
\
o)
F
H CE
H o—R"
(H;CN d
\
0
F
! N H

42
-continued
o— R',
| : I
10 o—R"
(H;C)HN
Cl
15 H
o/ Rln
(H;C),N. B/\
20
[¢]
Ct
H
25 o—R"
HN
Br
30
H
o— Rla
(H;C)HN
35
Br
40 l
(HyC)N
45 Br

wherein R'? is a member selected from a negative charge, H
and a salt counterion.

In another exemplary embodiment, the compound has a
structure which is a member selected from:

55
Tak
HO—CH, s
B
R
60 ®RO z

wherein q is 1 and R® is a member selected from fluoro,
5 chloro and bromo.

In another exemplary embodiment, the compounds and
embodiments described above in Formulae (1)-(Io) can form
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a hydrate with water, a solvate with an alcohol (e.g. metha-
nol, ethanol, propanot); an adduct with an amino compound
(e.g. ammonia, methylamine, ethylamine); an adduct with an
acid (e.g. formic acid, acetic acid); complexes with etha-
nolamine, quinoline, amino acids, and the like.

In another exemplary embodiment, the compound has a
structure according to Formula (Ip):

s (Ip)
.

o~ }\N 2

Gl }L\/ \R’z

I I T

DI, w1

Nl n”

in which R*? is a member selected from substituted or
unsubstituted C,-Cs alkyl and substituted or unsubstituted
C,-C; heteroalkyl. R”? and R*? are members independently
selected from H, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl.

In another exemplary embodiment, the compound has a
structure according to Formula (Iq):

2 " (¢C)]
o/’i
Rile B/ N \/ R
N, e
RlOa R3¢
RS R%

wherein B is boron. R** is a member selected from substi-
tuted or unsubstituted C,-C; alkyl and substituted or unsub-
stituted C,-C heteroalkyl. R”? and R*? are members inde-
pendently selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted het-
erocycloalkyl, substituted or unsubstituted aryl, and substi-
tuted or unsubstituted heteroaryl. In another exemplary
embodiment, at least one member selected from R3?, R*,
R34 R%, R7%, R%, R%, R!99 R'!% and R'?“ is a member
selected from nitro, cyano and halogen.

In another exemplary embodiment, the compound has a
structure which is a member selected from the following
Formulae:

I
- - (I)
o \
H B/ N\/Rﬂ,
\o ’2
H R
q H
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-continued
12 s
H B/ N R2,
o N RzZ
H
H
H R%
Iy
H o— x2
H B/ N~ R2,
AN
\O R2
H
H
R9a H
(Iw)
H B/ N— R%,
N\
\o R2
10a
R H
H H
Iv)
(Iw)
and
(Iz)
R\ o— R
RN B/ L \/ R,
N ke
RlOa RJa
R% R%

In another exemplary embodiment, the compound has a
formula according to Formulae (Ib)-(le) wherein at least one
member selected from R*?, R*®, R%, R% R’¢, R®, R%,
R'°2 R!!% and R'24 is a member selected from nitro, cyano,
fluro, chloro, bromo and cyanophenoxy. In another exem-
plary embodiment, the compound is a member selected from
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~continued
12 NC,
o/“
e —
s
2
o & \_/
22
F A
R2.
10 B—NC
RIZ
o
g N . .
N\ 15 In another exemplary embodiment, the compound is a
N, Nz
0 member selected from
F 2
20 o~
HN B/ N—R?
RZ and
o -
/ 2 F
B \J,Ry , 25
/(:[) ° .
F
30
o— 2 HO o 2
‘ F B/ N—F 2, / R??
‘ \_A N ” B_N\/ .
)
% o) R 35 \O R2
1
j F - x2
| (o]
| / 2 . . .
B——nN—R"% In another exemplary embodiment, there is a proviso that
\o \RzZ 40 the compound cannot have a structure according to Formula
(laa):
x2
O/
0 L ()
\ N\
NC
— x2
0 50 Rl
B—N—F%
N\

\ 2
NC o R
o . wherein R®®, R®®, R!%®, R!!® and R'?® have the same

substituent listings as described for Formulae (Ix) and (ly)

o _R*2 above.
B/—L’ R2 In another exemplary embodiment, the invention provides
\ N, poly- or mutli-valent species of the compounds of the
0 R 60 invention. In an exemplary embodiment, the invention pro-
and vides a dimer of the compounds described herein. In an
o exemplary embodiment, the invention provides a dimer of
the compounds described herein. In an exemplary embodi-
/©/ s ment, the invention provides a dimer of a compound which
NC is a member selected from C1-C96. In an exemplary

embodiment the dimer is a member selected from
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member selected from C1-C96. In an exemplary embodi-
ment the trimer is a member selected from

30

5

In an exemplary embodiment, the invention provides an 40

o
anhydride of the compounds described herein. In an exem- NC B\O/ N
plary embodiment, the invention provides an anhydride of
the compounds described herein. In an exemplary embodi- 0 0

35

E
F
5
OH
HO
B
HO. o oH and
N B OH
B
10 ?/ \cl)
~o”
15 F F;
F
cN oH
/©/ F
0 20 q
oK _B___ OH
HO. 0 ) OH
: 3 N7 on N7 om
B
B
HO._ O OH
B
OH
CN

ment, the invention provides an anhydride of a compound ol
which is a member selected from CI1-C96. In an exemplary 45 CcN
embodiment the anhydride is a member selected from /@/
(@)
o]
O—-B/ 30
{ y
o}
F F 55 B OH
PN
O HO. 0 O OH
o—¢8 N3 on N7 on
NC g
je¥oe
(¢ o 60
In an exemplary embodiment, the invention provides a 0. o}
trimer of the compounds described herein. In an exemplary
embodiment, the invention provides a trimer of the com- 65
pounds described herein. In an exemplary embodiment, the CN CN;

invention provides a trimer of a compound which is a
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-continued -continued
F ()

122 O/Rla;
{
| 0
P
RlOa RGG

B\ OH R% R?a

0 10

(I1d)

HO O
N OH
B OH B/ OH
F F
l CN 20 -
Oxaborines
25 In an exemplary embodiment, the compound has a struc-
ture according to Formula (III):
B OH (1
0 " 30
HO O OH
~
37 oH 87 oH 3
CN.

(o)

J
o8

35

40
1. b.) Cyclic Borinic Esters

In one aspect, the invention provides compounds uscful in

Pyridinyloxaboroles ; 4
. the methods which have a structure according to Formula
In an exemplary embodiment, the compound has a struc- VII:
ture which is a member selected from Formulae (1Ia) (1Ib) ’
(IIc) and (11d).
(VI
Rla
X
D w
NN\~

55

wherein the variables R!%, A, D, E, G, J, W and M are
described elsewhere herein.

) In an exemplary embodiment of Formula (VII), R' is

60 substituted or unsubstituted alkyl (C,-C,). In an exemplary
embodiment of Formula (VII), R! is substituted or unsub-
stituted alkyloxy. In an exemplary embodiment of Formula
(VID), R' is substituted or unsubstituted cycloalkyl (C,-C,).
In an exemplary embodiment of Formula (VII), R! is sub-

65 stituted or unsubstituted alkenyl. In a further exemplary
embodiment thereof, the substituted alkenyl has the struc-
ture
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Vlla)
R3S R4 ( )

R

wherein R??, R** and R** are each members independently
selected from H, haloalkyl, aralkyl, substituted aralkyl,
(CH,),OH (where r=1 to 3), CH,NR?*R?” (wherein R?¢ and
R?7 are independently selected from hydrogen and alkyl),
CO,H, CO,alkyl, CONH,, S-alky), S-aryl, SO,alkyl, SO,H,
SCF,, CN, halogen, CF,, NO,, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted het-
erocycloalkyl, substituted or unsubstituted aryl, and substi-
tuted or unsubstituted heteroaryl.

In another exemplary embodiment of Formula (VII), R' is
a substituted or unsubstituted alkynyl. In a further exem-
plary embodiment thereof, the substituted alkynyl has the
structure

(VIIb)

wherein R?? is defined as before.

In an exemplary embodiment of Formula (VII), R* is
substituted or unsubstituted aryl. In a further exemplary
embodiment thereof the substituted aryl has the structure

(VlIc)

RJO
R R

wherein R?®, R?°, R?, R*» and R’ are each members
independently selected from H, aralkyl, substituted aralkyl,
(CH,),OH (where s=1 to 3), CO,H, CO,alkyl, CONH,,
CONHalkyl, CON(alkyl),, OH, alkoxy, aryloxy, SH,
S-alky), S-aryl, SO,alkyl, SO,H, SCF,, CN, halogen, CF,,
NO,, (CH,)NR?**R?’ (wherein R?® and R?7 are indepen-
dently selected from hydrogen, alkyl, and alkanoyl)(t=0 to
2), SO,NH,, OCH,CH,NH,, OCH,CH,NHalkyl,
OCH,CH,N(alkyl),, oxazolidin-2-yl, alkyl substituted
oxazolidin-2-yl, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl.

In an exemplary embodiment of Formula (VII), R' is a

substituted or unsubstituted aralkyl. In a further exemplary
embodiment thereof the substituted aralky! has the structure

5

10
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R3? R3l
%(CHZ)MAQ;RM
R%® R?
wherein R?%, R?°, R3, R?! and R>?2 are defined as before, and
nl is an integer selected from 1 to 15.
In an exemplary embodiment of Formula (VII), R! is a

substituted or unsubstituted heteroaryl. In a further exem-
plary embodiment thereof, heteroaryl has the structure

(VId)

) (Ve)
R.)J
>
x” Ky
R3M# or
1
s (VIIf)
Y/%X
R¥M—

wherein X is a member selected from CH=—CH, N=—CH,
NR>® (wherein R**=H, alkyl, aryl or benzyl), O, or S. Y=CH
or N. R*? and R** are each members independently selected
from H, haloalkyl, aralkyl, substituted aralkyl, (CH,),OH
(where u=1, 2 or 3), (CH,) NR**R?’ (wherein R?® and R*’
are independently selected from hydrogen, alkyl and
alkanoyl)(v=0 to 3), CO,H, CO,alkyl, CONH,, S-alkyl,
S-aryl, SO,alkyl, SO,H, SCF,, CN, halogen, CF,, NO,,
substituted or unsubstituted alkyl, substituted or unsubsti-
tuted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl.

The structures of the invention also permit solvent inter-
actions that may afford structures (Formula VIlg) that
include atoms derived from the solvent encountered by the
compounds of the invention during synthetic manipulations
and therapeutic uses. Structure VIlg arises from the forma-
tion of a dative bond between the solvent(s) with the Lewis
acidic boron center. Thus, such solvent complexes could be
stable entities with comparative bioactivities. Such struc-
tures are expressly contemplated by the present invention
where R*** is H or alkyl.

Fomula (VIIg)

R‘..
)

W

G B H
0
D. W
NE N\~

In an exemplary embodiment, the compound has a struc-
ture which is a member selected from 2-(3-Chloropheny!)-



Case 1:18-cv-00202-IMK Document 1-3 Filed 10/30/18 Page 107 of 241 PagelD #: 604

US 9,566,290 B2

53
[1,3,2]-dioxaborolane, (3-Chlorophenyl)(4'-fluoro-(2'-
(methoxymethoxy)-methyl)-phenyl)-borinic ~ acid, 1-(3-
Chlorophenyl)-5-fluoro-1,3-dihydrobenzo|[c][1,2]
oxaborole, 1-(3-Chlorophenyl)-6-fluoro-1,3-dihydrobenzo
[¢][1,2]oxaborole, 1-(3-Chlorophenyl)-1,3-dihydrobenzo[c]
[1,2]oxaborole, S-Chloro-1-(3-Fluorophenyl)-1,3-
dihydrobenzo(c][1,2]oxaborole, 2-(3-fluorophenyl)-[1,3,2]-
dioxaborolane, 3.(Benzo[c][1,2]oxaborol-1(3H)-yl)
benzonitrile, 2-(3-cyanophenyl)-[1,3,2]-dioxaborolane,
(3-Chlorophenyl1)(5'-fluoro-(2'-(methoxymethoxy)methyl)-
phenyl)-borinic acid, 1-(3-Chlorophenyl)-1,3-dihydro-3,
3dimethylbenzo[c]{1,2]oxaborole, (3-Chlorophenyl)(2-(2-
(methoxymethoxy)propan-2yl)phenylborinic acid, 1-(3-
Chlorophenyl)-1,3-dihydro-3,3-dimethylbenzo([c}{1,2]
oxaborole,  1-(4-Chlorophenyl)-1,3-dihydrobenzo[c][1,2]
oxaborole, 2-(4-chlorophenyl)-[1,3,2]-dioxaborolane,
4-(Benzo[c<][1,2]oxaborol-1(3H)-yl)benzonitrile, 2-(4-cya-
nophenyl)-[1,3,2]-dioxaborolane, 4-(5-Fluorobenzo(c][1,2]
oxaborol-1(3H)-yl)benzonitrile, 2-(4-cyanophenyl)-[1,3,2]-
dioxaborolane, 3-(5-Fluorobenzo{c][1,2]oxaborol-1(3H)-yl)
benzonitrile, 2-(3-cyanophenyl)-[1,3,2]-dioxaborolane,
3-(6-Fluorobenzofc]{1,2]Joxaborol-1(3H)-yl)benzonitrile,
2-(3-cyanophenyl)-[1,3,2]-dioxaborolane, 1-(3-Cyanophe-
nyl)-5,6-dimethoxy-1,3-dihydrobenzo[c][1,2]-oxaborole,
2-(3-chlorophenyl)-{1,3,2]dioxaborolane, (4-(5-(Fluo-
robenzo[c][1,2]oxaborol-1(3H)-yl)phenylmethanamine,
5-Fluoro-2-(methoxymethoxymethyl)phenyl]-[1,3,2]-di-
oxaborolane, 4-(5-(Fluorobenzo[c][1,2}oxaborol-1(3H)-yl)
phenylmethanamine, (3-(5-(Fluorobenzo[c][1,2]Joxaborol-1
(3H)-yl)-phenylmethanamine, (4-(5-(Fluorobenzolc][1,2]
oxaborol-1(3H)-yl)phenyl)methanol, (3-(5-(Fluorobenzo(c]
[1,2]oxaborol-1(3H)-yl)phenyl)methanol, 3-(6-Fluorobenzo
[c][1,2]oxaborol-1(3H)-yl)phenol, 3-(5-Fluorobenzo[c][1,2]
oxaborol-1(3H)-yl)pyridine, (2-(Benzo[c][1,2]Joxaborol-1
(3H)-yl)phenyl)methanol,  2-[(Methoxymethoxy)methyi]
phenyl boronic acid, 2-[(Methoxymethoxymethyl)pheny]-
[1,3,2])-dioxaborolane, Bis [2-(methoxymethoxymethyl)
phenyl]borinic acid, (2-(Benzo[c][1,2]oxaborol-1(3H)-yl)
phenyl)methanol, (2-(Benzo(c](1,2]oxaborol-1(3H)-yl)
phenyl)-N,N-dimethylmethanamine, (2-(Benzofc]{1,2]
oxaborol-1(3H)-yl)-5-chlorophenyl)-N,N-
dimethylmethanamine, (2-(Benzo{c]{1,2]Joxaborol-1(3H)-
yl)-5-chlorophenyl)methanol, (2-(Benzo{c][1,2]Joxaborol-1
(3H)-yl)-5-chlorophenyl)methanol, (5-Chloro-2-(5-
chlorobenzo[c][1,2]oxaborol-1(3H)-yl)phenyl)methanol,
Bis[4-chloro-2-(methoxymethoxymethyl)phenyllborinic
acid, (5-Chloro-2-(5-chlorobenzo(c]{1,2]oxaborol-1(3H)-
yl)phenyl)methanol,  (5-Chloro-2-(S<hlorobenzo(c][1,2]
oxaborol-1(3H)-yl)phenyl-N,N-dimethylmethanamine,
1-(4-chloro-2-methoxypheny!)-1,3-dithydrobenzo(c]{1,2]
benzoxaborole, 4-Chloro-2-methoxyphenylboronic acid
ethylene glycol ester, 1-(4-chloro-2-methoxyphenyl)-1,3-di-
hydrobenzo[c]{1,2]benzoxaborole, 2-(Benzo[c]{1,2]Joxabo-
ral-1(3H)-yl)-5-chlorophenol, 2-(3-(Benzo{c][1.2]oxaborol-
1(3H)-yl)phenoxy)-5-chlorophenol, 2-(3-(Benzo[c]{1,2]
oxaborol-1(3H)-yl)Phenoxy)-5-chlorophenol 4-((3-(5-
Fluorobenzo{c][1,2]oxaborol-1(3H)-yl)phenyl)methyl)
morpholine,  3-(5-Fluorobenzo[c][1,2]oxaborol-1(3H)-yl]
phenyl)-methyl 8-hydroxy-quinoline-2-carboxylate, 1-(3-
Chlorophenyl)-2,3-dihydro-2-(methoxymethy)- 1 H-benzo
[c][1,2]azaborole, 3-Chlorophenyl 2-[N,N-bis
(methoxymethyl)aminomethyl]phenylborinic acid, 1-(3-
Chlorophenyl)-2,3-dihydro-2-(methoxymethy)-1H-benzo
[¢][1,2]azaborole, 1-(3-Chlorophenyl)-1,3.4,5-
tetrahydrobenzo-[c][ 1,2]-oxaborepine, 1-(3-Chlorophenyl)-
1,3,4,5-tetrahydrobenzo{c](1,2]oxaborepine, 1-(3-
Chlorophenyl)-3,4-dihydro-1H-benzo[c][1,2]-0xaborinine,

S

20

25

30

35

45

50

55

60

65

54
2-(3-Chlorophenyl)-[1,3,2]dioxaborolane, (3-Chlorophenyl)
(2'-(2-(methoxymethoxy)ethyl)phenyl)borinic acid, and
1-(3-Chloropheny!)-3,4-dihydro- 1H-benzo[c]{1,2]oxabori-
nine.

I. ¢.) 2'-amino ribofuranoses

In another aspect, the invention provides compounds
useful in the methods which is a 2'-amino ribofuranose. In
an exemplary embodiment, the 1'-position of the ribofura-
nose is substituted with a member selected from substituted
or unsubstituted aryl and substituted or unsubstituted het-
eroaryl. In another exemplary embodiment, the 1'-position
of the ribofuranose is substituted with a member selected
from substituted or unsubstituted purine, substituted or
unsubstituted pyrimidine, substituted or unsubstituted pyri-
dine and substituted or unsubstituted imidazole. In another
exemplary embodiment, the 1'-position of the ribofuranose
is substituted with a member selected from substituted or
unsubstituted nicotinic acid, substituted or unsubstituted
nicotinamide, substituted or unsubstituted nucleic acid base,
substituted or unsubstituted adenine,

NH,
(1)
N P
JW\IIIW\/' F

substituted or unsubstituted cytosine, substituted or unsub-
stituted guanine, substituted or unsubstituted thymine, sub-
stituted or unsubstituted uracil, substituted or unsubstituted
N,N-dimethyl guanine, substituted or unsubstituted dihy-
drouracil, substituted or unsubstituted 4-thiouridine and
substituted or unsubstituted inosine. In another exemplary
embodiment, the compound has a structure according to
Formula (VIII):

I
HO L iD

HO  Neepul

R‘D

wherein L is a member selected from substituted or unsub-
stituted purine, substituted or unsubstituted pyrimidine, sub-
stituted or unsubstituted pyridine and substituted or unsub-
stituted imidazole. M, as defined herein earlier, is a member
selected from O, S, and NR2. R*® and R*' are each members
independently selected from H, aralkyl, substituted aralkyl,
(CH,),OH (where s=1 to 3), CO,H, CO,alkyl, C(O)NH,,
C(O)NHalkyl, CON(alkyl),, C(O)R??, OH, alkoxy, aryloxy,
SH, S-alkyl, S-aryl, SO,alkyl, SO,H, SCF;, CN, halogen,
CF,, NO,, (CH,)NR?*R?” (wherein R?® and R?’ are inde-
pendently selected from hydrogen, alkyl, and alkanoyl)(t=0
to 2), SO,NH,, OCH,CH,NH,, OCH,CH,NHalkyl,
OCH,CH,N(alkyl),, oxazolidin-2-yl, alkyl substituted
oxazolidin-2-yl, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
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tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl,

o RY 0
(€]
N\ R“ and I % IIE
RYS 2N A/D

R**, R*, and R* are each members independently selected
from substituted or unsubstituted alkyl, substituted or unsub-
stituted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl and substituted or unsubstituted het-
eroaryl. R** and R**, together with the atoms to which they
are attached, are optionally joined to form a 4 to 7 membered
ring. R*? and R*, together with the atoms to which they are
attached, are optionally joined to form a 4 to 7 membered
ring. R** and R**, together with the atoms to which they are
attached, are optionally joined to form a 4 to 7 membered
ring. A, D, E and G are all defined elsewhere herein. Z is a
member selected from CR*® and N. The combinations of
nitrogens (A+D+E+G+Z) is an integer selected from O to 4.
At least two members selected from R®, R'°, R'!, R'? and
R*¢, together with the atoms to which they are attached, are
optionally joined to form a 4 to 7 membered ring.

In an exemplary embodiment,

is a member selected from:

uyl

NH;

NH NH

(o] (o]
NHy; NHy;

NH

NH
] (0] o
NHy; NHy;

F
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-continued

NH;

2

NH

NH
¢} O=Z
F

M\Ir\l\l\l‘
NH NH
/ N.

(o} o]
O/ ;  and N
>

In another exemplary embodiment, the compound has a
formula according to the following formulae:

1

HO L (VIlis)
: M: l
HO N\Ru and
0 NH
g
RS
(VIIIb)

HO NH
O
Z
-
AL I:/
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In an exemplary embodiment, the compound is a member —continued
selected from: N (D4
NH,
N X\
oY 5 / N;
NH, )
HO N N
(17 :
L o
HO N N HO NH
o}
Y NH,
HO NH
15
0 NH,
20
25 -
)
(D2) NH,
NH,
N X
N X 4 | v
(X w J
) HO N #
Z N
HO N N 0
O
HO NH
HO NH 33
O
NH,;
o NH,
40
F
45
" (D3)
NH; 50
i)

/N \N; HO
(LS at
HO N N | )
\?O# 33 HO N A

o NH, 60
Y NH,

65
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-continued -continued
(D11)
D7
NH, o
N s N NH
i { ]
< l HO N )\
HO N A o N NH,
o
F
10
HO NH
(08) o NH,
15
D12
o (D12)
20
N
NH
<AL
HO N .
N 0 y o
o NH,
HO NH

o
30 NH,
(09)
NI,
XN

N
</ | ’ 35 (D13)
/‘ NI

HO . N N
(]
40 /K
HO NH HO N 0
o
Y NH
7 HO NH
S 45
7 Y NH,

(D10) 50

- (D14)
</r~ | NH; 7
Ho—l?_?‘r - ) 1

HO N N

60

0]
fo} NH, NH
Y NH;
65
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-continued
NH,
N N
N;
<A
HO N 7
o
HO NH
o
NH,
N N
N;
1)
HO N N2
)
HO NH
o)
F
NH,
N x
N;
1)
HO N NZ
o
HO NH
o
O/
NH,
N N
N
1
HO N N
o
HO NH
o
/ \N and
=
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-continued
(D19)

NH,

L

HO N N
(0]
HO NH
o NH,

OH

I. d.) 3'-amino ribofuranoses

In another aspect, the invention provides compounds
useful in the methods which is a 3'-amino ribofuranose. In
an exemplary embodiment, the 1'-position of the ribofura-
nose is substituted with a member selected from substituted
or unsubstituted aryl and substituted or unsubstituted het-
eroaryl. In another exemplary embodiment, the 1'-position
of the ribofuranose is substituted with a member selected
from substituted or unsubstituted purine, substituted or
unsubstituted pyrimidine, substituted or unsubstituted pyri-
dine, and substituted or unsubstituted imidazole. In another
exemplary embodiment, the 1'-position of the ribofuranose
is substituted with a member selected from substituted or
unsubstituted nicotinic acid, substituted or unsubstituted
nicotinamide, substituted or unsubstituted nucleic acid base,
substituted or unsubstituted adenine,

NH,
N x

N

(1

N A
F

substituted or unsubstituted cytosine, substituted or unsub-
stituted guanine, substituted or unsubstituted thymine, sub-
stituted or unsubstituted uracil, substituted or unsubstituted
N,N-dimethyl guanine, substituted or unsubstituted dihy-
drouracil, substituted or unsubstituted 4-thiouridine and
substituted or unsubstituted inosine. In another exemplary
embodiment, the compound has a structure according to
Formula (VIIIc):
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(VIIe)

HO L NH

=
s
2

2 NHy; NHy;
R‘,,b{ OH

R4
10

wherein L is a member selected from substituted or unsub-
stituted purine, substituted or unsubstituted pyrimidine, sub-
stituted or unsubstituted pyridine and substituted or unsub-
stituted imidazole. M, as defined herein earlier, is a member
sclected from O, S, and NR2. R*® and R*' are each members
independently selected from H, aralkyl, substituted aralkyl,
(CH,),OH (where s=1 to 3), CO,H, CO,alkyl, C(O)NH,, l |
C(O)NHalkyl, CON(alkyl),, C(O)R?>, OH, alkoxy, aryloxy, NH s

SH, S-alkyl, S-aryl, SO,alkyl, SO;H, SCF;, CN, halogen, ,, o

CF,, NO,, (CH,) NR?*R?’ (wherein R?® and R?’ are inde- N

pendently selected from hydrogen, alkyl, and alkanoyl)(t=0

to 2), SO,NH,, OCH,CH,NH,, OCH,CH,NHalkyl,
OCH,CH,N(alkyl),, oxazolidin-2-yl, alkyl substituted
oxazolidin-2-yl, substituted or unsubstituted alkyl, substi- 25
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl,
30

N G.
' R™ and | x

NH
35 / W °
‘““‘“r“““ N;
Z\A / N =
0]
R*3, R**, and R* are each members independently selected 40 ?—N}{z

o—m

from substituted or unsubstituted alkyl, substituted or unsub-

stituted heteroalkyl, substituted or unsubstituted cycloalkyl,

substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl and substituted or unsubstituted het-

eroaryl. R** and R**, together with the atoms to which they 45

are attached, are optionally joined to form a 4 to 7 membered

ring. R** and R**, together with the atoms to which they are

attached, are optionaily joined to form a 4 to 7 membered |
ring. R** and R**, together with the atoms to which they are NH

NH
attached, are optionally joined to form a 4 to 7 membered 50 o o
ring. A, D, E and G are all defined elsewhere herein. Z is a
member selected from CR*® and N. The combinations of . .
nitrogens (A+D+E+G+Z) is an integer selected from 0 to 4. ’ ’
At least two members selected from R®, R!°, R'!, R'? and

AN

5S
R*S, together with the atoms to which they are attached, are
optionally joined to form a 4 to 7 membered ring.

In an exemplary embodiment,
60

e 0 0

N
R9” g 0/ .
65

is a member selected from:
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In another exemplary embodiment, the compound has a

formula according to the following formulae:

HO L
M
OH and
N\Ru
O NH
\R“
R45
HO L
M
NH OH
O Z\
I e
A /
\D{,E

(VIIIe)

In an exemplary embodiment, the compound is a member

sclected from:

NH,
N x
N;
S
HO N N7
o

NH OH

(@) NH,
NH,

ED

(E2)

(VIId) 5
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-continued
(E3)
NH;

N N
N;
] y
HO N N7
)

NH OH
o NH,
(E4)
NH,
N N
N
I
HO N N7
o
NH OH
o NH,
(ES)
NH;

NH OH

o NH,
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-continued -continued
- (E6) o (E10)
HO T2
HO N N) HO N N)
o o
10
NH OH NI 01{
15
(ED
(E11)
20
HO </N | NH
F HO N N)\NHZ
o
\IH OH 25
\'H OH
30
(E8)
35 (E12)
\N.
/ ’
N
HO </ I /‘\Q
\ 40 HO N N 0:
o H ’
45
(E9)
50 (E13)
NH,
/
HO N
o} N | Sy
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HO N (o)
NH OH 0
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NH,
N N
N;
<
HO N N7
o
NH OH
o NH;
NH,
N X
N;
]
HO N NG
o
NH OH
0
NH;
N =
N;
<1
HO N N7
o
NH OH
0
F
NH,
N =
N;
]
HO N N
o
NH OH
? /
o

E14)

ELS)

E16)
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-continued
(E18)
NH;
N N
N
<1 )
HO N N
o.
NH OH and
o
[
/
(E19)
NH,
N R
.
<1
HO N NZ
0
NH OH
o NH,
OH

1. e.) Acyclic Boronic Acids and Esters, Part |

Acyclic boronic acids and esters such as those described
in this section can also be utilized in the invention. These
compounds can be used to kill or inhibit the growth of the
microorganisms described herein, as well as treat the dis-
eases described herein. In addition, these compounds can be
used as synthetic intermediates in the generation of the
compounds described herein.

In another aspect, the compound has a structure according
to the following formula:

@)
8
G B
ilsl/ I or?
D
~E

in which R' and R? are members independently selected
from H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsub-
stituted heteroaryl. R! add R?, together with the atoms to
which they are attached, can be optionally joined to form a
4- to 7-membered ring. Z1 is a member selected from
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RS
and CHO

R¥ R

wherein each R>* and R** is a member independently
selected from H, cyano, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted het-
erocycloalkyl, substituted or unsubstituted aryl, and substi-
tuted or unsubstituted heteroaryl R® is a member selected
from halogen and ORS. R is a member selected from H,
cyano, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsub-
stituted heteroaryl. A is a member selected from CR* and N.
D is a member selected from CR'°® and N. E is a member
selected from CR''“ and N. G is a member selected from
CR!22 and N. R, R'%2 R'*% and R!2 are members inde-
pendently selected from H, OR*, NR*R** SR* —S(O)R*,
—S(0),R*, —S(0),NR*R**, —C(O)R*, —C(O)OR®,
—C(O)NR*R**, nitro, halogen, cyano, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. Each R* and
R** is a member independently selected from H, substituted
or unsubstituted alkyl, substituted or unsubstituted het-
eroalkyl, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubsti-
tuted aryl, and substituted or unsubstituted heteroaryl. R**
and R!%?, along with the atoms to which they are attached,
are optionally joined to form a ring. R'°* and R''%, along
with the atoms to which they are attached, arc optionally
joined to form a ring. R''“ and R'**, along with the atoms
to which they are attached, are optionally joined to form a
ring. The combination of nitrogens (A+D+E+G) is an inte-
ger selected from O to 3.

In an exemplary embodiment, there is a proviso that the
compound is not a member selected from:

H
H;CO : CHO
H;CO.
ﬁ H
and

OH

B
@E\
OH
CHO
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In an exemplary embodiment, the compound has a struc-
ture according to Formula [Xa

(IXa)
RIZa cl)Rl
RUe B
Sor?,
Ri% Z1
R

In another exemplary embodiment, each R>* and R** is a
member independently selected from H, cyano, substituted
or unsubstituted methyl, substituted or unsubstituted cthyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethyl, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indoly! and substituted or unsubstituted
amido. In another exemplary embodiment, each R>** and R**
is a member independently selected from cyano, substituted
or unsubstituted methyl, substituted or unsubstituted ethyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethyl, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl, substituted or unsubstituted amido.

In another exemplary embodiment, each R** and R** is a
member selected from H, substituted or unsubstituted
methyl, substituted or unsubstituted ethyl, substituted or
unsubstituted propyl, substituted or unsubstituted isopropyl,
substituted or unsubstituted butyl, substituted or unsubsti-
tuted t-butyl, substituted or unsubstituted phenyl and sub-
stituted or unsubstituted benzyl. In another exemplary
embodiment, R3? and R*? is a member selected from methyl,
ethyl, propyl, isopropyl, butyl, t-butyl, phenyl and benzyl. In
another exemplary embodiment, R** is H and R*® is a
member selected from methyl, ethyl, propyl, isopropyl,
butyl, t-butyl, phenyl and benzyl. In another exemplary
embodiment, R*>* is H and R** H

In another exemplary embodiment, Z1 is CHO. In another
exemplary embodiment, Z1 is

RS
R}a R4

wherein R® is a member selected from OH, substituted or
unsubstituted methoxy, substituted or unsubstituted ethoxy,
substituted or unsubstituted methoxymethoxy, substituted or
unsubstituted ethoxyethoxy, substituted or unsubstituted tri-
alkylsialyl, and substituted or unsubstituted tetrahydro-2H-
pyran-2yloxy. In another exemplary embodiment, R® is
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substituted or unsubstituted trialkylsialyl, wherein said tri-
alkylsialy! is a member selected from substituted or unsub-
stituted trimethylsilyl, substituted or unsubstituted tert-bu-
tyldimethylsilyl, and substituted or unsubstituted
tributylsilyl. In another exemplary embodiment, R® is sub-
stituted or unsubstituted methoxy, substituted or unsubsti-
tuted ethoxy, substituted or unsubstituted methoxymethoxy,
substituted or unsubstituted ethoxyecthoxy, and substituted or
unsubstituted tetrahydro-2H-pyran-2yloxy. In another
exemplary embodiment, R® is a member selected from
methoxy, ethoxy, methoxymethoxy, ethoxyethoxy and tet-
rahydro-2H-pyran-2yloxy. In another exemplary embodi-
ment, Z1 is

OH.
R R4

In an exemplary embodiment, R%%, R'%?, R!'* and R'** is
a member independently selected from H, OR*, NR*R**,
SR*, —S(O)R*, —S(0),R*, —S(O),NR*R**, —C(O)R*,
—C(O)OR*, —C(O)NR*R**, halogen, cyano, nitro, sub-
stituted or unsubstituted methoxy, substituted or unsubsti-
tuted methyl, substituted or unsubstituted ethoxy, substituted
or unsubstituted ethyl, trifluoromethyl, substituted or unsub-
stituted hydroxymethyl, substituted or unsubstituted
hydroxyalkyl, substituted or unsubstituted benzyl, substi-
tuted or unsubstituted phenyl, substituted or unsubstituted
phenyloxy, substituted or unsubstituted phenyl methoxy,
substituted or unsubstituted thiophenyloxy, substituted or
unsubstituted pyridinyloxy, substituted or unsubstituted
pyrimidinyloxy, substituted or unsubstituted benzylfuran,
substituted or unsubstituted methylthio, substituted or
unsubstituted mercaptomethyl, substituted or unsubstituted
mercaptoalkyl, substituted or unsubstituted phenylthio, sub-
stituted or unsubstituted thiophenylthio, substituted or
unsubstituted phenyl methylthio, substituted or unsubsti-
tuted pyridinylthio, substituted or unsubstituted pyrimidi-
nylthio, substituted or unsubstituted benzylthiofuranyl, sub-
stituted or unsubstituted phenylsulfonyl, substituted or
unsubstituted benzylsulfonyl, substituted or unsubstituted
phenylmethylsulfonyl, substituted or unsubstituted thiophe-
nylsulfonyl, substituted or unsubstituted pyridinylsulfonyl,
substituted or unsubstituted pyrimidinylsulfonyl, substituted
or unsubstituted sulfonamidyl, substituted or unsubstituted
phenylsulfinyl, substituted or unsubstituted benzylsulfinyl,
substituted or unsubstituted phenylmethylsulfinyl, substi-
tuted or unsubstituted thiophenylsulfinyl, substituted or
unsubstituted pyridinylsulfinyl, substituted or unsubstituted
pyrimidinylsulfinyl, substituted or unsubstituted amino, sub-
stituted or unsubstituted alkylamino, substituted or unsub-
stituted dialkylamino, substituted or unsubstituted trifluo-
romethylamino, substituted or unsubstituted aminomethyl,
substituted or unsubstituted alkylaminomethyl, substituted
or unsubstituted dialkylaminomethyl, substituted or unsub-
stituted arylaminomethyl, substituted or unsubstituted ben-
zylamino, substituted or unsubstituted phenylamino, substi-
tuted or unsubstituted thiophenylamino, substituted or
unsubstituted pyridinylamino, substituted or unsubstituted
pyrimidinylamino, substituted or unsubstituted indolyl, sub-
stituted or unsubstituted morpholino, substituted or unsub-
stituted alkylamido, substituted or unsubstituted arylamido,
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substituted or unsubstituted ureido, substituted or unsubsti-
tuted carbamoyl, and substituted or unsubstituted piperiz-
inyl. In an exemplary embodiment, R%?, R!%%, R*!% and R!2¢
are selected from the previous list of substituents with the
exception of —C(O)R*, —C(O)OR®*, —C(O)NR*R**.

In another exemplary embodiment, R%%, R!%%, R!!* and
R'*® are members independently selected from fluoro,
chloro, bromo, nitro, cyano, amino, methyl, hydroxylm-
ethyl, triffuoromethyl, methoxy, trifluoromethyoxy, ethyl,
diethylcarbamoyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
pyrimidinyl, pipenizino, piperizinyl, piperizinocarbonyl,
piperizinylcarbonyl, carboxyl, 1-tetrazolyl, 1-ethoxycarbo-
nylmethoxy, carboxymethoxy, thiophenyl, 3-(butylcarbo-
nyl) phenylmethoxy, 1H-tetrazol-5-yl, 1-ethoxycarbonylm-
ethyloxy-, 1-ethoxycarbonylmethyl-, 1-ethoxycarbonyl-,
carboxymethoxy-, thiophen-2-yl, thiophen-2-ylthio-, thio-
phen-3-yl, thiophen-3-ylthio, 4-fluorophenylthio, butylcar-
bonylphenylmethoxy, butylcarbonylphenylmethyl, butylcar-
bonylmethyl, 1-(piperidin-1-yl)carbonyl)methyt,
1-(piperidin-1-yl)carbonyl)methoxy, 1-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-yl)piperazin- 1-yl)carbonyl)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-

yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbony!l)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,

1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino, 5-methoxy-3-
(phenyithio)-1H-indol-1-yl, 5-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  5-chloro-1H-indol-1-yl,
S-chloro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, S-chloro-3-(phenylthio)-1H-indol-1-
yl)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-

nyl, 4-(1H-tetrazol-5-yl)phenylthio,  2-cyanophenoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3-chlorophenoxy,  4-chlorophenoxy,  2-fluorophenoxy,

3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, 4-fluorobenzyloxy, unsubstituted phe-
nyl, unsubstituted benzyl. In an exemplary embodiment, R**
is H and R'?? is H. In an exemplary embodiment, the
compound has a subsitutent combination for R%?, R!%2, R!14,
and R'2“ which is a member selected from those described
in Formulae (1), (a) (Ib), (Ic), (1d), (Ie), (If), (1g), (Ah), (1i),
(dj), k), (1), (Im), (In), (Io), (Ip), (Iq), (Ir), (Is), (It), (u),
(Iv), (Iw), (1), (laa), (Iab), (lac), (Iad), (Tae), (laf), (lag),
(1ah), (1ai), (1aj), (lak), above, and/or the subsequent para-
graphs describing Formulae (1), (Ia) (Ib), (Ic), (1d), (I¢), (If),
(g), (Ih), (1), (j), (Ik), (A1), Im), (In), (Io), (Ip), (Iq), (Ir),
(s), (1), (lw), (Iv), (Iw), (12), (aa), (Iab), (Tac), (Iad), (1ae),
(1af), (lag), (1ah), (Iai), (Iaj), (Iak).

In an excmplary embodiment, the compound is an acyclic
boronic acid or ester in which a portion of the acyclic
boronic acid or ester as in Figure (IXb) below
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(IXb)
12

Rlla

RO R% R¥*

is a member selected from a structure in FIG. 12. In another
exemplary embodiment, the compound is a dimer, anhydride
or trimer of an acyclic boronic acid or ester described herein.
In another exemplary embodiment, the compound is a dimer,
anhydride or trimer of an acyclic boronic acid or ester in
which a portion of the acyclic boronic acid or ester as in
Figure (IXb) is a member selected a structure in FIG. 12.

In an exemplary embodiment, R' and R? are each mem-
bers independently selected from H, substituted or unsub-
stituted methyl, substituted or unsubstituted ethyl, substi-
tuted or unsubstituted propyl, substituted or unsubstituted
isopropyl, substituted or unsubstituted butyl, substituted or
unsubstituted t-butyl, substituted or unsubstituted phenyl
and substituted or unsubstituted benzyl. R" and R?, together
with the atoms to which they are joined, can optionally form
a member selected from substituted or unsubstituted dioxa-
borolane, substituted or unsubstituted dioxaborinane, sub-
stituted or unsubstituted dioxaborepane.

In an exemplary embodiment, R' and R? are each mem-
bers independently selected from H. methyl, ethyl, propyl,
isopropyl, butyl, t-butyl, pheny! and benzyl. In an exemplary
embodiment, R’ and R? are each members independently
selected from H, methyl, isopropyl, and phenyl. In an
exemplary embodiment, R' and R? are methyl. In an exem-
plary embodiment, R! and R? are isopropyl. In an exemplary
embodiment, R' and R? are H.

In another exemplary embodiment, R' and R? together
with the atoms to which they are joined, form a member
selected from substituted or unsubstituted dioxaborolane,
substituted or unsubstituted dioxaborinane, substituted or
unsubstituted dioxaborepane. In another exemplary embodi-
ment, R' and R?, together with the atoms to which they are
joined, form a member selected from dioxaborolane, sub-
stituted or unsubstituted tetramethyldioxaborolane, substi-
tuted or unsubstituted phenyldioxaborolane, dioxaborinane,
dimethyldioxaborinane and dioxaborepane.

In an exemplary embodiment, the compound is a member
selected from
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In an exemplary embodiment, the compound is a member
selected from:
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In an exemplary embodiment, the compound is a member
selected from
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In another exemplary embodiment, the compounds and
embodiments described herein can form a hydrate with
water, a solvate with an alcohol (e.g. methanol, ethanol,
propanol); an adduct with an amino compound (e.g. ammo-
nia, methylamine, ethylamine); an adduct with an acid (e.g.
formic acid, acetic acid); complexes with ethanolamine,
quinoline, amino acids, and the like.

In an exemplary embodiment, acyclic boronic esters
described herein can be used as intermediates in the syn-
thesis of the compounds described herein. In another exem-
plary embodiment, the acyclic boronic esters described
herein can be used as intermediates in the synthesis of a
compound which is a member selected from Formulae (1),

(Ia) (Ib), (Ic), (1d), (e}, (1f), (g), (Ih), (), (1)), k), (ID),
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(1Im), (In), (fo), (Ip), (1), (Ir), (Is), (1), (Tw), (Iv), (Iw), (12),
823];), (1ab), (1ac), (lad), (Tae), (Iaf), (Iag), (1ah), (Tai), (Iaj),
).

1. £) Acyclic Boronic Acids and Esters, Part 11

Acyclic boronic acids and esters described herein can also
be utilized in the invention. These compounds can be used
to kill or inhibit the growth of the microorganisms described
herein, as well as treat the diseases described herein. In
addition, these compounds can be used as synthetic inter-
mediates in the generation of other compounds described
herein. In an exemplary embodiment, these other com-
pounds are the cyclic boronic esters and cyclic borinic esters
described herein.

In another aspect, the compound has a structure according
to the following formula:

G X )
li:l/ A ORI
D\A = 0O—B
OR?
R R%

in which R' and R? are members independently selected
from H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsub-
stituted heteroaryl. R! and R?, together with the atoms to
which they are attached, can be optionally joined to form a
4- to 7-membered ring. X is a member selected from
substituted or unsubstituted triflate, halogen, substituted or
unsubstituted sulfonic esters and substituted or unsubstituted
acyloxy groups, and substituted or unsubstituted diazo. R*?
and R*® are members independently selected from H, cyano,
substituted or unsubstituted alkyl, substituted or unsubsti-
tuted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. A is a member selected from CR** and N. D is a
member selected from CR'?* and N. E is a member selected
from CR''? and N. G is a member selected from CR'?? and
N. R®%, R!%%, R!!® and R'?? are members independently
selected from H, OR*, NR*R**, SR*, —S(O)R*, —S(0),
R*, —S(O),NR*R**, —C(O)R®, —C(OYOR®*, —C(0O)
NR*R**, nitro, halogen, cyano, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted het-
erocycloalkyl, substituted or unsubstituted aryl, and substi-
tuted or unsubstituted heteroaryl. Each R* and R** is a
member independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. R°* and R'°%,
along with the atoms to which they are attached, are option-
ally joined to form a ring. R'** and R''%, along with the
atoms to which they are attached, are optionally joined to
form a ring. R*'“ and R'?“, along with the atoms to which
they are attached, arc optionally joined to form a ring. The
combination of nitrogens (A+D+E+G) is an integer selected
from 0 to 3.
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In an exemplary embodiment, this aspect has the proviso
that the compound is not:

OR!
0—B8
OR2

In an exemplary embodiment, the compound has a struc-
ture according to Formula (Xa)

RMe X

R!
})
0— B\
OR2.
R‘)a R‘a Rk

In another exemplary embodiment, each R* and R** is a
member independently selected from H, cyano, substituted
or unsubstituted methyl, substituted or unsubstituted ethyl,
trifluoromethy}, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethyl, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl and substituted or unsubstituted
amido. In another exemplary embodiment, each R?>® and R**
is a member independently selected from cyano, substituted
or unsubstituted methyl, substituted or unsubstituted cthyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethyl, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl, substituted or unsubstituted amido.

In another exemplary embodiment, each R** and R% is a
member selected from H, substituted or unsubstituted
methyl, substituted or unsubstituted ethyl, substituted or
unsubstituted propyl, substituted or unsubstituted isopropyl,
substituted or unsubstituted butyl, substituted or unsubsti-
tuted t-butyl, substituted or unsubstituted phenyl and sub-
stituted or unsubstituted benzyl. In another exemplary
embodiment, R?>? and R** is a member selected from methyl,
ethyl, propyl, isopropyl, butyl, t-butyl, phenyl and benzyl. In
another exemplary embodiment, R** is H and R** is a
member selected from methyl, ethyl, propyl, isopropyl,
butyl, t-butyl, phenyl and benzyl. In another exemplary
embodiment, R>* is H and R** H.

In another exemplary embodiment, R®, R'%, R'!* and
R'?% is a member selected from H, OR*, NR*R**, SR*,
—S(O)R*, —S(O),R*, —S(O),NR*R**, —C(O)R*,
—C(O)OR*, —C(O)NR*R**, halogen, cyano, nitro, sub-
stituted or unsubstituted methoxy, substituted or unsubsti-
tuted methyl, substituted or unsubstituted ethoxy, substituted
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or unsubstituted ethyl, trifluoromethyl, substituted or unsub-
stituted hydroxymethyl, substituted or unsubstituted
hydroxyalkyl, substituted or unsubstituted benzyl, substi-
tuted or unsubstituted phenyl, substituted or unsubstituted
phenyloxy, substituted or unsubstituted phenyl methoxy,
substituted or unsubstituted thiophenyloxy, substituted or
unsubstituted pyridinyloxy, substituted or unsubstituted
pyrimidinyloxy, substituted or unsubstituted benzylfuran,
substituted or unsubstituted methylthio, substituted or
unsubstituted mercaptomethyl, substituted or unsubstituted
mercaptoalkyl, substituted or unsubstituted phenylthio, sub-
stituted or unsubstituted thiophenylthio, substituted or
unsubstituted phenyl methylthio, substituted or unsubsti-
tuted pyridinylthio, substituted or unsubstituted pyrimidi-
nylthio, substituted or unsubstituted benzylthiofuranyl, sub-
stituted or unsubstituted phenylsulfonyl, substituted or
unsubstituted benzylsulfonyl, substituted or unsubstituted
phenylmethylsuifonyl, substituted or unsubstituted thiophe-
nylsulfony), substituted or unsubstituted pyridinylsulfonyl,
substituted or unsubstituted pyrimidinylsulfonyl, substituted
or unsubstituted sulfonamidyl, substituted or unsubstituted
phenylsulfinyl, substituted or unsubstituted benzylsuifinyl,
substituted or unsubstituted phenylmethylsulfinyl, substi-
tuted or unsubstituted thiophenylsulfinyl, substituted or
unsubstituted pyridinylsulfinyl, substituted or unsubstituted
pyrimidinylsulfinyl, substituted or unsubstituted amino, sub-
stituted or unsubstituted alkylamino, substituted or unsub-
stituted dialkylamino, substituted or unsubstituted trifluo-
romethylamino, substituted or unsubstituted aminomethy},
substituted or unsubstituted alkylaminomethyl, substituted
or unsubstituted dialkylaminomethyl, substituted or unsub-
stituted arylaminomethyl, substituted or unsubstituted ben-
Zylamino, substituted or unsubstituted phenylamino, substi-
tuted or unsubstituted thiophenylamino, substituted or
unsubstituted pyridinylamino, substituted or unsubstituted
pyrimidinylamino, substituted or unsubstituted indolyl, sub-
stituted or unsubstituted morpholino, substituted or unsub-
stituted alkylamido, substituted or unsubstituted arylamido,
substituted or unsubstituted ureido, substituted or unsubsti-
tuted carbamoyl, and substituted or unsubstituted piperiz-
inyl. In an exemplary embodiment, R®*, R'°*, R!!“ and R'*~
are selected from the previous list of substituents with the
exception of —C(O)R*, —C(O)OR*, —C(O)NR*R**.

In another exemplary embodiment, R%%, R!%, R!!® and
R*'?% are members independently selected from fluoro,
chloro, bromo, nitro, cyano, amino, methyl, hydroxylm-
ethyl, trifluoromethyl, methoxy, trifluoromethyoxy, ethyl,
diethylcarbamoyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
pyrimidinyl, piperizino, piperizinyl, piperizinocarbonyl,
piperizinylcarbony!, carboxyl, 1-tetrazolyl, 1-ethoxycarbo-
nylmethoxy, carboxymethoxy, thiophenyl, 3-(butylcarbo-
nyl) phenylmethoxy, 1H-tetrazol-S-yl, 1-ethoxycarbonylm-
ethyloxy-, 1-ethoxycarbonylmethyl-, 1-ethoxycarbonyl-,
carboxymethoxy-, thiophen-2-yl, thiophen-2-ylthio-, thio-
phen-3-yl, thiophen-3-ylthio, 4-fluorophenylthio, butylcar-
bonylphenylmethoxy, butylcarbonylphenylmethyl, butylcar-
bonylmethyl, 1-(piperidin-1-yl)carbonyl)methyl,
1-(piperidin-1-yl)carbonyl)methoxy, 1-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbony!)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-
yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl), 1-(4-(pyridin-2-ypiperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
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bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-y},  benzylamino,  S5-methoxy-3-
(phenylthio)-1H-indol-1-yl, S-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-y1)),  S-chloro-1H-indol-1-yl,
S-chloro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, S-chloro-3-(phenyithio)-1H-indol-1-
y1)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-

nyl, 4-(1H-tetrazol-5-yl)phenyithio, 2-cyanophenoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3-chlorophenoxy,  4-chiorophenoxy,  2-fluorophenoxy,

3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3<yanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, 4-fluorobenzyloxy, unsubstituted phe-
nyl, unsubstituted benzyl. In an exemplary embodiment, R**
is H and R!2? is H. In an exemplary embodiment, the
compound has a subsitutent combination for R%, R'?¢, R!2,
and R'?* which is a member selected from those described
in Formulae (1), (Ia) (Ib), (Ic), (1d), (Ie), (If), (g), (h), (i),
(1), (Ik), (), dm), (n), (o), (Ip), (Iq), (Ir), {s), (1t), (),
(Iv), (Iw), (I2), (laa), (Iab), (lac), (lad), (tae), (laf), (lag),
(Iah), (Iai), (aj), (Iak), above, and/or the subsequent para-
graphs describing Formulae (1), (Ia) (Ib), (Ic), (1d), (Te), (If),
(Ig), (), (1i), (1j), (), (A1), (Im), (In), (o), (Ip). (1g), (Ir),
(Is), (1t), (), (Iv), (Iw), (12), (1aa), (1ab), (lac), (lad), (Tae),
(Iaf), (lag), (Iah), (ai), (Iaj), (lak).

In an exemplary embodiment, the compound is an acyclic
boronic acid or ester in which a portion of the acyclic
boronic acid or ester is as in Figure (IXb) below

(IXb)
122

Rlla

R% R% R3e

is a member selected from a structure in FIG. 12. In another
exemplary embodiment, the compound is a dimer, anhydride
or trimer of an acyclic boronic acid or ester described herein.
In another exemplary embodiment, the compound is a dimer,
anhydride or trimer of an acyclic boronic acid or ester in
which a portion of the acyclic boronic acid or ester as in
Figure (IXb) is a member selected a structure in FIG. 12.

In an exemplary embodiment, R! and R? are each mem-
bers independently selected from H, substituted or unsub-
stituted methyl, substituted or unsubstituted ethyl, substi-
tuted or unsubstituted propyl, substituted or unsubstituted
isopropyl, substituted or unsubstituted butyl, substituted or
unsubstituted t-butyl, substituted or unsubstituted phenyl
and substituted or unsubstituted benzyl. R' and R?, together
with the atoms to which they are joined, can optionally form
a member selected from substituted or uasubstituted dioxa-
borolane, substituted or unsubstituted dioxaborinane, sub-
stituted or unsubstituted dioxaborepane.

In an exemplary embodiment, X is a member selected
from triflate, chloro, bromo, iodo, substituted or unsubsti-
tuted sulfonic esters, substituted or unsubstituted acyloxy
groups, and substituted or unsubstituted diazo. In an cxem-
plary embodiment, X is a sulfonic ester group, which is a
member selected from substituted or unsubstituted mesylate,
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substituted or unsubstituted tosylate, substituted or unsub-
stituted brosylate and substituted or unsubstituted nosylate.
In an exemplary embodiment, X is an acyloxy group, which
is a member selected from substituted or unsubstituted
acetoxy and substituted or unsubstituted triffuoroacetoxy. In
another excmplary ecmbodiment, X is a member selected
from bromo, iodo, mesylate and diazo. In another exemplary
embodiment, X is a member selected from bromo and iodo.

In another exemplary embodiment, R! and R?, together
with the atoms to which they are joined, form a member
selected from dioxaborolane, substituted or unsubstituted
tetramethyldioxaborolane, substituted or unsubstituted phe-
nyldioxaborolane, dioxaborinane, dimethyldioxaborinane
and dioxaborepane.

In another exemplary embodiment, R** and R* are each
members independently selected from H, methyl, ethyl,
propyl, butyl, phenyl, benzyl, cyano, halogen and nitro.

In an exemplary embodiment, the compound is a member
selected from

(Xc)
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In an exemplary embodiment, the compound is a member
selected from
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In an exemplary embodiment, acyclic boronic esters
described herein can be used as intermediates in the syn-
thesis of the compounds described herein. In another exem-
plary embodiment, the acyclic boronic esters described
herein can be used as intermediates in the synthesis of a
compound which is a member selected from Formulae (I),
(Ia) (Ib), (Ic), (1d), (Ie), (ID), (Ig), (Ih), (i), (1j), (k), (1),
(Im), (In), (Io), (Ip), (), (Ir), (Is), (I}, (Tu), (Iv), (Iw), (Iz),
83;, (Iab), (Tac), (ad), (lae), (Iaf), (Iag), (Iah), (Iai), (Iaj),

NC

I. e.) Additional Compounds

Compounds such as those described herein can also be
utilized in the invention. The compounds of the invention
can form between the 2',3' diol of the ribose ring of a nucleic
acid, nucleoside or nucleotide, and a cyclic or acyclic
boronic ester such as those described herein. These com-
pounds can be used in @ human or in an animal to kill or
inhibit the growth of the microorganisms described herein,
as well as to treat the diseases described herein. These
compounds can be formed in vitro as well as in vivo.
Methods of making these compounds are provided in the
Examples section.

In another aspect, the invention provides a compound
having a structure according to the following formula:
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(XIn

wherein B is boron. L is a member selected from OR’,
substituted or unsubstituted purine, substituted or unsubsti-
tuted pyrimidine, substituted or unsubstituted pyridine and
substituted or unsubstituted imidazole. R’ is a member
selected from H, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted aryl and sub-
stituted or unsubstituted heteroaryl. A is a member selected
from OH, substituted or unsubstituted monophosphate, sub-
stituted or unsubstituted diphosphate, substituted or unsub-
stituted triphosphate,

(o]

” ; and
Al—O—lI’—O

o

0 0
o
i I I

|
AI—O—}"—O-cytjdine-O—ﬁ—O-cytjdmeO—ﬁ—O
" o o ‘:}"‘ﬁ

Al is a nucleic acid sequence which comprises between 1
and 100 nucleotides. Q is a member selected from substi-
tuted or unsubstituted heterocycloalky! and substituted or
unsubstituted heteroaryl. Q comprises said boron and at least
one oxygen.

In an exemplary embodiment, the aspect has the proviso
that the compound cannot comprise a member selected from
C1-C40.

In an exemplary embodiment, the aspect has a proviso
that the compound cannot comprise a member which is
described in FIG. 11. In an exemplary embodiment, the
aspect has a proviso that the compound cannot involve a
compound which is described in expired U.S. Pat. No.
5,880,188.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula (X1Ila):

(Xils)

wherein M is a member selected from O and S. J is a member
sclected from (CR**R*?),, and CR**. R**, R**, and R>? arc
members independently selected from H, halogen, cyano,
substituted or unsubstituted alkyl, substituted or unsubsti-
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tuted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. nl is an integer selected from 0 to 2. W is a member
selected from C=0 (carbonyl), (CR**R®),, and CR®?. R%,
R, and R® arc members independently selected from H,
halogen, cyano, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. The index m1 is an integer selected
from 0 and 1. A is a member selected from CR® and N. D
is a member selected from CR'°* and N. E is a member
selected from CR!'? and N. G is a member selected from
CR'?* and N. R®?, R'°? R''? and R'** are members inde-
pendently selected from H, OR*, NR*R**, SR*, —S(O)R*,
—S(O),R*, —5(0),NR*R**, —C(O)R*, —C(OYOR*,
—C(O)NR*R**, nitro, halogen, cyano, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. Each R* and
R** are members independently selected from H, nitro,
halogen, cyano, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. The combination of nitrogens
(A+D+E+G) is an integer selected from O to 3. A member
selected from R3%, R*® and R5“ and a member selected from
R®?, R’ and R®, together with the atoms to which they are
attached, are optionally joined to form a 4 to 7 membered
ring. R3* and R*?, together with the atoms to which they are
attached, are optionally joined to form a 4 to 7 membered
ring. R% and R7%, together with the atoms to which they are
attached, are optionally joined to form a 4 to 7 membered
ring. R®@ and R'°%, together with the atoms to which they are
attached, are optionally joined to form a 4 to 7 membered
ring. R'%* and R'!?, together with the atoms to which they
are attached, are ogalionally joined to form a 4 to 7 membered
ring. R'* and R'**, together with the atoms to which they
are attached, are optionally joined to form a 4 to 7 membered
ring.

In another exemplary embodiment, each R** and R** is a
member independently selected from H, cyano, substituted
or unsubstituted methyl, substituted or unsubstituted cthyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethyl, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl and substituted or unsubstituted
amido. In another exemplary embodiment, each R* and R**
is a member independently selected from cyano, substituted
or unsubstituted methyl, substituted or unsubstituted ethyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethy!, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl, substituted or unsubstituted amido.
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In another exemplary embodiment, each R** and R** is a
member selected from H, substituted or unsubstituted
methyl, substituted or unsubstituted ethyl, substituted or
unsubstituted propyl, substituted or unsubstituted isopropyl,
substituted or unsubstituted butyl, substituted or unsubsti-
tuted t-butyl, substituted or unsubstituted pheny! and sub-
stituted or unsubstituted benzyl. In another exemplary
embodiment, R?>? and R** is a member selected from methyl,
ethyl, propyl, isopropyl, butyl, t-butyl, phenyl and benzyl. In
another exemplary embodiment, R*>* is H and R** is a
member selected from methyl, ethyl, propyl, isopropyl,
butyl, t-butyl, phenyl and benzyl. In another exemplary
embodiment, R*>? is H and R** H.

In another exemplary embodiment, each R%*, R!%2, R!!2
and R'2% is a member independently selected from H, OR®,
NR*R**, SR* —S§(O)R*, —S(O),R*, —S(O),NR*R**,
—C(O)R*, —C(O)OR*, —C(O)NR*R**, halogen, cyano,
nitro, substituted or unsubstituted methoxy, substituted or
unsubstituted methyl, substituted or unsubstituted ethoxy,
substituted or unsubstituted ethyl, trifluoromethyl, substi-
tuted or unsubstituted hydroxymethyl, substituted or unsub-
stituted hydroxyalkyl, substituted or unsubstituted benzyl,
substituted or unsubstituted phenyl, substituted or unsubsti-
tuted phenyloxy, substituted or unsubstituted phenyl
methoxy, substituted or unsubstituted thiophenyloxy, sub-
stituted or unsubstituted pyridinyloxy, substituted or unsub-
stituted pyrimidinyloxy, substituted or unsubstituted benzyl-
furan, substituted or unsubstituted methylthio, substituted or
unsubstituted mercaptomethyl, substituted or unsubstituted
mercaptoalkyl, substituted or unsubstituted phenylthio, sub-
stituted or unsubstituted thiophenylthio, substituted or
unsubstituted phenyl methylthio, substituted or unsubsti-
tuted pyridinylthio, substituted or unsubstituted pyrimidi-
nylthio, substituted or unsubstituted benzylthiofuranyl, sub-
stituted or unsubstituted phenylsulfonyl, substituted or
unsubstituted benzylsulfonyl, substituted or unsubstituted
phenylmethylsulfonyl, substituted or unsubstituted thiophe-
nylsuifonyl, substituted or unsubstituted pyridinylsulfonyl,
substituted or unsubstituted pyrimidinylsulfonyl, substituted
or unsubstituted suifonamidyl, substituted or unsubstituted
phenylsulfinyl, substituted or unsubstituted benzylsulfinyl,
substituted or unsubstituted phenylmethylsulfinyl, substi-
tuted or unsubstituted thiophenylsulfinyl, substituted or
unsubstituted pyridinylsulfinyl, substituted or unsubstituted
pyrimidinylsulfinyl, substituted or unsubstituted amino, sub-
stituted or unsubstituted alkylamino, substituted or unsub-
stituted dialkylamino, substituted or unsubstituted trifluo-
romethylamino, substituted or unsubstituted aminomethyl,
substituted or unsubstituted alkylaminomethyl, substituted
or unsubstituted dialkylaminomethyl, substituted or unsub-
stituted arylaminomethyl, substituted or unsubstituted ben-
zylamino, substituted or unsubstituted phenylamino, substi-
tuted or unsubstituted thiophenylamino, substituted or
unsubstituted pyridinylamino, substituted or unsubstituted
pyrimidinylamino, substituted or unsubstituted indolyl, sub-
stituted or unsubstituted morpholino, substituted or unsub-
stituted alkylamido, substituted or unsubstituted arylamido,
substituted or unsubstituted ureido, substituted or unsubsti-
tuted carbamoyl, and substituted or unsubstituted piperiz-
inyl. In an exemplary embodiment, R4, R!%, R!!% and R!2*
are selected from the previous list of substituents with the
exception of —C(O)R*, —C(O)OR*, —C(O)NR*R**.

In another exemplary embodiment, R®, R!%?, R!!# and
R'** are members independently selected from fluoro,
chioro, bromo, nitro, cyano, amino, methyl, hydroxylm-
ethyl, trifluoromethyl, methoxy, trifluoromethyoxy, ethyl,
diethylcarbamoyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
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pyrimidinyl, piperizino, piperizinyl, piperizinocarbonyl,
piperizinylcarbonyl, carboxyl, 1-tetrazolyl, 1-ethoxycarbo-
nylmethoxy, carboxymethoxy, thiophenyl, 3-(butylcarbo-
nyl) phenylmethoxy, 1H-tetrazol-5-yl, 1-ethoxycarbonylm-
ethyloxy-, 1-ethoxycarbonylmethyl-, 1-ethoxycarbonyl-,
carboxymethoxy-, thiophen-2-yl, thiophen-2-ylthio-, thio-
phen-3-yl, thiophen-3-yithio, 4-fluorophenylthio, butylcar-
bonylphenylmethoxy, butylcarbonylphenylmethyl, butylcar-
bonylmethyl, 1-(piperidin-1-yl)carbonyl)methyl,
1-(piperidin-1-yl)carbonyl)methoxy, !-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-yl)piperazn- 1-yl)carbonyl)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-
yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbony!, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenyithio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino, 5-methoxy-3-
(phenylthio)-1H-indol-1-yl, 5-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  S-chloro-1H-indol-1-yl,
5-chloro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, S-chloro-3-(phenylthio)-1H-indol-1-
yl)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-

nyl, 4-(1H-tetrazol-5-yl)phenylthio,  2-cyanophenoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3-chlorophenoxy,  4-chlorophenoxy, 2-fluorophenoxy,

3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, 4-fluorobenzyloxy, unsubstituted phe-
ny), unsubstituted benzyl.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

In another exemplary embodiment, R%%, R*%2, R!!2 and R!2¢
are members independently selected from H, halogen,
cyano, nitro, substituted or unsubstituted methoxy, substi-
tuted or unsubstituted methyl, substituted or unsubstituted
ethoxy, substituted or unsubstituted ethyl, triffuoromethyl,
substituted or unsubstituted hydroxymethyl, substituted or
unsubstituted hydroxyalkyl, substituted or unsubstituted
benzyl, substituted or unsubstituted phenyl, substituted or
unsubstituted phenyloxy, substituted or unsubstituted phenyl
methoxy, substituted or unsubstituted thiophenyloxy, sub-
stituted or unsubstituted pyridinyloxy, substituted or unsub-
stituted pyrimidinyloxy, substituted or unsubstituted benzyl-
furan, substituted or unsubstituted methylthio, substituted or
unsubstituted mercaptomethyl, substituted or unsubstituted
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mercaptoalkyl, substituted or unsubstituted phenylthio, sub-
stituted or unsubstituted thiophenylthio, substituted or
unsubstituted phenyl methylthio, substituted or unsubsti-
tuted pyridinylthio, substituted or unsubstituted pyrimidi-
nylthio, substituted or unsubstituted benzylthiofuranyl, sub-
stituted or unsubstituted phenylsulfonyl, substituted or
unsubstituted benzylsulfonyl, substituted or unsubstituted
phenylmethylsulfonyl, substituted or unsubstituted thiophe-
nylsulfonyl, substituted or unsubstituted pyridinylsulfonyl,
substituted or unsubstituted pyrimidinylsulfonyl, substituted
or unsubstituted sulfonamidy], substituted or unsubstituted
phenylsulfinyl, substituted or unsubstituted benzylsulfinyl,
substituted or unsubstituted phenylmethylsulfinyl, substi-
tuted or unsubstituted thiophenylsulfinyl, substituted or
unsubstituted pyridinylsulfinyl, substituted or unsubstituted
pyrimidinylsulfinyl, substituted or unsubstituted amino, sub-
stituted or unsubstituted alkylamino, substituted or unsub-
stituted dialkylamino, substituted or unsubstituted trifluo-
romethylamino, substituted or unsubstituted aminomethyl,
substituted or unsubstituted alkylaminomethyl, substituted
or unsubstituted dialkylaminomethyl, substituted or unsub-
stituted arylaminomethyl, substituted or unsubstituted ben-
Zylamino, substituted or unsubstituted phenylamino, substi-
tuted or unsubstituted thiophenylamino, substituted or
unsubstituted pyridinylamino, substituted or unsubstituted
pyrimidinylamino, substituted or unsubstituted indolyl, sub-
stituted or unsubstituted morpholino, substituted or unsub-
stituted alkylamido, substituted or unsubstituted arylamido,
substituted or unsubstituted ureido, substituted or unsubsti-
tuted carbamoyl, and substituted or unsubstituted piperiz-
inyl.

In another exemplary embodiment, R%?, R'®, R!'* and
R'?* are members independently selected from H, fluoro,
chloro, bromo, nitro, cyano, amino, methyl, hydroxylm-
ethyl, trifluvoromethyl, methoxy, trifluoromethyoxy, ethyl,
diethylcarbamoyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
pyrimidinyl, piperizino, piperizinyl, piperizinocarbonyl,
piperizinylcarbonyl, carboxyl, 1-tetrazolyl, 1-ethoxycarbo-
nylmethoxy, carboxymethoxy, thiophenyl, 3-(butylcarbo-
nyl) phenylmethoxy, 1H-tetrazol-5-yl, 1-ethoxycarbonylm-
ethyloxy-, 1-ethoxycarbonylmethyl-, 1-ethoxycarbonyl-,
carboxymethoxy-, thiophen-2-yl, thiophen-2-ylthio-, thio-
phen-3-yl, thiophen-3-ylthio, 4-fluorophenylthio, butylcar-
bonylphenylmethoxy, butylcarbonylphenylmethyl, butylcar-
bonylmethyl, 1-(piperidin-1-yl)carbonyl)methyl,
1-(piperidin-1-yl)carbonyl)methoxy, 1-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-y})piperazin-1-yl)carbonyl)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-
yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl), 1-(4-(pynidin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino,  5-methoxy-3-
(phenyithio)-1H-indol-1-yl, 5-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  S-chloro-1H-indol-1-yl,
5-chloro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, 5-chloro-3-(phenyithio)-1H-indol-1-
yl)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-
nyl,  4-(1H-tetrazol-5-yl)phenylthio, = 2-cyanophenoxy,
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3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3-chlorophenoxy,  4-chlorophenoxy,  2-fluorophenoxy,

3-fluvorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, and 4-fluorobenzyloxy. In an exemplary
embodiment, R° is H and R'?** is H. In an exemplary
embodiment, the compound has a subsitutent combination
for R%?, R'%?, R'!¢, and R'?>* which is a member selected
from those described in Formulae (1), (Ia) (Ib), (Ic), (1d),
(Te), (1D, (Ig), (b), (i), (1), (Ak), (1), (Im), (In), (Io), (Ip),
(q), (), (s), (A1), (Iu), (Iv), (Iw), (1z), (1aa), (Iab), (lac),
(Iad), (1ae), (1af), (Iag), (Iah), (Iai), (1aj), (Jak) above, and/or
the subsequent paragraphs describing Formulae (1), (Ia) (Ib),
(Ic), (1d), (e), 9, (Ig), (Ih), (1), (1j), (Ik), (1), (Im), (In),
(lo), (Ip), (q), (In), (Is), (It), (Tu), (Iv), (Iw), (12), (1aa), (Iab),
(lac), (Iad), (Iae), (1af), (Tag), (Iah), (lai), (Iaj), (Iak).

In an exemplary embodiment, the portion of the cyclic
boronic ester as in the figure below

Rl

Rlla

R% R Rl

is a member selected from a structure in FIG. 12.
In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

A_Q
O,
(o)

L
O
o] i2a
\B/
v
RI la'
10a
R% R

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

(XIlc)

(XIId)

A L
:O:
O,
\B/O
O/ : :
Ri0a,
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In an exemplary embodiment, the compound has a structure In another exemplary embodiment, the compound has a
according to the following formula: structure which is a member selected from Formulae (XII),

(XIla), (XIIb), (XIIc), (XIId) and (X1le) wherein L is a
member selected from substituted or unsubstituted adenine,
(XIle) substituted or unsubstituted guanine, substituted or unsub-
o stituted cytidine, substituted or unsubstituted uracil, and
substituted or unsubstituted thymine. In another exemplary
0 embodiment, L is OH. In another exemplary embodiment, L

O\ /O is adenine.

w

13 In another exemplary embodiment, the compound has a

structure which is a member selected from

A Adenine HO Adenine
l :O: I O
O, o]
\B/
o/ 1 : O/
F,

H E

o}

I u
HO—P—O0 Adenine Al=—Q=—=P—0 Adenine
| | :o: I o
(o o
O\ /O
/BI : e
Q QO
F;

Al—™O0— II’—O—cyudine-O—ﬁ—O-cytidine-O Adenine
O
o
O, O
\B/
S
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In another exemplary embodiment, Al is a nucleic acid
sequence between 72 and 90 nucleotides. In another exem-
plary embodiment, Al is a nucleic acid sequence between 35
and 150 nucleotides. In another exemplary embodiment, A1
is a nucleic acid sequence between 50 and 100 nucleotides.
In another exemplary embodiment, Al is a nucleic acid
sequence between 75 and 85 nucleotides. In another exem-
plary embodiment, Al is a nucleic acid sequence which is a
tRNA or a portion of a tRNA. In another exemplary embodi-
ment, said tRNA or the portion of said tRNA is a member
selected from alanyl tRNA, isoleucyl tRNA, leucyl tRNA,
methionyl tRNA, lysyl tRNA, phenylalanyl tRNA, prolyl
tRNA, threonyl tRNA and valyl tRNA. In another exem-
plary embodiment, said tRNA or the portion of said tRNA
is leucyl tRNA. In another exemplary embodiment, said
tRNA or the portion of said tRNA has a sequence which is
a member selected from SEQ ID NOS: 18-62. In another
exemplary embodiment, Al is a nucleic acid sequence
wherein two final nucleotides are each cytidine.

In another exemplary embodiment, the compound further
comprises a tRNA synthetase or a portion of a tRNA
synthetase which comprises the editing domain, wherein
said compound is noncovalently attached to the editing
domain of said tRNA synthetase. In another exemplary
embodiment, the tRNA synthetase is a member selected
from a mitochondrial tRNA synthetase and a cytoplasmic
tRNA synthetase. In another exemplary embodiment, the
tRNA synthetase is a member selected from alanyl tRNA
synthetase, isoleucyl tRNA synthetase, leucyl tRNA syn-
thetase, methionyl tRNA synthetase, lysyl tRNA synthetase,
phenylalanyl tRNA synthetase, prolyl tRNA synthetase,
threconyl tRNA synthetase and valyl tRNA synthetase.

In an exemplary embodiment, the compound described
herein is present in a microorganism described in this
application.

In another exemplary embodiment, there is a proviso that
the compound is not present in a microorganism that is a
member selected from Saccharomyces cerevisiae, Aspergil-
lus niger, Pseudomonas aeruginosa, Staphylococcus aureus,
Aureobasidium pullulans, Fusarium solani, Penicillium
pinophilum, Scopulariopsis brevicaulis, Streptoverticillium
waksmanii, Alternaria alternata, Cladosporium herbarum,
Phoma violacea, Stemphylium dentriticum, Candida albi-
cans, Escherichia coli, and Glioclasium roseum. ln another
exemplary embodiment, there is a proviso that when the
compound is present in a fungus, the fungus is not a member
selected from Saccharomyces cerevisiae, Aspergillus niger,
Fusarium solani, Penicillium pinophilum, Scopulariopsis
brevicaulis, Streptoverticillium waksmanii, Alternaria alter-
nata, Cladosporium herbarum, Phoma violacea, Stemphy-
lium dentriticum, Candida albicans, and Glioclasium
roseum.

In an exemplary embodiment, the compound is present in
a microorganism which is a member selected from a der-
matophyte, Trichophyton, Microsporum, Epidermophyton
and yeast-like fungi. In an exemplary embodiment, there is
a proviso that when the compound is present in a yeast-like
fungus, that yeast-like fungus is not a member selected from
Aspergillus niger and Candida albicans. In another exem-
plary embodiment, the microorganism is a member selected
from a dermatophyte, Trichophyton, Microsporum, Epider-
mophyton and yeast-like fungi. In an exemplary embodi-
ment, the microorganism is a dermatophyte. In another
exemplary embodiment, the microorganism is a member
sclected from Trichophyton species. In an exemplary
embodiment, the microorganism is a member selected from
is a member selected from T. rubrum and T. menagrophytes.
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In an exemplary embodiment, the microorganism is a der-
matophyte and said dermatophyte is a member selected from
T. rubrum and T. menagrophytes.

In apother exemplary embodiment, the compound is
present in a human or an animal. In another exemplary
embodiment, the compound is present in a microorganism
which is in, or on the surface of, a human or an animal. In
another exemplary embodiment, the compound is present in
a microoganism which is present in a human nail unit of a
human or a nail, hoof, or horn component of an animal. In
another exemplary embodiment, the compound is present in
a microoganism which is present in a member selected from
a human nail plate, human nail bed, proximal nail fold,
lateral nail fold and combinations thereof. In another exem-
plary embodiment, the compound is present in a microo-
ganism which is present in a member selected from a human
nail plate and a human nail bed. In another exemplary
embodiment, the compound is present in a microoganism
which is present in a member selected from a proximal nail
fold and a lateral nail fold. In another exemplary embodi-
ment, the microorganism is a member selected from der-
matophyte, Trichophyton, Microsporum, Epidermophyton
and yeast-like fungi. In another exemplary embodiment,
wherein said compound is a dermatophyte. In another exem-
plary embodiment, the dermatophyte is a member selected
from 7. rubrum and T. menagrophytes.

1. f) Formulations with Keratin

When a compound of the invention described herein is
applied to a nail component of a human, the compound
absorbs or penctrates into the nail. The human nail is
primarily composed of keratin (i.e. hair keratin or a-keratin)
as well as trace amounts of lipid components. Therefore, in
the process of treating a disease of the nail or killing or
inhibiting the growth of a microorganism, a formulation
comprising a human nail unit and a compound of the
invention is formed.

In another aspect, the invention provides a formulation
comprising: (a) a compound which is a member selected
from a boron-containing compound, a 2'-amino ribofura-
nose-containing compound, a 3'-amino ribofuranose-con-
taining compound, and combinations thereof; and (b) a
keratin containing component which is a member selected
from a human nail unit, skin and hair. In an exemplary
embodiment, the compound of part (a) contacts the compo-
nent of part (b). In an exemplary embodiment, the keratin
containing component is a nail plate of the human nail unit.
In an exemplary embodiment, the keratin containing com-
ponent is a nail bed of the human nail unit. In an exemplary
embodiment, the keratin containing component is a proxi-
mal nail fold of the human nail unit. In an exemplary
embodiment, the keratin containing component is a lateral
nail fold of the human nail unit. In another exemplary
embodiment, the human nail unit comprises a member
selected from keratin and lipid. In another exemplary
embodiment, keratin is a member selected from skin keratin
and nail/hair keratin. In another exemplary embodiment,
lipid is a member selected from cholesterol sulfate, cere-
broside, ceramide, free sterol, free fatty acids, triglycerides,
sterol esters, wax esters, and squalene.

In an exemplary embodiment, the compound is present in
the formulation at a concentration which is a member
selected from about 0.001%, about 0.01%, about 0.05%,
about 0.1%, about 0.5%, about 1%, about 1.5%, about 2%,
about 2.5%, about 3%. In another exemplary embodiment,
the keratin is present in said formulation at a concentration
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which is a member selected from about 99.99%, about
99.95%, about 99.90%, about 99.5%, about 99.0%, about
98.5%, about 98.0%, about 97.5% and about 97%. In
another exemplary embodiment, the compound is a com-
pound described herein. In another exemplary embodiment,
the compound is as described in Formulae (1), (a) (Ib), (Ic),
(1), Qe), (1D, (Ig), (Ih), (1), (1)), (k), D), (im), (In), (lo),
(Ip), dq), (), (Is), (It), (Iu), Av), (Iw), (1z), (Iaa), (Iab),
(Tac), (lad), (lae), (Iaf), (lag), (lah), (lai), (Iaj), (Iak), (1),
(I1a), (1Ib), (lc), (1id), and (III). In another exemplary
embodiment, the compound is an acyclic boronic ester as
described herein. In another exemplary embodiment, the
compound is a member selected from C1-C96 described
herein. In another exemplary embodiment, the compound is
a member selected from a compound appearing in FIG. 19.
In another exemplary embodiment, the compound is a
member selected from a compound appearing in FIG. 20. In
another exemplary embodiment, the compound is 1,3-di-
hydro-5-fluoro-1-hydroxy-2,1-benzoxaborole. In another
exemplary embodiment, 1,3-dihydro-5-fluoro-1-hydroxy-2,
1-benzoxaborole is present is said formulation at a concen-
tration which is a member selected from about 0.001%,
about 0.01%, about 0.05%, about 0.1%, about 0.5%, about
1%, and about 1.5%.

In another aspect, the invention provides a method of
forming this formulation, wherein said method comprises
applying said compound to a formulation comprising kera-
tin, thereby forming said formulation. In an exemplary
embodiment, the formulation comprising keratin is a human
pail unit. In an exemplary embodiment, the formulation
comprising keratin is a member selected trom a nail plate,
nail bed, proximal nail fold, and lateral nail fold. Methods of
making these formulations are described in the Examples
section. '

1. g.) Preparation of Boron-Containing Editing
Domain Inhibitors

Compounds of use in the present invention can be pre-
pared using commercially available starting materials,
known intermediates, or by using the synthetic methods
published in references described and incorporated by ref-
erence herein.

1. h.) Boronic Esters

The following exemplary schemes illustrate methods of
preparing boron-containing molecules of the present inven-
tion. These methods are not limited to producing the com-
pounds shown, but can be used to prepare a variety of
molecules such as the compounds and complexes described
herein. The compounds of the present invention can also be
synthesized by methods not explicitly illustrated in the
schemes but are well within the skill of one in the art. The
compounds can be prepared using readily available materi-
als of known intermediates.

In the following schemes, the symbol X represents bromo
or iodo. The symbol Y is selected from H, lower alkyl, and
arylalkyl. The symbol Z is selected from H, alkyl, and aryl.
The symbol PG represents protecting group. The symbols A,
D, E, G, Rx’ Ry’ Rz, Rla, RZa’ Rsa’ R4a’ RSa, ROa, R?’a’ RSa’
R®2 R!'9% R!'e and R'?® can be used to refer to the
corresponding symbols in the compounds described herein.

Boronic Acid Preparation Strategy #1

In Scheme 1, Step 1 and 2, compounds 1 or 2 are
converted into alcohol 3. In step 1, compound 1 is treated
with a reducing agent in an appropriate solvent. Suitable
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reducing agents include borane complexes, such as borane-
tetrahydrofuran,  borane-dimethylsulfide, combinations
thereof and the like. Lithium aluminum hydride, or sodium
borohydnide can also be used as reducing agents. The
reducing agents can be used in quantities ranging from 0.5
to 5 equivalents, rclative to compound 1 or 2. Suitable
solvents include diethyl ether, tetrahydrofuran, 1,4-dioxane,
1,2-dimethoxyethane, combinations thereof and the like.
Reaction temperatures range from 0° C. to the boiling point
of the solvent used; reaction completion times range from 1
to 24 h.

In Step 2, the carbonyl] group of compound 2 is treated
with a reducing agent in an appropriatc solvent. Suitable
reducing agents include borane complexes, such as borane-
tetrahydrofuran, borane-dimethylsulfide, combinations
thereof and the like. I.ithium aluminum hydride, or sodium
borohydride can also be used as reducing agents. The
reducing agents can be used in quantities ranging from 0.5
to 5 equivalents, relative to compound 2. Suitable solvents
include lower alcohol, such as methanol, ethanol, and pro-
panol, diethyl ether, tetrahydrofuran, 1,4-dioxane and 1,2-
dimethoxyethane, combinations thereof and the like. Reac-
tion temperatures range from 0° C. to the boiling point of the
solvent used; reaction completion times range from 1 to 24
h.

In Step 3, the hydroxyl group of compound 3 is protected
with a protecting group which is stable under neutral or basic
conditions. The protecting group is typically selected from
methoxymethyl, ethoxyethyl, tetrahydropyran-2-yl, trimeth-
ylsilyl, tert-butyldimethylsilyl, tributylsilyl, combinations
thereof and the like. In the case of methoxymethyl, com-
pound 3 is treated with 1 to 3 equivalents of chloromethyl
methyl ether in the presence of a base. Suitable bases include
sodium hydride, potassium tert-butoxide, tertiary amines,
such as diisopropylethylamine, triethylamine, 1,8-diazabi-
cyclo[5,4,0]lundec-7-ene, and inorganic bases, such as
sodium hydroxide, sodium carbonate, potassium hydroxide,
potassium carbonate, combinations thereof and the like. The
bases can be used in quantitics ranging from 1 to 3 equiva-
lents, relative to compound 3. Reaction temperatures range
from 0° C. to the boiling point of the solvent used; prefer-
ably between 0 and 40° C.; reaction completion times range
from 1 h to 5 days.

In the case of tetrahydropyran-2-yl, compound 3 is treated
with 1 to 3 equivalents of 3.4-dihydro-2H-pyran in the
presence of 1 to 10 mol % of acid catalyst. Suitable acid
catalysts include pyridinium p-toluenesulfonic acid, p-tolu-
enesulfonic acid, camphorsulfonic acid, methanesuifonic
acid, hydrogen chloride, sulfuric acid, combinations thereof
and the like. Suitable solvents include dichloromethane,
chloroform, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxy-
ethane, toluene, benzene, and acetonitrile combinations
thereof and the like. Reaction temperatures range from 0° C.
to the boiling point of the solvent used; preferably between
0 and 60° C., and is complete in 1 h to 5 days.

In the case of trialkylsilyl, compound 3 is treated with 1
to 3 equivalents of chlorotrialkylsilyane in the presence of 1
to 3 equivalents of base. Suitable bases include tertiary
amines, such as imidazole, diisopropylethylamine, triethyl-
amine, 1,8-diazabicyclo[5,4,0Jundec-7-ene, combinations
thereof and the like. Reaction temperatures range from 0° C.
to the boiling point of the solvent used; preferably between
0 and 40° C.; reaction completion times range from 1 to 48
h.

In Step 4, compound 4 is converted into boronic acid (5)
through halogen metal exchange reaction. Compound 4 is
treated with 1 to 3 equivalents of alkylmetal reagent relative
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to compound 4, such as n-butyllithium, sec-butyllithium,
tert-butyllithium, isopropylmagnesium chloride or Mg turn-
ings with or without an initiator such as diisobutylaluminum
hydride (DiBA1), followed by the addition of 1 to 3 equiva-
lents of trialkyl borate relative to compound 4, such as
trimethyl borate, triisopropyl borate, or tributyl borate. Suit-
able solvents include tetrahydrofuran, ether, 1,4-dioxane,
1,2-dimethoxyethane, toluene, hexanes, combinations
thereof and the like. Alkylmetal reagent may also be added
in the presence of trialkyl borate. The addition of butyl-
lithium is carried out at between -100 and 0° C., preferably
at between -80 and -40° C. The addition of isopropylmag-
nesium chloride is carried out at between -80 and 40° C.,
preferably at between —20 and 30° C. The addition of Mg
turnings, with or without the addition of DiBAl, is carried
out at between —80 and 40° C., preferably at between -35
and 30° C. The addition of the trialkyl borate is carried out
at between -100 and 20° C. After the addition of trialkyl
borate, the reaction is allowed to warm to room temperature,
which is typically between -30 and 30° C. When alkyimetal
reagent is added in the presence of trialkyl borate, the
reaction mixture is allowed to warm to room temperature
after the addition. Reaction completion times range from 1
to 12 h. Compound 5 may not be isolated and may be used
for the next step without purification or in one pot.

In Step 5, the protecting group of compound 5 is removed
under acidic conditions to give compound of the invention.
Suitable acids include acetic acid, trifluoroacetic acid,
hydrochloric acid, hydrobromic acid, sulfuric acid, p-tolu-
enesulfonic acid and the like. The acids can be used in
quantities ranging from 0.1 to 20 equivalents, relative to
compound 5. When the protecting group is trialkylsilyl,
basic reagents, such as tetrabutylammonium fluoride, can
also be used. Suitable solvents include tetrahydrofuran,
1,4-dioxane, 1,2-dimethoxyethane, methanol, ethanol, pro-
panol, acetonitrile, acetone, combination thereof and the
like. Reaction temperatures range from 0° C. to the boiling
point of the solvent used; preferably between 10° C. and
reflux temperature of the solvent; reaction completion times
range from 0.5 to 48 h. The product can be purified by
methods known to those of skill in the art.

Scheme 1
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In another aspect, the invention provides a method of
making a tetrahydropyran-containing boronic ester, said
ester having a structure according to the following formula:

j2a TRI
Ila
R B\

OR?
0 o)

@

wherein R' and R, are members independently selected from
H, substituted or unsubstituted alkyl, substituted or unsub-
stituted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. R' and R?, together with the atoms to which they are
attached, can be optionally joined to form a 4- to 7-mem-
bered ring. R*?, R'%?, R'!? and R'?** are members indepen-
dently selected from H, OR*, NR*R**, SR*, —S(O)R*,
—S(0),R*, —S(0),NR*R**, nitro, halogen, cyano, substi-
tuted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. R* and R** is a member selected from H, substi-
tuted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. The method comprises: a) subjecting a first com-
pound to Grignard or organolithium conditions, said first
compound having a structure according to the following
55 formula:

R0

30 R%

w
by

12a

60 RUe
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b) contacting the product of step a) with a borate ester, said method comprising: a) subjecting a first compound to
thereby forming said ten'ahydropyran-containir{g Grignard or organolithium conditions, said first compound
boronic ester. In an exemplary embodiment, halogenis  having a structure according to the following formula:

a member selected from iodo and bromo. In another

exemplary embodiment, the borate ester is a member s

selected from B(OR'),(OR?), wherein R’ and R? are 120

each members independently selected from H, substi-

tuted or unsubstituted methyl, substituted or unsubsti- R Halogen

tuted ethyl, substituted or unsubstituted propyl, substi-
tuted or unsubstituted isopropyl, substituted or
unsubstituted butyl, substituted or unsubstituted t-bu- Ri%
tyl, substituted or unsubstituted phenyl and substituted

or unsubstituted benzyl. R' and R? together with the RS U ;

atoms to which they are joined, can optionally form a

member selected from substituted or unsubstituted

dioxaboro]ane,. substituted or gnsubsti.tuted dioxabori- 15 b) quenching said subjecting reaction with water and a
nane and substituted or unsubstituted dioxaborepane. In
another exemplary embodiment, the borate ester is a
member selected from B(OR'),(OR?), wherein R' and
R?, together with the atoms to which they are joined,
form a member selected from dioxaborolane, substi-

organic acid, thereby forming said compound. In an exem-
plary embodiment, wherein said organic acid is a member
selected from acetic acid. In another exemplary embodi-
;0 ment, the quenching step is essentially not contacted with a

tuted or unsubstituted tetramethyldioxaborolane, sub- strong acid. In another exemplary embodiment, the com-
stituted or unsubstituted phenyldioxaborolane, dioxa- pound is 1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzoxa-
borinane, dimethyldioxaborinane and dioxaborepane. borole. In another exemplary embodiment, the compound is

In another exemplary embodiment, the Grignard or  purified by recrystallization from a recrystallization solvent,
organolithium conditions further comprise diisobutyl 5 wherein said recrystallization solvent essentially does not
aluminum hydride. In another exemplary embodiment, contain acetonitrile. In an exemplary embodiment, the
the temperature °°f the Grignard reaction does not oo qalization solvent contains less than 2% acetonitrile.
exceed about 35° C. In ano}l}er exemplary embodi- In an exemplary embodiment, the recrystallization solvent
ment, the tempemomre of the (rr;lgnard rea(;tlon doebsor(li?t contains less than 1% acetonitrile. In an exemplary embodi-
exceed about 40° C. In anot 1er exempiary em " 30 ment, the recrystallization solvent contains less than 0.5%
meat, the temperoamre of the Grignard reaction does not acetonitrile. In an exemplary embodiment, the recrystalliza-
excged arl;out:j C.inanexempla?; embo: mzen3t,0it¢(3:p tion solvent contains less than 0.1% acetonitrile. In an
Eb) I; pet 012130 Catla emp;:atu; om rlom ae:ll:m(_iimem. exemplary embodiment, the recrystallization solvent con-
0 about -~ - | another exemplary f e bo ’ tains toluene and a hydrocarbon solvent. In an exemplary
step (b) is performed at a temperature of ffom a ut 5 embodiment, the recrystallization solvent contains about 1:1

-35°C. to about -25° C. In another exemplary embodi- B .
ment, step (b) is performed at a temperature of from toluene:hydrocarbon solvent. In an exemplary embodiment,
abou; 250° C. to about ~0° C. In another exemplary the recrystallization solvent contains about 2:1 toluene:
embodiment ét (b) is pe rfon;le d at a temperature of hydrocarbon solvent. In an exemplary embodiment, the
from about, _4%13, C. to about -20° C. In another recrystallization solvent contains about 3:1 toluene:hydro-
1 bodi ’ t the tetrahvdro ’ tain. %0 carbon solvent. In an exemplary embodiment, the recrystal-
exemprary embociment, the letralydropyran-Contain=  y. ation solvent contains about 4: 1 toluene:hydrocarbon sol-
ing boronic ester is vent. In an exemplary embodiment, the hydrocarbon solvent
is a member selected from heptane, octane, hexane, pentane
and nonane. In an exemplary embodiment, the recrystalli-

4s zation solvent is 3:1 toluene:heptane.
Boronic Acid Preparation Strategy #2

OR? In Scheme 2, Step 6, compound 2 is converted into
o o boronic acid (6) via a transition metal catalyzed cross-
F coupling reaction. Compound 2 is treated with 1 to 3
50 equivalents of bis(pinacolato)diboron or 4,4,5,5-tetram-
\O ’ ethyl-1,3,2-dioxaborolane in the presence of transition metal
catalyst, with the use of appropriate ligand and base as
necessary. Suitable transition metal catalysts include palla-
In another aspect, the .invemion provides a method of dium(1I) acetate, palladium(Il) acetoacetonate, tetrakis(tri-
making a compound having a structure according to the ss phenylphosphine)palladium,  dichlorobis(triphenylphos-
following formula phine)pailadium,  [1,1'-bis(diphenylphosphino)ferrocen]
dichloropalladium(1l), combinations thereof and the like.
The catalyst can be used in quantities ranging from 1 to §

OR!

I
B\

22 o—R" mol % relative to compound 2. Suitable ligands include

Rlls / 60 triphenylphosphine, tri(o-tolyl)phosphine, tricyclohexyl-
B\ phosphine, combinations thereof and the like. The ligand

0 can be used in quantities ranging from 1 to 5 equivalents

relative to compound 2. Suitable bases include sodium
carbonate, potassium carbonate, potassium phenoxide, tri-
RY% 65 ethylamine, combinations thereof and the like. The base can
be used in quantities ranging from 1 to 5 equivalents relative
to compound 2. Suitable solvents include N,N-dimethy!for-
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mamide, dimethylsufoxide, tetrahydrofuran, 1,4-dioxane,
toluene, combinations thereof and the like. Reaction tem-
peratures range from 20° C. to the boiling point of the
solvent used; preferably between 50 and 150° C.; reaction
completion times range from 1 to 72 h.

Pinacol ester is then oxidatively cleaved to give com-
pound 6. Pinacol ester is treated with sodium periodate
followed by acid. Sodium periodate can be used in quantities
ranging from 2 to 5 equivalents relative to compound 6.

5

116

include tetrahydrofuran, ether, 1,4-dioxane, 1,2-dimethoxy-
ethane, toluene, hexanes, combinations thereof and the like.
Reaction completion times range from 1 to 12 h. Alterna-
tively, a mixture of compound 3 and trialkyl borate can be
refluxed for 1 to 3 h and the alcohol molecule formed upon
the ester exchange can be distilled out before the addition of
alkylmetal reagent.

Suitable solvents include tetrahydrofuran, 1,4-dioxane, !0 Scheme 3
acetonitrile, methanol, ethanol, combinations thereof and the ;
like. Suitable acids include hydrochloric acid, hydrobromic TR
acid, sulfuric acid combinations thereof and the like. Reac- _G X G B
tion temperatures range from 0° C. to the boiling point of the ET N Step 8 7N M
solvent used; preferably between 0 and 50° C.; reaction !5 Ig oH I ]
completion times range from 1 to 72 h. N D\A/ ; P
In Step 7, the carbonyl group of compound 6 is treated N, .

with a reducing agent in an appropriate solvent to give a R* R lorIL,R'=H,

3 W = (CR6R"Ym, m =0

compound of the invention. Suitable reducing agents include
borane complexes, such as borane-tetrahydrofuran, borane-
dimethylsulfide, combinations thereof and the like. Lithium
aluminum hydride, or sodium borohydride can also be used
as reducing agents. The reducing agents can be used in
quantities ranging from 0.5 to 5 equivalents, relative to
compound 6. Suitable solvents include lower alcohol, such
as methanol, ethanol, and propanol, diethyl ether, tetrahy-
drofuran, 1,4-dioxane and 1,2-dimethoxyethane, combina-
tions thereof and the like. Reaction temperatures range from
0° C. to the boiling point of the solvent used; reaction
completion times range from 1 to 24 h.

Scheme 2

X Step 6
—

1) lorlLR!=H,
W = (CRR")m, m = 0

Boronic Acid Preparation Strategy #3

In Scheme 3, Step 8, compounds of the invention can be
prepared in one step from compound 3. Compound 3 is
mixed with trialkyl borate then treated with alkylmetal
reagent. Suitable alkylmetal reagents include n-butyllithium,
sec-butyllithium, tert-butyllithium combinations thereof and
the like. Suitable trialkyl borates include trimethyl borate,
triisopropyl borate, tributyl borate, combinations thereof and
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Boronic Acid Preparation Strategy #4

In Scheme 4, Step 10, the methyl group of compound 7 is
brominated using N-bromosuccinimide. N-bromosuccinim-
ide can be used in quantities ranging from 0.9 to 1.2
equivalents relative to compound 7. Suitable solvents
include carbon tetrachloride, tetrahydrofuran, 1,4-dioxane,
chiorobenzene, combinations thereof and the like. Reaction
temperatures range from 20° C. to the boiling point of the
solvent used; preferably between 50 and 150° C.; reaction
completion times range from 1 to 12 h.

In Step 11, the bromomethylene group of compound 8 is
converted to the benzyl alcohol 3. Compound 8 is treated
with sodium acetate or potassium acetate. These acetates can
be used in quantities ranging from 1 to 10 equivalents
relative to compound 8. Suitable solvents include tetrahy-
drofuran, 1,4-dioxane, N,N-dimethylformamide, N,N-dim-
ethylacetamide, N-methylpyrrolidone, dimethylsulfoxide,
combinations thereof and the like. Reaction temperatures
range from 20° C. to the boiling point of the solvent used;
preferably between S0 and 100° C.; reaction completion
times range from 1 to 12 h. The resulting acetate is hydro-
lyzed to compound 3 under basic conditions. Suitable bases
include sodium hydroxide, lithium hydroxide, potassium
hydroxide, combinations thercof and the like. The base can
be used in quantities ranging from 1 to S equivalents relative
to compound 8. Suitable solvents include methanol, ethanol,
tetrahydrofuran, water, combinations thereof and the like.
Reaction temperatures range from 20° C. to the boiling point
of the solvent used; preferably between 50 and 100° C;
reaction completion times range from 1 to 12 h. Alterna-
tively, compound 8 can be directly converted into compound
3 under the similar condition above.

Steps 3 through 5 convert compound 3 into a compound
of the invention.

the like. The addition of butyllithium is carried out at 60 Scheme 4
between -100 and 0° C., preferably at between -80 and -40° G X G X
C. The reaction mixture is allowed to warm to room tem- X Step 10 I Step 11
perature after the addition. Reaction completion times range Il Il
from 1 to 12 h. The trialkyl borate can be used in quantities D\A/ on D A Br
ranging from 1 to 5 equivalents relative to compound 3. The 65 3 A
7 8

alkylmetal reagent can be used in quantities ranging from 1
to 2 equivalents relative to compound 3. Suitable solvents
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-continued

Steps 3 through §
_ -

7
G, B
g
D W
~NZ N

Tord,R'=H, W= (CR*R")m, m =0

Boronic Acid Preparation Strategy #5

In Scheme 5, Step 12, compound 2 is treated with
(methoxymethyl) triphenylphosphonium chloride or
(methoxymethyl)triphcnylphosphonium bromide in the
presence of base followed by acid hydrolysis to give com-
pound 9. Suitable bases include sodium hydride, potassium
tert-butoxide, lithium diisopropylamide, butyllithium,
lithium hexamethyldisilazane, combinations thereof and the
like. The (methoxymethyDtriphenylphosphonium salt can be
used in quantities ranging from 1 to 5 equivalents relative to
compound 2. The base can be used in quantities ranging
from 1 to 5 equivalents relative to compound 2. Suitable
solvents include tetrahydrofuran, 1,2-dimethoxyethane, 1,4-
dioxane, ether, toluene, hexane, N,N-dimethylformamide,
combinations thereof and the like. Reaction temperatures
range from (° C. to the boiling point of the solvent used;
preferably between 0 and 30° C.; reaction completion times
range from 1 to 12 h. The enolether formed is hydrolyzed
under acidic conditions. Suitable acids include hydrochloric
acid, hydrobromic acid, sulfuric acid, and the like. Suitable
solvents include tetrahydrofuran, 1,2-dimethoxyethane, 1,4-
dioxane, methanol, ethanol, combination thereof and the
like. Reaction temperatures range from 20° C. to the boiling
point of the solvent used; preferably between 50 and 100°
C.; reaction completion times range from 1 to 12 h.

Steps 2 through 5 convert compound 9 into a compound
of the invention.

Scheme §
G X
/
E N Step 12
! . T
NZ
)
2
G X
-
IISI = Steps 2 through §
—_——
D
N CHO
z

o
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-continued
T
G, B
g
D. W
N NS
lIor,R'=H

Boronic Acid Preparation Strategy #6

In Scheme 6, compound (I) wherein R! is H is converted
into compound (I) wherein R! is alkyl by mixing with the
corresponding alcohol, R?OH. The suitable solvents include
tetrahydrofuran, 1,2-dimethoxyethane, 1,4-dioxane, toluene,
combinations thereof and the like. The alcohol (R'OH) can
be used as the solvent as well. Reaction temperatures range
from 20° C. to the boiling point of the solvent used;
preferably between 50 and 100° C.; reaction completion
times range from 1 to 12 h.

Scheme 6
Rl
g '
G B. G. B
E/ N \M Step 13 B/ N \M
DOENP9
P
NP NS N4 1
lorILR'=H lorlLR'« H

Boronic Acid Preparation Strategy #7

In Scheme 7, compound (Ia) is converted into its amino-
alcohol complex (Ib). Compound (Ja) is treated with
HOR'NR'“R!®. The aminoalcohol can be used in quantities
ranging from 1 to 10 equivalents relative to compound (1a).
Suitable solvents include methanol, ethanol, propanol, tet-
rahydrofuran, acetone, acetonitrile, 1,2-dimethoxyethane,
1.4-dioxane, toluene, N,N-dimethylformamide, water, com-
bination thereof and the like. Reaction temperatures range
from 20° C. to the boiling point of the soivent used,
preferably between 50 and 100° C.; reaction completion
times range from 1 to 24 h.

Scheme 7
12 ol R12 O Rt
R B/ RU \B—\N—R"
\y Smwo_ ¥
R0 RI0
R ® R H ®
laorlla IborIlb

The compounds of the invention can be converted into
hydrates and solvates by methods similar to those described
above.

1. h.) Borinic Esters

Methods of making borinic esters are known in the art,
and it is within the knowledge of one skilled in the art to use

Page 139 of 241 PagelD #: 636
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these methods in order to make the boronic esters described —continued
herein. Examples include U.S. patent application Ser. No.

10/868,268 and U.S. Prov. Pat. Application No. 60/813,623, /

filed May 2, 2006 which are herein incorporated by refer- Si

ence. 5 / \0 OT{

1. i.) 2'-amino or 3'-amino ribofuranoses —

Methods of making 2'-amino ribofuranoses or 3'-amino >< o
ribofuranoses are known in the art, and it is within the si”
knowledge of one skilled in the art to use these methods in 7\
order to make the 2'-amino ribofuranoses described herein.
Ashton et al. (Can. Pat. App. 2,031,644 (1991)) and
Durette, et al. (UK Pat. App. 2,207,678 (1989)) disclose the
synthesis of the amino acid starting material for compound
DS. Hardee, et al., (PCT Int. App. WO2005020885 (2005))

discloses the synthesis of the nucleoside starting material for /

compound D6. Sakthivel, (Sakthivel, et al., Ter. Let. 46(22): si

3883-3887 (2005)) Sartorelli, et al., (U.S. Pat. Appl. Pub. ,, / \o L paC
2004116362); Roberts, et al, (PCT Int. Appl. A H,
W02003093290); Liu, et al., Nucleosides, Nucleotides & —_—
Nucleic Acids, 20(12): 1975-2000 (2001); Minakawa, et al.,

J. Org. Chem., 64(19): 7158-7172 (1999); Daelemans, et al., >< o N

Molecular Pharmacology, 52(6): 1157-1163 (1997) all dis- 25 si” 3

close the synthesis of the nucleoside starting material for /7 \
compound D7.
Examples of how to prepare these compounds is shown

below:
30
HO L
A TBDMS-Cl /
- Si
35 / \o L
OH OH A BrR,
—_—
/
S >< o) NH
/ \o L C105Py/ 40 Nl 2
A acetic anhydride / \
o} OH
><Si/ 45
7\
/ 7< /
Si Si
/ /N
o} L 50 0 L
A NaBHy/AcOH A NH,F/MeOH
—_—
0 o >< 0O HN
X ) N
AR VAN
HO L
/ A
/S'\ OH
o] L 60
A TfCI HO  HN_
R,
X .
Si 65  Compounds 1-14 are produced by a final step (Lincecum,
7\ T. L. et al,, S. Molecular Cell, 11: 951-963 (2003); Kim,

B.-T.etal.,J Bull. Korean Chem. Soc., 25: 243-248 (2004)):
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(0]
Ry
HO
N
RJ/ ~ Ry
R,

(0]
0
N\O
HO L
A o}
Ry

then piperidine

Ry

HO HN

\Rl
HO L
A
HO N.
~ R,
© Re
Ir/

R, R3

Compounds 15-18 are produced by a final step (See s

Lincecum):

HO L

Methods for preparing dimers, trimers and higher
homologs of small organic molecules, such as those of use
in the present invention, as well as methods of functional-
izing a polyfunctional framework molecule are well known
to those of skill in the art. For example, an aromatic amine
of the invention is converted to the corresponding isothio-
cyanate by the action of thiophosgene. The resulting isoth-
iocyanate is coupled to an amine of the invention, thereby
forming either a homo- or heterodimeric species. Alterna-
tively, the isothiocyanate is coupled with an amine-contain-
ing backbone, such as polylysine, thereby forming a conju-
gate between a polyvalent framework and a compound of
the invention. If it is desired to prepare a heterofunctional-
ized polyvalent species, the polylysine is underlabeled with
the first isothiocyanate and subsequently labeled with one or
more different isothiocyanates. Alternatively, a mixture of
isothiocyanates is added to the backbone. Purification pro-
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ceeds by, for example, size exclusion chromatography,
dialysis, nanofiltration and the like.

1. Assays for Inhibitors of tRNA Synthetase
Editing Domains

Art-recognized techniques of genetics and molecular biol-
ogy are of use to identify compounds that bind to and/or
inhibit the editing domain of a tRNA synthetase. Moreover,
these techniques are of use to distinguish whether a com-
pound binds to and/or inhibits the synthetic domain, the
editing domain, or both the editing and synthetic domains.

In an exemplary assay, activity of a representative com-
pound against the editing domain was confirmed. To identify
the target of the novel boron-containing antifungal com-
pound C10, mutants in S. cerevisiae showing resistance to
compound C10 were isolated. Characterization of 11
mutants showed that they have an 8-64 fold increase in
resistance to C10 over wildtype. The mutants were further-
more shown to be sensitive to various antifungal agents with
known modes of action, suggesting that the cellular target of
C10is distinct from the target of the other antifungal agents.
Isolation of three different plasmids bearing CDC60 from
plasmid libraries generated from three independently iso-
lated mutants implicated CDC60, the gene for the cytoplas-
mic leucyl-tRNA synthetase in resistance against C10.
Sequence analysis of CDC60 from the 11 mutants revealed
that the mutations were all located in the editing domain of

0 this enzyme. In a further series of experiments, additional

copies of the CDC60 gene were introduced in S. cerevisiae,
which gave rise to an eight-fold increase in resistance to
C10. These findings confirm a strong link between the
editing activity of the enzyme and the inhibition of C10,
which entails a novel mechanism of tRNA synthetase inhi-
bition.

Assays to determine whether, and how effectively, a
particular compound binds to and/or inhibits the editing
domain of a selected t(RNA synthetase are also set forth
herein, and additional assays are readily available to those of
skill in the art. Briefly, in an exemplary assay, an improperly
charged tRNA and a tRNA synthetase that is capable of
editing the improperly charged tRNA are combined. The
resulting mixture is contacted with the putative inhibitor and
the degree of editing inhibition is observed.

Another assay uses genetics to show that a drug works via
the editing domain. In this assay, the compound is first tested
against a strain of cells over-expressing copies of the tRNA
synthetase gene. The compound’s effect on the over-ex-
pressing strain is compared with a control strain to deter-
mine whether the compound is active against the synthetase.
If the minimum inhibitory concentration (MIC) is 2-fold
higher in the strain with extra copies of the synthetase gene
than the MIC of the inhibitor against a wild type cell, a
further genetic screen is conducted to determine whether the
increased resistance is due to mutations in the editing
domain. In this second screen, the control strain is chal-
lenged against a high concentration of the inhibitor. The
colonies surviving the challenge are isolated and DNA from
these cells is isolated. The editing domain is amplified using
a proof-reading PCR enzyme and the appropriate primers.
The PCR product can be purified using standard procedures.
The sequence amplified mutant DNA is compared to wild-
type. If the mutant DNA bears mutations in the editing
domain, such results would suggest that the compound binds
to the editing domain and affects the editing function of the
molecule through this domain.
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The assays set forth above are useful in essentially any
microbial system, e.g., bacterial, fungal, parasitic, viral and
the like.

Generally, the compounds to be tested are present in the
assays in ranges from about 1 pM to about 100 mM,
preferably from about 1 pM to about 1 uM. Other com-
pounds range from about 1 nM to about 100 nM, preferably
from about | nM to about 1 pM.

The effects of the test compounds upon the function of the
enzymes can also be measured by any suitable physiological
change. When the functional consequences are determined
using intact cells or animals, one can also measure a variety
of cffects such as transmitter release, hormone relcase,
transcriptional changes to both known and uncharacterized
genetic markers, changes in cell metabolism such as cell
growth or pH changes, and changes in intracellular second
messengers such as Ca®*, or cyclic nucleotides.

High throughput screening (HTS) is also of use in iden-
tifying promising candidates of the invention.

Utilizing the assays set forth herein and others readily
available in the art, those of skill in the art will be able to
readily and routinely determine other compounds and
classes of compounds that operate to bhind to and/or inhibit
the editing domain of tRNA synthetases.

In another aspect, the invention provides a method for
identifying a compound which binds to an editing domain of
a tRNA synthetase comprising: a) contacting said editing
domain with a test compound under conditions suitable for
binding; and b) detecting binding of said test compound to
said editing domain. In an exemplary embodiment, detecting
binding of said compound comprises use of at least one
detectable clement, isotope, or chemical label attached to
said compound. In an exemplary embodiment, the element,
isotope or chemical label is detected by a fluorescent,
luminescent, radioactive, or absorbance readout. In an
exemplary embodiment, the contacting of said test com-
pound with said editing domain also includes further con-
tacting said test compound and said editing domain with a
member sclected from AMP and a molecule with a terminal
adenosine. In an exemplary embodiment, said tRNA syn-
thetase is derived from a member selected from alanyl tRNA
synthetase, isoleucyl tRNA synthetase, leucyl tRNA syn-
thetase, methionyl tRNA synthetase, lysyl tRNA synthetase,
phenylalanyl tRNA synthetase, prolyl tRNA synthetase,
threonyl tRNA synthetase and valyl tRNA synthetase. In an
exemplary embodiment, the tRNA synthetase is derived
from leucyl tRNA synthetase. In an exemplary embodiment,
the tRNA synthetase is derived from a mutated tRNA
synthetase, wherein said mutated tRNA synthetase com-
prises amino acid mutations in an editing domain. In another
exemplary embodiment, the mutated tRNA synthetase com-
prises amino acid mutations in the editing domain as listed
in Table 4. In another exemplary embodiment, wherein said
editing domain of a tRNA synthetase comprises the amino
acid sequence of SEQ ID NOS: 1-15.

In another aspect, the invention provides a method for
identifying a compound which binds to an editing domain of
a tRNA synthetase, said assay comprising: a) contacting said
editing domain of a tRNA synthetase with said compound
under conditions suitable for binding of said compound with
said editing domain of a tRNA synthetase; b) comparing a
biological activity of said editing domain of a tRNA syn-
thetase contacting said compound to said biological activity
when not contacting said compound; and c) identifying said
compound as binding to said editing domain of a tRNA
synthetase if said biological activity of said editing domain
of a tRNA synthetase is reduced when contacting said
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compound. In an exemplary embodiment, the biological
activity is hydrolysis of noncognate amino acid. In another
exemplary embodiment, the hydrolysis of said noncognate
amino acid is detected through the use of one or more labels.
In another exemplary embodiment, the labels include a
radiolabel, a fluorescent marker, an antibody, or a combi-
nation thereof. In another exemplary embodiment, said
labels can be detected using spectroscopy. In another exem-
plary embodiment, the editing domain of a tRNA synthetase
is derived from a member selected from alanyl tRNA
synthetase, isoleucyl tRNA synthetase, leucyl tRNA syn-
thetase, methionyl tRNA synthetase, lysyl tRNA synthetase,
phenylalanyl tRNA synthetase, prolyl tRNA synthetase,
threonyl tRNA synthetase and valyl tRNA synthetase. In
another exemplary embodiment, said editing domain of a
tRNA synthetase is derived from leucyl tRNA synthetase.

In another aspect, the invention provides a method of
generating tRNA molecules with noncognate amino acid
comprising: a) creating or isolating a mutated tRNA syn-
thetase with altered amino acid editing domains; and b)
contacting a tRNA molecule with said mutated tRNA syn-
thetase and a noncognate amino acid. In another exemplary
embodiment, the mutated tRNA synthetase contains one or
more amino acid mutations in an editing domain. In another
exemplary embodiment, the mutated tRNA synthetase is
unable to bind with 1,3-dihydro-5-fluoro-1-hydroxy-2,1-
benzoxaborole. In another exemplary embodiment, the
mutated tRNA synthetase is able to bind with 1,3-dihydro-
5-fluoro-1-hydroxy-2,1-benzoxaborole.

In another aspect, the invention provides a composition
that comprises one or more tRNA molecules attached to
noncognate amino acids, wherein said tRNA molecules are
synthesized using one or more mutated tRNA synthetases
isolated from a microorganism or a cell line derived from a
microorganism. In an exemplary embodiment, the microor-
ganism is a fungus or a yeast. In an exemplary embodiment,
wherein said mutated tRNA synthetases contain amino acid
mutations in their editing domains. In an exemplary embodi-
ment, said mutated tRNA synthetases comprise point muta-
tions in the editing domain as listed in Table 4.

I1I. Amino Acid and Nucleotide Sequences Used in
Assays

tRNA Sequences that Interact with the tRNA Synthetase-
C10-AMP Complex

Transfer RN As (tRNAs) translate mRNA into a protein on
a ribosome. Each transfer RNA contains an anti-codon
region that hybridizes with mRNA, and an amino acid which
may be attached to the growing peptide. The structural gene
of tRNA is about 72 to 90 nucleotides long and folds into a
cloverleaf structure (Sharp S. J., Schaack J., Coolen L.,
Burke D. J. and Soll D., “Structure and transcription of
eukaryotic tRNA genes”, Crit. Rev. Biochem, 19:107 144
(1985); Geiduschek E. O., and Tocchini-Valentini, *“Tran-
scription by RNA polymerase I1I”, Annu. Rev. Biochem.
57:873 914 (1988)).

In one embodiment, C10 contacts AMP and a tRNA
synthetase, and the tRNA synthetase in turn contacts a tRNA
molecule. In another embodiment, C10 contacts AMP from
the tRNA molecules and a tRNA synthetase. The nucleotide
sequence of the tRNA molecule can be determined by the
identity of the tRNA synthetase involved. For example, for
leucyl tRNA synthetase, the cognate tRNA molecule bound
will be tRNA-leucine (SEQ ID NO: 3), but a noncognate
tRNA, such as isoleucine, (SEQ ID NO: 4) may be bound
under certain conditions. In this and other embodiments, the
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term “noncognate” is meant to encompass both the singular
and plural forms of the word, i.e. the phrase *“noncognate
amino acid” comprises one or more amino acids.

SEQ ID NO: 3 corresponds to the nucleotide sequence of
the tRNA-Leu gene from Saccharomyces cerevisiae:
gggagittgg ccgagtggtt taaggegtca gatttagget ctgatatctt cggat-
gcaagggttcgaatc ccttagetct cacca

SEQ ID NO: 4 corresponds to the nucleotide sequence of
the tRNA-Ile gene from Saccharomyces cerevisiae: gaaac-
tataa ttcaattggt tagaatagta ttttgataag gtacaaatat aggttcaatc
cctgttagtt tcatcca

Polypeptides Used in Binding and Inhibition Assays

In some binding and inhibition assays, it is more effective
to use a portion of a tRNA synthetase molecule rather than
the whole protein itself. In such assays, polypeptides derived
from tRNA synthetases are used in the experiment.

In one preferred embodiment, polypeptide fragments cor-
responding to the editing domain of a tRNA synthetase
molecule are used in assay and binding experiments. Two
such fragments are represented by SEQ ID NO: 1 and SEQ
ID NO:2.

SEQ ID NO 1:
TPQEYIGVKIEALEFADDAARKIIDSSSDLDKSKKFYFVAATLRPETMYGQ

TCCFVSPTIEYGIFDAGDSYFITTERAFKNMSYQKLTPKRGFYKPIVTVP
GKAP IGTKIHAPQSVYPELRILPMETVIATKGTGVVTCVPSNSPDDYITT
KDLLHKPEYYGIKPEWIDHEIVPIMHTEKYGDLTAKAIVEEKKIQSPKDK
NLLAEAKKIAYKEDYYTGTMI YGPYKGEKVEQAKNKVKADMIAAGEAFVY
NEPESQDP

SEQ ID NO 2:
MTPQEYIGVKIEALEPADDAAKI IDSSSDLDKSKKFYFVAATLRPETMYG

QTCCFVSPTIEYGIFDAGDSYFI TTERAFKNMSYQKLTPKRGFYKPIVTV
PGKAPIGTKIHAPQSVYPELRILPMETVIATKGTGVVTCVPSNSPDDYIT
TKDLLHKPEYYGIKPEWIDHEIVPIMHTEKYGDLTAKAIVEEKKIQSPKD
KNLLAEAKKIAYKEDYYTGTMIYGPYKGEKVEQAKNKVKADMIAAGEAFV

YNEPESQDPQDPNS SSVDKLAAALEHHHHH

IV. Methods for Inhibiting the Editing Domain of
tRNA Synthetase

According to another aspect of the invention, a method for
binding to and/or inhibiting the editing domain of a tRNA
synthetase is provided which comprises contacting a tRNA
synthetase with a compound that inhibits the editing domain
under the conditions in which the tRNA synthetase interacts
with its substrate to form an aminoacyl adenylate interme-
diate and, preferably, to form a charged tRNA. Such con-
ditions are known to those skilled in the art. In an exemplary
embodiment, the compound is one described herein. The
tRNA synthetase is contacted with an amount of inhibitor
sufficient to result in a detectable amount of tRNA syn-
thetase inhibition. This method can be performed on a tRNA
synthetase that is contained within an organism or which is
outside an organism. In an exemplary embodiment, the
method is performed on a tRNA synthetase that is contained
within a microorganism or a microbial cell that is in, or on
the surface of, a human or an animal. The method results in
a decrease in the amount of charged tRNA produced by the
tRNA synthetase that has an inhibited editing domain. In an
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exemplary embodiment, the inhibition takes place in a cell,
such as a microbial cell. In another exemplary embodiment,
the microbial cell is a bacteria, fungus, yeast or parasite. In
another exemplary embodiment, the tRNA synthetase is a
mitochondrial tRNA synthetase or a cytoplasmic tRNA
synthetase.

In an exemplary embodiment, the invention provides a
method of inhibiting conversion of a tRNA molecule into a
charged tRNA molecule. The method involves contacting a
tRNA synthetase with a compound effective to inhibit activ-
ity of an editing domain of said tRNA synthetase, under
conditions sufficient to inhibit said activity, thereby inhibit-
ing said conversion wherein the compound is a member
selected from those compounds described herein. In an
exemplary embodiment, the compound is a member selected
from a cyclic boronic ester, cyclic borinic ester, 2'-amino
ribofuranose moiety and a 3'-amino ribofuranose moiety. In
an exemplary embodiment, the inhibition occurs within a
cell, and the cell is a microbial cell. In another exemplary
embodiment, the microbial cell is a member selected from a
bacteria, fungus, yeast, and parasite. In an exemplary
embodiment, the tRNA synthetase is a member selected
from a mitochondrial tRNA synthetase and a cytoplasmic
tRNA synthetase. In another exemplary embodiment, the
tRNA synthetase is a member selected from alanyl tRNA
synthetase, isoleucyl tRNA synthetase, leucyl tRNA syn-
thetase, methionyl tRNA synthetase, lysyl tRNA synthetase,
phenylalanyl tRNA synthetase, prolyl tRNA synthetase,
threonyl tRNA synthetase and valyl tRNA synthetase. In
another exemplary embodiment, the compound has a
Kp, ommesis Of greater than 100 uM against a synthetic
domamn of said tRNA synthetase.

In certain embodiments, the mechanism of action of the
compound is to inhibit the conversion of a tRNA molecule
into a charged tRNA molecule by binding to and/or inhib-
iting at least the editing domain of the synthetase. The
compounds of use in this method may also inhibit or
otherwise interact with the synthetic domain (e.g., the active
site of the synthetic domain). In a presently preferred
embodiment, the editing domain is inhibited selectively in
the presence of the synthetic domain. In a preferred embodi-
ment, the synthetic domain is essentially uninhibited, while
the editing domain is inhibited at least 50%, preferably at
least 60%, more preferably at least 70%, still more prefer-
ably, at least 80% and even still more preferably at least 90%
of the activity of the tRNA synthetase. In another preferred
embodiment, the synthetic domain is inhibited by at most
50%, preferably at most 30%, preferably at most 20%, 10%,
preferably at most 8%, more preferably at most 5%, still
more preferably, at most 3% and even still more preferably
at most 1%. Inhibition of the editing domain produces a
decrease in the amount of the properly charged tRNA which
results in retardation or cessation of cell growth and divi-
sion.

In another exemplary embodiment, the ratio of a mini-
mum concentration of said compound inhibiting said editing
domain to a minimum concentration of said compound
inhibiting said synthetic domain of said tRNA synthetase,
represented as Ky .4/Kp, symimessss 15 less than one. In
another exemplary embodiment, the K, ,4/Kp, s momens Of
the compound is a member selected from less than 0.5, less
than 0.1 and less than 0.05.

V. Methods of Inhibiting Microorganism Growth or
Killing Microorganisms

In a further aspect, the invention provides a method for
inhibiting the growth, or killing, a microorganism, prefer-
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ably a bacteria, fungus, virus, yeast or parasite, comprising
contacting the microorganism with an inhibitor of a tRNA
synthetase, e.g., a compound described by a formula listed
herein, under conditions which permit entry of the com-
pound into the organism. In a further aspect, the invention
provides a method for inhibiting the growth, or killing, a
microorganism, preferably a bacteria, fungus, virus, yeast or
parasite, comprising contacting the microorganism with a
compound which is a member selected from Formulae (1),
(1a), (Ib), (I¢), (1d) (Ie), (If), (Ig), (1h) (1i), 1j), (Ik), (1) (Im),
(In), (Io), (p) (q), (Ir), (Is), (1), (Iv), (Iv), (Iw), (Ix) (Iy),
(1z), (Iaa), (Iab), (lac), (lad), (1ae), (Iaf), (lag), (lah), (Iai),
(Taj), (Tak), (1), (11a), (IIb), (IIc), (11d), (1II), (V1II), (V1lla),
(VIIIb), (Vilc), (VIId), (Ville), (IX) e.g., a compound
described by a formula listed herein, under conditions which
permit entry of the compound into the organism. In a further
aspect, the invention provides a method for inhibiting the
growth, or killing, a microorganism, preferably a bacteria,
fungus, virus, yeast or parasite, comprising contacting the
microorganism with a compound which is described in
either FIG. 19 or FIG. 20 e.g., a compound described by a
formula listed herein, under conditions which permit entry
of the compound into the organism. In an exemplary
embodiment, the compound inhibits the tRNA synthetase
through the editing domain of the synthetase. Such condi-
tions are known to one skilled in the art and specific
conditions are set forth in the Examples appended hereto.
This method involves contacting a microbial cell with a
therapeutically-effective amount of an editing domain
inhibitor to inhibit tRNA synthetase in vivo or in vitro.

In another aspect, the invention provides a method of
inhibiting the growth of a microorganism, or killing a
microorganism, or both, comprising contacting the micro-
organism with a compound described herein. Microorgan-
isms are members selected from fungi, yeast, viruses, bac-
teria and parasites. In another exemplary embodiment, the
microorganism is inside, or on the surface of an animal. In
an exemplary embodiment, the animal is a member selected
from human, cattle, deer, reindeer, goat, honcy bee, pig,
sheep, horse, cow, bull, dog, guinea pig, gerbil, rabbit, cat,
camel, yak, elephant, ostrich, otter, chicken, duck, goose,
guinea fowl, pigeon, swan, and turkey. In another exemplary
embodiment, the animal is a human.

In an exemplary embodiment, the microorganism is a
member selected from a fungus and a yeast. In another
exemplary embodiment, the fungus or yeast is a member
selected from Candida species, Trichophyton species,
Microsporium species, Aspergillus species, Cryptococcus
species, Blastomyces species, Cocciodiodes species, Histo-
plasma species, Paracoccidioides species, Phycomycetes
species, Malassezia species, Fusarium species, Epidermo-
phyton species, Scytalidium species, Scopulariopsis species,
Alternaria species, Penicillium species, Phialophora spe-
cies, Rhizopus species, Scedosporium species and Zygomy-
cetes class. In another exemplary embodiment, the fungus or
yeast is a member selected from Aspergilus fumigatus (A.
fumigatus), Blastomyces dermatitidis, Candida Albicans (C.
albicans, both fluconazole sensitive and resistant strains),
Candida glabrata (C. glabrata), Candida krusei (C. krusei),
Cryptococcus neoformans (C. neoformans), Candida parap-
silosis (C. parapsilosis), Candida tropicalis (C. tropicalis),
Cocciodiodes immitis, Epidermophyton floccosum (E. floc-
cosum), Fusarium solani (F. solani), Histoplasma capsula-
tum, Malassezia furfur (M. furfur), Malassezia pachyder-
matis (M. pachydermatis), Malassezia sympodialis (M.
sympodialis), Microsporum audouinii (M. audouinii),
Microsporum canis (M. canis), Microsporum gypseum (M.
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gvpseum), Paracoccidioides brasiliensis and Phycomycetes
spp, ITrichophyton mentagrophytes (I. mentagrophytes),
Trichophyton rubrum (I. rubrum), Trichophyton tonsurans
(T. tonsurans). In another exemplary embodiment, the fun-
gus or yeast is a member selected from Trichophyton con-
centricum, T. violaceum, T. schoenleinii, T. verrucosum, T.
soudanense, Microsporum gypseum, M. equinum, Candida
guilliermondii, Malassezia globosa, M. obtuse, M. restricta,
M. slooffiae, and Aspergillus flavus. In another exemplary
embodiment, the fungus or yeast is a member selected from
dermatophytes, Trichophyton, Microsporum, Epidermophy-
ton and yeast-like fungi.

In an exemplary embodiment, the microorganism is a
bacteria. In an exemplary embodiment, the bacteria is a
gram-positive bacteria. In another exemplary embodiment,
the gram-positive bacteria is a member selected from
Staphylococcus species, Streptococcus species, Bacillus
species, Mycobacterium species, Corynebacterium species
(Propionibacterium species), Clostridium species, Actino-
myces species, Enterococcus species and Streptomyces spe-
cies. In another exemplary embodiment, the bacteria is a
gram-negative bacteria. In another exemplary embodiment,
the gram-negative bacteria is a member selected from Acine-
tobacter species, Neisseria species, Pseudomonas species,
Brucella species, Agrobacterium species, Bordetella spe-
cies, Escherichia species, Shigella species, Yersinia species,
Salmonella species, Klebsiella species, Enterobacter spe-
cies, Haemophilus species, Pasteurella species, Streptoba-
cillus species, spirochetal species, Campylobacter species,
Vibrio species and Helicobacter species. In another exem-
plary embodiment, the bacterium is a member selected from
Propionibacterium acnes; Staphylococcus aureus; Staphy-
lococcus epidermidis, Staphylococcus saprophyticus; Strep-
tococcus pyogenes; Streptococcus agalactiae; Streptococ-
cus pneumoniae; Enterococcus faecalis; Enterococcus
faecium,; Bacillus anthracis; Mycobacterium avium-intrac-
ellulare; Mycobacterium tuberculosis, Acinetobacter bau-
manii; Corynebacterium diphtheria; Clostridium perfrin-
gens;  Clostridium  botulinum;  Clostridium  tetani;
Clostridium difficile; Neisseria gonorrhoeae; Neisseria
meningitidis; Pseudomonas aeruginosa; Legionella pneu-
mophila; Escherichia coli; Yersinia pestis; Haemophilus
influenzae; Helicobacter pylori; Campylobacter fetus;
Campylobacter jejuni; Vibrio cholerae; Vibrio parahemo-
Iyticus; Treponema pallidum; Actinomyces israelii; Rickett-
sia prowazekii; Rickettsia rickettsii; Chlamydia trachoma-
tis; Chlamydia psittaci; Brucella abortus; Agrobacterium
tumefaciens; and Francisella tularensis.

In an exemplary embodiment, the microorganism is a
bacteria, which is a member selected from acid-fast bacte-
rium, including Mycobacterium species; bacilli, including
Bacillus species, Corynebacterium species (also Propioni-
bacterium) and Clostridium species; filamentous bacteria,
including Actinomyces species and Streptomyces species;
bacilli, such as Pseudomonas species, Brucella species,
Agrobacterium species, Bordetella species, Escherichia spe-
cies, Shigella species, Yersinia species, Salmonella species,
Klebsiella species, Enterobacter species, Haemophilus spe-
cies, Pasteurella species, and Streptobacillus species; spi-
rochetal species, Campylobacter species, Vibrio species; and
intracellular bacteria including Rickettsiae species and Chla-
mydia species.

In an exemplary embodiment, the microorganism is a
virus. In an exemplary embodiment, the virus is a member
selected from hepatitis A-B, human rhinoviruses, Yellow
fever virus, human respiratory coronaviruses, Severe acute
respiratory syndrome (SARS), respiratory syncytial virus,
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influenza viruses, parainfluenza viruses 1-4, human immu-
nodeficiency virus 1 (HIV-1), human immunodeficiency
virus 2 (HIV-2), Herpes simplex virus 1 (HSV-1), Herpes
simplex virus 2 (HSV-2), human cytomegalovirus (HCMV),
Varicella zoster virus, Epstein-Barr (EBV), polioviruses,
coxsackieviruses, echoviruses, rubella virus, neuroderma-
tropic virus, variola virus, papoviruses, rabies virus, dengue
virus, West Nile virus and SARS virus. In another exemplary
embodiment, the virus is a member selected from picorna-
viridae, flaviviridae, coronaviridae, paramyxoviridae,
orthomyxoviridae, retroviridae, herpesviridae and hepadna-
viridae. In another exemplary embodiment, the virus is a
member selected from a virus included in the following
table:

TABLE A
Viruses
Virus Category Pertinent Human Infections
RNA Viruses
Picomaviridee Polio
Human hepatitis A
Human rhinovirus
Togaviridae and Rubella - German measles
Flavivindae
Yellow fever
Coronaviridae Human respiratory coronavirus (HCV)
Severe acute respiratory syndrome (SAR)
Rhabdoviridae Lyssavirus - Rabies

Paramyxoviridae Paramyxovirus - Mumps

Morbillvirus - measles

Pneumovirus - respiratory syncytial virus
Orthomyxoviridae  Influenza A-C
Bunyaviridae Bunyavirus - Bunyamwera (BUN)
Hantavirus - Hantaan (HTN)
Naircvirus - Crimean-Congd hemorrhagic
fever (CCHF)
Phiebovirus - Sandfly fever (SFN)
Uukuvirus - Uukuniemi (UUK)
Rift Vallcy Fever (RVEN)
Junin - Argentine hemorrhagic fever
Machupo -Bolivian hemorrhagic fever
Lassa - Lassa fever
LCM - aseptic lymphocyctic choriomeningitis
Reoviridae Rotovirus
Reovirus
Orbivirus
Human immunodeficiency virus 1 (HIV-1)
Human immunodeficiency virus 2 (HIV-2)
Sirnian immunodeficiency virus (STV)

DNA Viruses

Arenaviridae

Retroviridae

Pediatric viruses that reside in kidney
Human respiratory distress and some deep-
scated eye infections

Human gastro-intestinal distress (Norwalk
Virus)

Herpes simplex virus 1 (HSV-1)

Herpes simplex virus 2 (HSV-2)

Human cytomegalovirus (HCMV)
Varicella zoster virus (VZV)

Epstein-Barr virus (EBV)

Human herpes virus 6 (HHV6)
Poxviridae Orthopoxvirus is sub-genus for smallpox
Hepadnaviridae Hepatitis B virus (HBV)

Hepatitis C virus (HCV)

Papovaviridae
Adenoviridac

Parvoviridae

Herpesviridae

In another exemplary embodiment, the microorganism is
a parasite. In an exemplary embodiment, the parasite is a
member selected from Plasmodium falciparum, P. vivax, P.
ovale P. malariae, P. berghei, Leishmania donovani, L.
infantum, L. chagasi, L. mexicana, L. amazonensis, L.
venezuelensis, L. tropics, L. major, L. minor, L. aethiopica,
L. Biana braziliensis, L. (V.) guvanensis, L. (V.) panamensis,
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L. (V) peruviana, Trypanosoma brucei rhodesiense, T. bru-
cei gambiense, T. cruzi, Giardia intestinalis, G. lambda,
Toxoplasma gondii, Entamoeba histolytica, Trichomonas
vaginalis, Pneumocystis carinii, and Cryptosporidium par-
vum.

V1. Methods of Treating or Preventing Infections

In another aspect, the invention provides a method of
treating or preventing an infection. The method includes
administering to the animal a therapeutically effective
amount of the compound of the invention, sufficient to treat
or prevent said infection. In an exemplary embodiment, the
compound is a compound described herein. In another
exemplary embodiment, the compound has a structure
according to Formulae (I) to (Iak) and (I1) to (XI). In another
exemplary embodiment, the compound has a structure
which is described in FIG. 19. In another exemplary
embodiment, the compound has a structure which is
described in FIG. 20. In another exemplary embodiment, the
animal is a member selected from human, cattle, deer,
reindeer, goat, honey bee, pig, sheep, horse, cow, bull, dog,
guinea pig, gerbil, rabbit, cat, camel, yak, elephant, ostrich,
otter, chicken, duck, goose, guinea fowl, pigeon, swan, and
turkey. In another exemplary embodiment, the animal is a
human. In another exemplary embodiment, the animal is a
member selected from a human, cattle, goat, pig, sheep,
horse, cow, bull, dog, guinea pig, gerbil, rabbit, cat, chicken
and turkcy. In another exemplary embodiment, the infection
is a member selected from a systemic infection, a cutaneous
infection, and an ungual, periungual or subungual infection.

In another exemplary embodiment, the treatment of a
disorder or condition occurs through inhibition of an editing
domain of an aminoacyl tRNA synthetase.

V1. a) Methods of Treating of Preventing Ungual and/or
Periungual Infections

In another aspect, the invention provides a method of
treating or preventing an ungual and/or periungual infection.
The method includes administering to the animal a thera-
peutically effective amount of a compound or pharmaceu-
tical formulation of the invention, sufficient to treat or
prevent said infection. In another exemplary embodiment,
the method includes administering the compound or phar-
maceutical formulation of the invention at a site which is a
member selected from the skin, nail, hair, hoof, claw and the
skin surrounding the nail, hair, hoof and claw.

VL. a) 1) Onychomycosis

Onychomycosis is a disease of the nail caused by yeast,
dermatophytes, or other molds, and represents approxi-
mately 50% of all nail disorders. Toenail infection accounts
for approximately 80% of onychomycosis incidence, while
fingemails are affected in about 20% of the cases. Dermato-
phytes are the most frequent cause of nail plate invasion,
particularly in toenail onychomycosis. Onychomycosis
caused by a dermatophyte is termed Tinea unguium.
Trichophyton rubrum is by far the most frequently isolated
dermatophyte, followed by I. mentagrophytes. Distal sub-
ungual onychomycosis is the most common presentation of
tinea unguium, with the main site of entry through the
hyponychium (the thickened epidermis underneath the free
distal end of a nail) progressing in time to involve the nail
bed and the nail plate. Discoloration, onycholysis, and
accumulation of subungual debris and nail plate dystrophy
characterize the disease. The disease adversely affects the
quality of life of its victims, with subject complaints ranging
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from unsightly nails and discomfort with footwear, to more
serious complications including secondary bacterial infec-
tions.

Many methods are known for the treatment of fungal
infections, including the oral and topical use of antibiotics
(e.g., nystatin and amphotericin B), imidazole anti-fungal
agents such as miconazole, clotrimazole, fluconazole, econ-
azole and sulconazole, and non-imidazole fungal agents
such as the allylamine derivatives terbinafine and naftifine,
and the benzylamine butenafine.

However, onychomycosis has proven to be resistant to
most treatments. Nail fungal infections reside in an area
difficult to access by conventional topical treatment and
anti-fungal drugs cannot readily penetrate the nail plate to
reach the infection sites under the nail. Therefore, onycho-
mycosis has traditionally been treated by oral administration
of anti-fungal drugs; however, clearly this is undesirable due
to the potential for side effects of such drugs, in particular
those caused by the more potent anti-fungal drugs such as
itraconazole and ketoconazole. An alternative method of
treatment of onychomycosis is by removal of the nail before
treating with a topically active anti-fungal agent; such a
method of treatment is equally undesirable. Systemic anti-
mycotic agents require prolonged use and have the potential
for significant side effects. Topical agents have usually been
of little benefit, primarily because of poor penetration of the
anti-fungal agents into and through the nail mass.

In an exemplary embodiment, the invention provides a
method of treating or preventing onychomycosis. The
method includes administering t0 a human or an animal a
therapeutically effective amount of a compound of the
invention, or a pharmaceutical formulation of the invention,
sufficient to treat or prevent onychomycosis. In another
exemplary embodiment, the method includes administering
the pharmaceutical formulation of the invention at a site
which is a member selected from the skin, nail, hair, hoof,
claw and the skin surrounding the nail, hair, hoof and claw.
In another exemplary embodiment, the pharmaceutical for-
mulation includes a compound described herein. The
method includes administering to a human or an animal a
therapeutically effective amount of 1,3-dihydro-5-fluoro-1-
hydroxy-2,1-benzoxaborole, sufficient to treat or prevent
onychomycosis.

V1. a) 2) Other Unugal and Periungual Infections

In an exemplary embodiment, the invention provides a
method of treating or preventing an ungual or periungual
infection in a human or an animal. This method comprising
administering to the human or the animal a therapeutically
effective amount of a compound of the invention, thereby
treating or preventing the ungual or periungual infection. In
an exemplary embodiment, the ungual or periungual infec-
tion is onychomycosis. In an exemplary embodiment, the
ungual or periungual infection is a member selected from:
onychomycosis, chloronychia, paronychias, erysipeloid,
onychorrhexis, gonorrhea, swimming-pool granuloma, larva
migrans, leprosy, Orf nodule, milkers’ nodules, herpetic
whitlow, acute bacterial perionyxis, chronic perionyxis,
sporotrichosis, syphilis, tuberculosis verrucosa cutis, tula-
remia, tungiasis, peri- and subungual warts, zona, nail
dystrophy (trachyonychia), and dermatological diseases
with an effect on the nails, such as psoriasis, pustular
psoriasis, alopecia aerata, parakeratosis pustulosa, contact
dermatosis, Reiter’s syndrome, psoriasiform acral dermati-
tis, lichen planus, idiopathy atrophy in the nails, lichin
nitidus, lichen striatus, inflammatory linear verrucous cpi-
dermal naevus (ILVEN), alopecia, pemphigus, bullous pem-
phigoid, acquired epidermolysis bullosa, Darier’s disease,
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pityriasis rubra pilaris, palmoplantar keratoderma, contact
eczema, polymorphic erythema, scabies, Bazex syndrome,
systemic scleroderma, systemic lupus erythematosus,
chronic lupus erytheraatosus, dermatomyositus.

The compounds and pharmaceutical formulations of the
invention useful for ungual and periungual applications also
find application in the cosmetics field, in particular for the
treatment of irregularities of the nails, koilonychias, Beau’s
lines, longitudinal ridging, ingrown nails.

In an exemplary embodiment, the infection is of the skin,
nail, hair, claw or hoof, hair, ear and eye and is a member
selected from Sporotrichosis, Mycotic keratitis, Extension
oculomycosis, Endogenous oculomycosis, Lobomycosis,
Mycetoma, Piedra, Pityriasis versicolor, Tinea corporis,
Tinea cruris, Tinea pedis, Tinea barbae, Tinea capitis, Tinea
nigra, Otomycosis, Tinea favosa, Chromomycosis, and
Tinea Imbricata. In an exemplary embodiment, the com-
pound useful for treating these infections is 1,3-dihydro-5-
fluoro-1-hydroxy-2,1-benzoxaborole.

V1. b) Methods of Treating Systemic Diseases

In another aspect, the invention provides a method of
treating a systemic disease. The method involves contacting
an animal with a compound of the invention. The method of
delivery for treatment of systemic disesases can be oral,
intravenous, transdermal, inhalation, intraperitoneal, and
subcutaneous. In an exemplary embodiment, the compound
administered is 1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzo-
xaborole.

In an exemplary embodiment, the infection is systemic
and is a member selected from candidiasis, aspergillosis,
coccidioidomycosis, cryptococcosis, histoplasmosis, blasto-
mycosis, paracoccidioidomycosis, zygomycosis, phaeohy-
phomycosis and rhinosporidiosis.

VI. ¢) Methods of Treating Diseases Involving Viruses

The compounds of the invention are useful for the treat-
ment of diseases of both animals and humans, involving
viruses. In an exemplary embodiment, the disease is a
member selected from hepatitis A-B-C, yellow fever, respi-
ratory syncytial, influenza, AIDS, herpes simplex, chicken
pox, varicella zoster, and Epstein-Barr disease.

V1. d) Methods of Treating Diseases Involving Parasites

The compounds of the invention are useful for the treat-
ment of diseases of both animals and humans, involving
parasites. In an exemplary embodiment, the disease is a
member selected from malaria, Chagas” disease, Leishma-
niasis, African sleeping sickness (African human trypano-
somiasis), giardiasis, toxoplasmosis, amebiasis and cryp-
tosporidiosis.

In any of the methods according to the present invention
set forth above, it is preferred that the aminoacyl tRNA
synthetase is an aminoacyl tRNA synthetase comprising an
editing domain. The editing domain is encoded by a portion
of the aminoacyl tRNA synthetase involved in proofreading.
The editing domain is preferably encoded by a DNA portion
having at least conserved residues compared after alignment
with the editing site of the leucyl-tRNA synthetase, valyl-
tRNA synthetase and isoleucyl-tRNA synthetase. More pref-
erably the synthetase is selected from the group consisting of
the valyl-tRNA synthetase, isoleucyltRNA synthetase,
leucyl-tRNA synthetase, alanyl-tRNA synthetase, prolyl-
tRNA synthetase, threonyl-tRNA synthetase, phenyl-tRNA
synthetase and lysyl-tRNA synthetase which are known to
have an editing site or domain (see for le R S Baldwin, A.
N. and Berg, P. (1966) J. Biol. Chem. 241, 839-845 and
Eldred, E. W. and Schimmel], P. R. (1972) J. Biol. Chem.
247, 2961-2964; for Val R S, Fersht, A. R. and Kaethner, M.
M. (1976) Biochemistry. 15 (15), 3342-3346; for Leu R S,
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English, S. et al., (1986) Nucleic Acids Research. 14 (19),
7529-7539; for AlaR S, Tsui, W. C. and Fersht, A. R. (1981)
Nucleic Acids Research. 9, 7529-7539; for Pro R S, Beun-
ing, P. J. and Musier-Forsyth, K. (2000) PNAS. 97 (16),
8916-8920; for Thr R S, Sankaranarayanan, R. et al., (2000)
Nat. Struct. Biol. 7, 461-465 and Musier-Foryth, K. and
Beuning, P. J. (2000) Nat. Struct. Biol. 7, 435-436; for
PheRS, Yarus, M. (1972) PNAS. 69, 1915-1919 and for
LysRS, Jakubowski, H. (1997) Biochemistry. 36, 11077-
1108S.

VII. Methods of Nail Penetration

It is believed that poor penetration of the active agent
through the hoof or nail plate and/or excessive binding to
keratin, (the major protein in nails and hair) are the reasons
for the poor efficacy of 8% ciclopirox w/w in commercial
lacquer and other topical treatments that have failed in
clinical trials. In mild cases of onychomycosis, the patho-
genic fungi reside in the nail plate only. In moderate to
severe cases the pathogenic fungi establish a presence in the
nail plate and in the nail bed. If the infection is cleared from
the nail plate but not from the nail bed, the fungal pathogen
can re-infect the nail plate. Therefore, to effectively treat
onychomycosis, the infection must be eliminated from the
nail plate and the nail bed. To do this, the active agent must
penetrate and disseminate substantially throughout the nail
plate and nail bed.

It is believed that in order for an active agent to be
effective once disseminated throughout the infected area, it
must be bioavailable to the fungal pathogen and cannot be
so tightly bound to keratin that the drug cannot inhibit
growth or kill the infecting fungi.

An understanding of the morphology of the nail plate
suggests certain physicochemical properties of an active
agent that would facilitate penetration of the nail plate. The
desired physicochemical properties are described through-
out. The tested compounds of the present invention are able
to penetrate the nail plate and were also active against
Trichophyton rubrum and mentagrophytes and other species.
In addition, the tested compounds are also active against
Trichophyton rubrum in the presence of 5% keratin powder.

In an exemplary embodiment, the invention provides a
method of killing or inhibiting growth of a microorganism
present in a human nail unit, wherein said human nail unit
comprises a nail plate. The method comprising contacting a
dorsal layer of the nail plate with a compound capable of
penetrating the nail plate, traveling through the nail plate to
a nail bed underlying said nail plate, and contacting said
microorganism, under conditions sufficient for said com-
pound to penetrate said nail plate. In this embodiment, the
compound has a molecular weight of between about 100 Da
and about 200 Da, a log P value of between about 1.0 and
about 2.6, a water solubility greater than about 0.1 mg/mL
octanol/saturated water, and an MIC of less than 16 pg/mL
against said microorganism, thereby killing or inhibiting the
growth of said microorganism.

In an exemplary embodiment, the compound has a struc-
ture according to Formula (I) described herein. In another
exemplary embodiment, the compound has a structure
according to Formula (la)-(1aa) described herein. In another
exemplary embodiment, the compound has a structure
according to a member selected from Formula (I)-(laa),
wherein R®?, R'%, R''“ and R'?* are members indepen-
dently selected from members independently selected from
H, halogen, cyano, nitro, substituted or unsubstituted
methoxy, substituted or unsubstituted methyl, substituted or
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unsubstituted ethoxy, substituted or unsubstituted ethyl, tri-
fluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted phenyloxy, substituted or unsub-
stituted phenyl methoxy, substituted or unsubstituted thio-
phenyloxy, substituted or unsubstituted pyridinyloxy, sub-
stituted or unsubstituted pyrimidinyloxy, substituted or
unsubstituted benzylfuran, substituted or unsubstituted
methylthio, substituted or unsubstituted mercaptomethyl,
substituted or unsubstituted mercaptoalkyl, substituted or
unsubstituted phenylthio, substituted or unsubstituted thio-
phenylthio, substituted or unsubstituted pheny! methylthio,
substituted or unsubstituted pyndinylthio, substituted or
unsubstituted pyrimidinylthio, substituted or unsubstituted
benzylthiofuranyl, substituted or unsubstituted phenylsulfo-
nyl, substituted or unsubstituted benzylsulfonyl, substituted
or unsubstituted phenylmethylsulfonyl, substituted or
unsubstituted thiophenylsulfonyl, substituted or unsubsti-
tuted pyridinylsulfonyl, substituted or unsubstituted pyrim-
idinylsulfonyl, substituted or unsubstituted sulfonamidyl,
substituted or unsubstituted phenylsulfinyl, substituted or
unsubstituted benzylsulfinyl, substituted or unsubstituted
phenylmethylsulfinyl, substituted or unsubstituted thiophe-
nylsulfinyl, substituted or unsubstituted pyridinylsulfinyl,
substituted or unsubstituted pyrimidinylsulfinyl, substituted
or unsubstituted amino, substituted or unsubstituted alky-
lamino, substituted or unsubstituted dialkylamino, substi-
tuted or unsubstituted trifluoromethylamino, substituted or
unsubstituted aminomethyl, substituted or unsubstituted
alkylaminomethyl, substituted or unsubstituted dialkylam-
inomethyl, substituted or unsubstituted arylaminomethyl,
substituted or unsubstituted benzylamino, substituted or
unsubstituted phenylamino, substituted or unsubstituted
thiophenylamino, substituted or unsubstituted pyridi-
nylamino, substituted or unsubstituted pyrimidinylamino,
substituted or unsubstituted indolyl, substituted or unsubsti-
tuted morpholino, substituted or unsubstituted alkylamido,
substituted or unsubstituted arylamido, substituted or unsub-
stituted ureido, substituted or unsubstituted carbamoyl, and
substituted or unsubstituted piperizinyl. In another exem-
plary embodiment, R%, R!%?, R''# and R'?* are members
independently selected from H, fluoro, chloro, bromo, nitro,
cyano, amino, methyl, hydroxylmethyl, trifluoromethyl,
methoxy, trifluoromethyoxy, ethyl, diethylcarbamoyl, pyri-
din-2-yl, pyridin-3-yl, pynidin-4-yl, pyrimidinyl, piperizino,
piperizinyl, piperizinocarbonyl, piperizinylcarbonyl, car-
boxyl, 1l-tetrazolyl, 1-ethoxycarbonylmethoxy, car-
boxymethoxy, thiophenyl, 3-(butylcarbonyl) phenyl-
methoxy, 1H-tetrazol-S-yl, 1-ethoxycarbonylmethyloxy-,
1-ethoxycarbonylmethyl-, 1-ethoxycarbonyl-, car-
boxymethoxy-, thiophen-2-yl, thiophen-2-ylthio-, thiophen-
3-yl, thiophen-3-ylthio, 4-flucrophenylthio, butylcarbonyl-
phenylmethoxy, butylcarbonylphenylmethyl,
butylcarbonylmethyl,  1-(piperidin-1-yl)carbonyl)methyl,
1-(piperidin-1-yl)carbonyl)methoxy, 1-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-
yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-y!)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
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ethylthio)-1H-indol-1-yl,  benzylamino,
(phenylthio)-1H-indol-1-yl, 5-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  S-chloro-1H-indol-1-yl,
Schloro-3-(2-cyanoethylthio)-1H-indoi-1-yl)),  dibenzy-
lamino, benzylamino, 5-chloro-3-(phenylthio)-1H-indol-1-
y1)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-

S-methoxy-3-

nyl, 4-(1H-tetrazol-5-yl)phenylthio, 2-cyanophenoxy,
3cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3-chlorophenoxy,  4-chlorophenoxy,  2-fluorophenoxy,

3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, and 4-fluorobenzyloxy. In another exem-
plary embodiment, wherein R** is H and R'?* is H. In
another exemplary embodiment, the compound is 1,3-di-
hydro-5-fluoro-1-hydroxy-2,1-benzoxaborole.

In another exemplary embodiment, the invention provides
a method of treating a disease caused by a microorganism
present in a human nail unit, wherein said human nail unit
comprises a nail plate, said method comprising: contacting
a dorsal layer of the nail plate with a compound capable of
penetrating the nail plate, traveling through the nail plate to
a nail bed underlying said nail plate, and contacting said
microorganism, under conditions sufficient for said com-
pound to penetrate said nail plate and to treat said disease.
In this embodiment, the compound has a molecular weight
of between about 100 Da and about 200 Da; a log P value
of between about 1.0 and about 2.6; a water solubility
greater than about 0.1 mg/ml. octanol/saturated water, and
an MIC of less than 16 pg/mlL against said microorganism,
thereby treating said disease. In an exemplary embodiment,
the compound has a structure according to Formula (I)
described herein. In another exemplary embodiment, the
compound has a structure which is a member selected from
Formula (Ia)-(Iaa) described herein.

In another aspect, the invention provides a method of
delivering a compound from the dorsal layer of the nail plate
to the nail bed. This method comprises contacting the cell
with a compound capable of penetrating the nail plate, under
conditions sufficient to penetrate the nail. The compound has
a molecular weight of between about 100 and about 200 Da.
The compound also has a log P value of between about 1.0
and about 2.6. The compound additionally has a water
solubility between about 0.1 mg/mL and 1 g/mL octanol/
saturated water, thereby delivering said compound.

In a preferred embodiment, the physicochemical proper-
ties of the compound of the invention, described by quan-
tities predictive for migration of the compound through the
nail plate, including, but not limited to, molecular weight,
log P and solubility in water, and the like, are effective to
provide substantial penetration of the nail plate.

Compounds with a molecular weight of less than 200 Da
penetrate the nail plate in a manner superior to the commer-
cially available treatment for onychomycosis. In one
embodiment of the present invention the compound has a
moiecular weight of between 130 and 200. In another
embodiment of this invention, the compound has a molecu-
lar weight of from about 140 to about 200 Da. In another
embodiment of this invention, the compound has a molecu-
lar weight of from about 170 to about 200 Da. In another
embodiment of this invention, the compound has a molecu-
lar weight of from about 155 to about 190 Da. In another
cmbodiment of this invention, the compound has a molecu-
lar weight of from about 165 to about 185 Da. In another
embodiment of this invention, the compound has a molecu-
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lar weight of from about 145 to about 170 Da. In yet another
embodiment the molecular weight is either 151.93 or 168.39
Da.

In one embodiment of the present invention the com-
pound has a log P value of between about -3.5 to about 2.5.
In another exemplary embodiment, the compound has a log
P value of from about -1.0 to about 2.5. In another exem-
plary embodiment, the compound has a log P value of from
about -1.0 to about 2.0. In another exemplary embodiment,
the compound has a log P value of from about -0.5 to about
2.5. In another exemplary embodiment, the compound has a
log P value of from about -0.5 to about 1.5. In another
exemplary embodiment, the compound has a log P value of
from about 0.5 to about 2.5. In another exemplary embodi-
ment, the compound has a log P value of from about 1.0 to
about 2.5. In yet another exemplary embodiment, the com-
pound has a log P value of 1.9 or 2.3.

Also contemplated by the present invention is a com-
pound with a log P value less then 2.5, with a molecular
weight less than 200 Da, that are still able to penetrate the
nail plate.

In one embodiment of the present invention the com-
pound has a water solubility between about 0.1 mg/ml to 1
g/mL in octanol saturated water. In one embodiment of the
present invention the compound has a water solubility of
between 0.1 mg/ml and 100 mg/mL. In another embodi-
ment of this invention, the compound has a water solubility
of from about 0.1 mg/ml. and 10 mg/ml. In another
embodiment of this invention, the compound has a water
solubility of from about 0.1 mg/ml and 1 mg/mL. In another
embodiment of this invention, the compound has a water
solubility of from about 5 mg/ml. and 1 g/mL. In another
embodiment of this invention, the compound has a water
solubility of from about 10 mg/mL and 500 g/mL. In another
embodiment of this invention, the compound has a water
solubility of from about 80 mg/mL and 250 mg/mL..

In an exemplary embodiment, the present invention pro-
vides a compound with a log P value selected from a range
above, with a molecular weight selected from a range above,
that are still able to penetrate the nail plate.

In an exemplary embodiment, the present invention pro-
vides compounds with a molecular weight selected from a
range abovc, with a water solubility selected from a range
above, that are still able to penetrate the nail plate.

In an exemplary embodiment, the present invention pro-
vides compounds with a log P selected from a range above,
with a water solubility selected from a range above, that are
still able to penetrate the nail plate.

In an exemplary embodiment, the present invention pro-
vides compounds with a molecular weight selected from a
range above, with a log P selected from a range above, and
with a water solubility selected from a range above, that are
still able to penetrate the nail plate.

Penetration of the nail by the active ingredient may be
effected by the polarity of the formulation. However, the
polarity of the formulation is not expected have as much
influence on nail penetration as some of the other factors,
such as the molecular weight or the log P of the active
ingredient. The presence of penetration enhancing agents in
the formulation is likely to increase penetration of the active
agent when compared to similar formulations containing no
penetration enhancing agent.
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Some examples of molecules with optimal physicochemi-
cal properties are given in the table below.

Structure:
(I)H ?H
B B
\ \
6] o]
F (&)
(compound 1) (compound 2)
Formula: C;H¢BFO, C,HgBCIO,
Molccular weight 151.93 168.39
(Da):
Plasma protein 66 83
binding (%):
LogP: 1.9 2.3
Water solubility >100 >100
(ug/mL):

Compound 3 below is an example of a compound similar
in molecular weight to ciclopirox, and like ciclopirox,
penetrates the nail plate poorly.

Structure:
A
o]
F

(compound 3)
Formula: C,3H,,BFO
Molecular weight (Da): 212.03
Plasma protein binding (%): 100
cLogP: 3.55

Water solubility (ug/mL): not determined

In a preferred embodiment the topical formulations
including a compound described herein has a total molecular
weight of less than 200 Da, has a Log P of less than 2.5, and
a minimum inhibitory concentration against Trichophyton
rubrum that is substantially unchanged in the presence of
5% keratin.

The efficacy coeflicient (defined as flux over MIC) of a
compound also informs one of skill regarding whether the
compound may be effective in killing a microorganism,
inhibiting the growth of a microorganism, or treating a
disease which is caused by a microorganism present in a
human nail unit, wherein said human nail unit comprises a
nail plate. The method comprises: contacting a dorsal layer
of the nail plate with a compound capable of penetrating the
nail plate, traveling through the nail plate to a nail bed
underlying said nail plate, and contacting said microorgan-
ism, under conditions sufficient for said compound to pen-
etrate said nail plate and to treat said disease, wherein the
compound has an efficacy coefficient above 10.

In an exemplary embodiment, the compound has an
efficacy coefficient between about 10 and about 1000. In an
exemplary embodiment, the compound has an efficacy coef-
ficient between about 30 and about 100. In an exemplary
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embodiment, the compound has an efficacy coefficient
between about 100 and about 500. In an exemplary embodi-
ment, the compound has an efficacy coeflicient between
about 25 and about 200.

This invention is still further directed to methods for
treating a fungal infection mediated at least in part by
dermatophytes, Trichophyton, Microsporum or Epidermo-
phyton species, or a yeast-like fungi including Candida
species, in a human or an animal, which methods comprise
administering to a human or an animal, that has been
diagnosed with said fungal infection or is at risk of devel-
oping said fungal infection, a pharmaceutical composition
comprising a pharmaceutically acceptable diluent and a
therapeutically effective amount of a compound described
herein or mixtures of one or more of such compounds. In one
embodiment the infection is onychomycosis.

Compounds contemplated by the present invention may
have broad spectrum antifungal activity and as such may be
candidates for use against other cutaneous fungal infections.

The methods provided in this aspect of the invention are
useful in the penetration of nails and hoofs, as well as the
treatment of ungual and periungual conditions.

VIII. Pharmaceutical Formulations

In another aspect, the invention is a pharmaceutical for-
mulation which includes: (a) a pharmaceutically acceptable
excipient; and (b) a compound of the invention. In another
aspect, the invention is a pharmaceutical formulation which
includes: (a) a pharmaceutically acceptable excipient; and
(b) a compound having a structure which is a member
selected from Formulae (1), (Ia), (Ib), (Ic), (1d) (le), 1f), (g),
(Ih) i), (1), (Ik), (1) (Im), (In), (o), (p) (1q), {r), (Is), (It),
(Iw), Av), Aw), (Ix) dy), (I2), (1aa), (1ab), (lac), (Iad), (lae),
(1af), (lag), (lah), (lai), (laj), (Iak), (11), (Ila), (1Ib), (lic),
(1Id), (III). In another aspect, the invention is a pharmaceu-
tical formulation which includes: (a) a pharmaceutically
acceptable excipient; and (b) a compound which has a
structure according to Formulae (VIII), (VIIla), (VIiIb),
(VHIc), (VIIId), (VIlle). In another aspect, the invention is
a pharmaceutical formulation which includes: (a) a pharma-
ceutically acceptable excipient; and (b) a compound which
has a structure which is a member selected from D1-D19,
EI-E19, (VIID), (V1lIa), (VIIIb), (V1IIc), (VIIId), (V1lle). In
another aspect, the invention is a pharmaceutical formula-
tion which includes: (a) a pharmaceutically acceptable
excipient; and (b) a acyclic boronic ester of the invention. In
an exemplary embodiment, the compound is described in
FIG. 19. In another exemplary embodiment, the compound
is described in FIG. 20. In another exemplary embodiment,
the invention is a pharmaceutical formulation which
includes: (a) a pharmaceutically acceptable excipient; and
(b) a acyclic boronic ester of the invention.

In another aspect, the invention is a pharmaceutical for-
mulation comprising: (a) a pharmaceutically acceptable
excipient; and (b) a compound having a structure according
to Formula I:

O

Rla
(I)/

G. B
@
D W

~NE N
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wherein B is boron. R'? is a member selected from a
negative charge, a salt counterion, H, cyano, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. M is a member
selected from oxygen, sulfur and NR*%. R* is a member
selected from H, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted hetercaryl. J is a member selected from
(CR*R*),, and CR*. R?®, R*, and R*® are members
independently selected from H, halogen, cyano, substituted
or unsubstituted alkyl, substituted or unsubstituted het-
eroalkyl, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubsti-
tuted aryl, and substituted or unsubstituted heteroaryl. The
index nl is an integer selected from 0 to 2. W is a member
selected from C=0 (carbonyl), (CR®*R"),,, and CR®4. R%4,
R7%, and R®** are members independently selected from H,
halogen, cyano, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. The index m1 is an integer selected
from 0 and 1. A is a member selected from CR*® and N. D
is a member selected from CR'®* and N. E is a member
selected from CR'!'* and N. G is a member selected from
CR!?# and N. R*, R'®, R!!? and R'?* are members inde-
pendently selected from H, OR*, NR*R**, SR*, —S(O)R*,
—S(O),R*, —S(O),NR*R**, —C(O)R*, —C(O)OR*,
—C(O)NR*R**  nitro, halogen, cyano, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted orunsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. Each R* and
R** are members independently selected from H, substi-
tuted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. The combination of nitrogens (A+D+E+G) is an
integer selected from O to 3. A member selected from R32,
R*? and R>? and a member selected from R°?, R7 and R®?,
together with the atoms to which they are attached, are
optionally joined to form a 4 to 7 membered ring. R>** and
R*?, together with the atoms to which they are attached, are
optionally joined to form a 4 to 7 membered ring. R%* and
R7%, together with the atoms to which they are attached, are
optionally joined to form a 4 to 7 membered ring. R®? and
R'9@ together with the atoms to which they are attached, are
optionally joined to form a 4 to 7 membered ring. R'°* and
R!! together with the atoms to which they are attached, are
optionally joined to form a 4 to 7 membered ring. R'!* and
R'?2, together with the atoms to which they are attached, are
optionally joined to form a 4 to 7 membered ring.
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In another exemplary embodiment, there is a proviso that
the compound cannot have a structure according to Formula

(Ix):

Ix)

O/Rlb
16 /
R B\
O
Rlo¥
H
R

wherein R7? is a member selected from H, methyl, ethyl and
phenyl. R!°® is a member selected from H, OH, NH,, SH,
halogen, substituted or unsubstituted phenoxy, substituted or
unsubstituted phenylalkyloxy, substituted or unsubstituted
phenylthio and substituted or unsubstituted phenylalkylthio.
R!'® is a member selected from H, OH, NH,, SH, methyl,
substituted or unsubstituted phenoxy, substituted or unsub-
stituted phenylalkyloxy, substituted or unsubstituted phenyl-
thio and substituted or unsubstituted phenylalkylthio. In
another exemplary embodiment, there is a proviso that the
compound cannot have a structure according to Formula (Ix)
wherein R'® is a member selected from a negative charge, H
and a salt counterion. In another exemplary embodiment,
there is a proviso that the compound cannot have a structure
according to Formula (Ix) wherein R'% and R'!® are H. In
another exemplary embodiment, there is a proviso that the
compound cannot have a structure according to Formula (Ix)
wherein one member selected from R'% and R!!? is H and
the other member selected from R'°* and R''? is a member
selected from halo, methyl, cyano, methoxy, hydroxymethyl
and p-cyanophenyloxy. In another exemplary embodiment,
there is a proviso that the compound cannot have a structure
according to Formula (Ix) wherein R'°® and R*'? are mem-
bers independently selected from fluoro, chloro, methyl,
cyano, methoxy, hydroxymethyl, and p-cyanopheny!. In
another exemplary embodiment, there is a proviso that the
compound cannot have a structure according to Formula (Ix)
wherein R'® is a member selected from a negative charge, H
and a salt counterion; R”% is H; R'°? is F and R'!? is H. In
another exemplary embodiment, there is a proviso that the
compound cannot have a structure according to Formula (Ix)
wherein R*'® and R!2%, along with the atoms to which they
are attached, are joined to form a phenyl group. In another
exemplary embodiment, there is a proviso that the com-
pound cannot have a structure according to Formula (Ix)
wherein R'® is a member selected from a negative charge, H
and a salt counterion; R7® is H; R!% is 4-cyanophenoxy; and
R'*®is H.

In another exemplary embodiment, there is a proviso that
the compound cannot have a structure according to Formula

(Iy)

(y)
O/Rlb

Rloe
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wherein R'°? is a member selected from H, halogen, CN and
substituted or unsubstituted C, , alkyl.
In an exemplary embodiment, the pharmaceutical formu-
lation comprises a compound that has a structure according
to Formula (la):

(Ia)
120 o— R”’.
R\e B
\
(o]
RlOb R
R9a R‘d

In another exemplary embodiment, each R*? and R*? is a
member independently selected from H, cyano, substituted
or unsubstituted methyl, substituted or unsubstituted ethyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalkyl, substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethyl, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl and substituted or unsubstituted
amido. In another exemplary embodiment, each R** and R**
is a member independently selected from cyano, substituted
or unsubstituted methyl, substituted or unsubstituted ethyl,
trifluoromethyl, substituted or unsubstituted hydroxymethyl,
substituted or unsubstituted hydroxyalkyl, substituted or
unsubstituted benzyl, substituted or unsubstituted phenyl,
substituted or unsubstituted mercaptomethyl, substituted or
unsubstituted mercaptoalky], substituted or unsubstituted
aminomethyl, substituted or unsubstituted alkylaminom-
ethyl, substituted or unsubstituted dialkylaminomethyl, sub-
stituted or unsubstituted arylaminomethyl, substituted or
unsubstituted indolyl, substituted or unsubstituted amido.

In another exemplary embodiment, each R*? and R*? is a
member selected from H, substituted or unsubstituted
methyl, substituted or unsubstituted ethyl, substituted or
unsubstituted propyl, substituted or unsubstituted isopropyl,
substituted or unsubstituted butyl, substituted or unsubsti-
tuted t-butyl, substituted or unsubstituted phenyl and sub-
stituted or unsubstituted benzyl. In another exemplary
embodiment, R*® and R*® is a member selected from methyl,
ethyl, propyl, isopropyl, butyl, t-butyl, phenyl and benzyl. In
another exemplary embodiment, R** is H and R** is a
member selected from methyl, ethyl, propyl, isopropyl,
butyl, t-butyl, phenyl and benzyl. In another exemplary
embodiment, R3“ is H and R*® H.

In another exemplary embodiment, R®%, R'°¢, R!** and
R'?2 is a member independently selected from H, OR®,
NR*R** SR*, —S(O)R*, —S(O),R*, —S(O),NR*R**,
—C(O)R*, —C(O)OR*, —C(O)NR*R**, halogen, cyano,
nitro, substituted or unsubstituted methoxy, substituted or
unsubstituted methyl, substituted or unsubstituted ethoxy,
substituted or unsubstituted ethyl, trifluoromethyl, substi-
tuted or unsubstituted hydroxymethyl, substituted or unsub-
stituted hydroxyalkyl, substituted or unsubstituted benzyl,
substituted or unsubstituted phenyl, substituted or unsubsti-
tuted phenyloxy, substituted or unsubstituted phenyl
methoxy, substituted or unsubstituted thiophenyloxy, sub-
stituted or unsubstituted pyridinyloxy, substituted or unsub-

15

20

25

30

35

45

S0

60

65

142

stituted pyrimidinyloxy, substituted or unsubstituted benzyl-
furan, substituted or unsubstituted methylthio, substituted or
unsubstituted mercaptomethyl, substituted or unsubstituted
mercaptoalkyl, substituted or unsubstituted phenylthio, sub-
stituted or unsubstituted thiophenylthio, substituted or
unsubstituted phenyl methylthio, substituted or unsubsti-
tuted pyridinylthio, substituted or unsubstituted pyrimidi-
nylthio, substituted or unsubstituted benzylthiofuranyl, sub-
stituted or unsubstituted phenylsulfonyl, substituted or
unsubstituted benzylsulfonyl, substituted or unsubstituted
phenylmethylsulfonyl, substituted or unsubstituted thiophe-
nylsulfonyl, substituted or unsubstituted pyridinylsulfonyl,
substituted or unsubstituted pyrimidinylsulfonyl, substituted
or unsubstituted sulfonamidyl, substituted or unsubstituted
phenylsulfiny], substituted or unsubstituted benzylsulfinyl,
substituted or unsubstituted phenylmethylsulfinyl, substi-
tuted or unsubstituted thiophenylsulfinyl, substituted or
unsubstituted pyridinylsulfinyl, substituted or unsubstituted
pyrimidinylsulfinyl, substituted or unsubstituted amino, sub-
stituted or unsubstituted alkylamino, substituted or unsub-
stituted dialkylamino, substituted or unsubstituted trifluo-
romethylamino, substituted or unsubstituted aminomethyl,
substituted or unsubstituted alkylaminomethyl, substituted
or unsubstituted dialkylaminomethyl, substituted or unsub-
stituted arylaminomethyl, substituted or unsubstituted ben-
zylamino, substituted or unsubstituted phenylamino, substi-
tuted or unsubstituted thiophenylamino, substituted or
unsubstituted pyridinylamino, substituted or unsubstituted
pyrimidinylamino, substituted or unsubstituted indolyl, sub-
stituted or unsubstituted morpholino, substituted or uasub-
stituted alkylamido, substituted or unsubstituted arylamido,
substituted or unsubstituted ureido, substituted or unsubsti-
tuted carbamoyl, and substituted or unsubstituted piperiz-
inyl. In an exemplary embodiment, R>*, R'°*, R'!“ and R'**
are selected from the previous list of substituents with the
exception of —C(O)R*, —C(O)OR*, —C(O)NR*R**.

In another exemplary embodiment, R%%, R7%, R%¢, R!%,
R''“ and R'?>* are members independently selected from
fluoro, chloro, bromo, nitro, cyano, amino, methyl, hydrox-
ylmethyl, trifluoromethyl, methoxy, trifluoromethyoxy,
ethyl, diethylcarbamoyl, pyridin-2-yl, pyridin-3-yl, pyridin-
4-yl, pyrimidinyl, pipenizino, piperizinyl, piperizinocarbo-
nyl, piperizinylcarbonyl, carboxyl, 1-tetrazolyl, 1-ethoxy-
carbonylmethoxy, carboxymethoxy, thiophenyl,
3-(butylcarbonyl) phenylmethoxy, 1H-tetrazol-5-yl,
1-cthoxycarbonylmethyloxy-, 1-ethoxycarbonylmethyl-,
1-ethoxycarbonyl-, carboxymethoxy-, thiophen-2-yl, thio-
phen-2-ylthio-, thiophen-3-yl, thiophen-3-ylthio, 4-fluoro-
phenylthio, butylcarbonylphenylmethoxy, butylcarbonyl-
phenylmethyl, butylcarbonylmethyl, 1-(piperidin-1-yl)
carbonyl)methyl, 1-(piperidin-1-yl)carbonyl)methoxy,
1-(piperidin-2-yl)carbonyl)methoxy, 1-(pipenidin-3-yl)car-
bonyl)methoxy, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbo-
nyl)methoxy, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbonyl)
methyl, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-
(pyrimidin-2-yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)
piperazin-1-yl)carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino, 5-methoxy-3-
(phenylthio)-1H-indol-1-yl, 5-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  S-chloro-1H-indol-1-yl,
5-chloro-3-(2-cyanoethylthio)-1H-indol-1-y1)),  dibenzy-
lamino, benzylamino, S-chioro-3-(phenylthio)-1H-indol-1-
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yl)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-
nyl, 4-(1H-tetrazol-5-yl)phenylthio,  2-cyanophenoxy,
3cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3chlorophenoxy, 4-chlorophenoxy,  2-fluorophenoxy,
3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, 4-fluorobenzyloxy, unsubstituted phe-
nyl, unsubstituted benzyl.

In an exemplary embodiment, the pharmaceutical formu-
lation comprises a compound that has a structure which is a
member according the following formulas:

(Ib)
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In an exemplary embodiment, the pharmaceutical formula-
tion comprises a compound that has a structure according to
one of Formulae 1-lo with substituent selections for R%?,
R'%? R''* and R'?? including all the possibilities contained
in paragraph 106 except for H. In an exemplary embodi-
ment, the pharmaceutical formulation comprises a com-
pound that has a structure according to one of Formulae
Ib-Io with substituent selections for R%%, R'°2 R'!? and R'2*
including all the possibilities contained in paragraph 107
except for H.

In an exemplary embodiment, the pharmaceutical formu-
lation comprises a compound that has a formula according
to Formulae (Ib)-(Ie) wherein Rla is a member selected from
H, a negative charge and a salt counterion and the remaining
R group (R**inIb, R'®®in Jc, R!'*in Id, and R'*? in le) is
a member selected from fluoro, chloro, bromo, nitro, cyano,
amino, methyl, hydroxylmethyl, trifluoromethyl, methoxy,
trifluoromethyoxy, ethyl, diethylcarbamoyl, pyridin-2-yl,
pyridin-3-yl, pyridin-4-yl, pyrimidinyl, piperizino, piperiz-
inyl, piperizinocarbonyl, piperizinylcarbonyl, carboxyl,
1-tetrazolyl, 1-ethoxycarbonylmethoxy, carboxymecthoxy,
thiophenyl, 3-(butylcarbonyl) phenylmethoxy, 1H-tetrazol-
5-yl, l-ethoxycarbonylmethyloxy-, 1-ethoxycarbonylm-
ethyl-, 1-ethoxycarbonyl-, carboxymethoxy-, thiophen-2-yl,
thiophen-2-ylthio-, thiophen-3-yl, thiophen-3-ylthio, 4-fluo-
rophenylthio, butylcarbonylphenyimethoxy, butylcarbonyl-
phenylmethyl, butylcarbonylmethyl, 1-(piperidin-1-yl)car-
bonyl)methyl, 1-(piperidin-1-yl)carbonyl)methoxy,
1-(piperidin-2-yl)carbonyl)methoxy, 1-(piperidin-3-yl)car-
bonyl)methoxy, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbo-
nyl)methoxy, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbonyl)
methyl, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-
(pyrimidin-2-yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)
piperazin-1-yl)carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-<(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino, S-methoxy-3-
(phenylthio)-1H-indol-1-yl, S-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)), ~ 5-chloro-1H-indol-1-yl,
5-chioro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, S-chloro-3-(phenylthio)-1H-indol-1-
y1)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-

nyl, 4-(1H-tetrazol-5-yl)phenylthio,  2-cyanophenoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenyithio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3chlorophenoxy,  4-chlorophenoxy, 2-fluorophenoxy,

3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy and 4-fluorobenzyloxy.

In an exemplary embodiment, the pharmaceutical formu-
Jation comprises a compound that has a formula according
to Formulae (If)-(Ik) wherein Rla is a member selected from
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H, a negative charge and a salt counterion and each of the
remaining two R groups (R?* and R!%“ in If, R%® and R!!¢ in
Ig, R°* and R'** in Th, R'° and R'*“ in i, R'** and R'** in
Ij, R"% and R*?* in Ik) is a member independently selected
from fluoro, chloro, bromo, nitro, cyano, amino, methyl,
hydroxylmethyl, trifluoromethyl, methoxy, trifluorom-
ethyoxy, ethyl, diethylcarbamoyl, pyridin-2-yl, pyridin-3-yl,
pyridin-4-yl, pyrimidinyl, piperizino, piperizinyl, piperiz-
inocarbonyl, piperizinylcarbonyl, carboxyl, 1-tetrazolyl,
1-ethoxycarbonylmethoxy, carboxymethoxy, thiophenyl,
3-(butylcarbonyl) phenylmethoxy, 1H-tetrazol-5-yl,
1-ethoxycarbonylmethyloxy-,  1-ethoxycarbonylmethyl-,
1-ethoxycarbonyl-, carboxymethoxy-, thiophen-2-yl, thio-
phen-2-ylthio-, thiophen-3-yl, thiophen-3-ylthio, 4-fluoro-
phenylthio, butylcarbonylphenylmethoxy, butylcarbonyl-
phenylmethyl, butylcarbonylmethyl, 1-(piperidin-1-yl)
carbonyl)methyl, 1-(piperidin-1-yl)carbonyl)methoxy,
1-(piperidin-2-yl)carbonyl)methoxy, 1-(piperidin-3-yl)car-
bonyl)methoxy, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbo-
nyl)methoxy, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbonyl)
methyl, 1-(4-(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-
(pyrimidin-2-yl)piperazin-1-yl, 1-(4-(pyridin-2-yl)
piperazin-1-yl)carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino, 5-methoxy-3-
(phenylthio)-1H-indol-1-yl, S-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  5-chloro-1H-indol-1-yl,
5-chloro-3-(2-cyanoethyithio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, S-chloro-3-(phenylthio)-1H-indo!-1-
y1)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-

nyl,  4-(1H-tetrazol-5-yl)phenylthio, = 2-cyanophenoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenyithio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3-chlorophenoxy, 4-chlorophenoxy, 2-fluorophenoxy,

3-fluorophenoxy, 4-fluorophenoxy, 2-cyanobenzyloxy,
3-cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-flucrobenzyloxy,
3-fluorobenzyloxy, and 4-fluorobenzyloxy.

In an exemplary embodiment, the pharmaceutical formu-
lation comprises a compound that has a formula according
to Formulae (11)-(Io) wherein R'? is a member selected from
H, a negative charge and a salt counterion and each of the
remaining three R groups (R%2, R!%2, R*!2 in (11), R®?, R!%?,
Rl2a in (Im), Rga’ Rl lat RlZa in (]n)’ RlOa’ Rlla, RlZa in (IO))
is a member independently selected from fluoro, chloro,
bromo, nitro, cyano, amino, methyl, hydroxylmethyl, trif-
luoromethyl, methoxy, trifluoromethyoxy, ethyl, diethylcar-
bamoyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, pyrimidi-
nyl, piperizino, piperizinyl, piperizinocarbonyl,
piperizinylcarbonyl, carboxyl, 1-tetrazolyl, 1-ethoxycarbo-
nylmethoxy, carboxymethoxy, thiophenyl, 3-(butylcarbo-
nyl) phenylmethoxy, 1H-tetrazol-S-yl, 1-ethoxycarbonylm-
ethyloxy-, 1-ethoxycarbonylmethyl-, 1-ethoxycarbonyl-,
carboxymethoxy-, thiophen-2-yl, thiophen-2-ylthio-, thio-
phen-3-yl, thiophen-3-ylthio, 4-fluorophenylthio, butylcar-
bonylphenylmethoxy, butylcarbonylphenylmethyl, butylcar-
bonylmethyl, 1-(pipendin-1-yl)carbonyl)methyl,
1-(piperidin-1-yl)carbonyl)methoxy, 1-(piperidin-2-yl)car-
bonyl)methoxy, 1-(piperidin-3-yl)carbonyl)methoxy, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl)methoxy, 1-(4-(py-
rimidin-2-yl)piperazin-1-yl)carbonyl)methyl, 1-(4-
(pyrimidin-2-yl)piperazin-1-yl)carbonyl, 1-4-(pyrimidin-2-
yl)piperazin-1-y], 1-(4-(pyridin-2-yl)piperazin-1-yI)
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carbonyl), 1-(4-(pyridin-2-yl)piperazin-1-yl)
carbonylmethyl, (1-(4-(pyridin-2-yl)piperazin-1-yl)

carbonyl)-methoxy), 1-(4-(pyridin-2-yl)piperazin-1-yl,
1H-indol-1-yl, morpholino-, morpholinyl, morpholinocar-
bonyl, morpholinylcarbonyl, phenylureido, phenylcarbam-
oyl, acetamido, 3-(phenylthio)-1H-indol-1-yl, 3-(2-cyano-
ethylthio)-1H-indol-1-yl,  benzylamino,  5-methoxy-3-
(phenylthio)- 1H-indol-1-yl, S-methoxy-3-(2-
cyanoethylthio)-1H-indol-1-yl)),  S-chloro-1H-indol-1-yl,
5-chloro-3-(2-cyanoethylthio)-1H-indol-1-yl)),  dibenzy-
lamino, benzylamino, 5-chloro-3-(phenylthio)-1H-indol-1-
y1)), 4-(1H-tetrazol-5-yl)phenoxy, 4-(1H-tetrazol-5-yl)phe-
nyl, 4-(1H-tetrazol-S-yl)phenylthio,  2-cyanophcnoxy,
3-cyanophenoxy, 4-cyanophenoxy, 2-cyanophenylthio,
3-cyanophenylthio, 4-cyanophenylthio, 2-chlorophenoxy,
3chlorophenoxy,  4-chlorophenoxy,  2-fluorophenoxy,
3-fluorophenoxy, 4-flucrophenoxy, 2-cyanobenzyloxy,
3<cyanobenzyloxy, 4-cyanobenzyloxy, 2-chlorobenzyloxy,
3-chlorobenzyloxy, 4-chlorobenzyloxy, 2-fluorobenzyloxy,
3-fluorobenzyloxy, and 4-fluorobenzyloxy.

In an exemplary embodiment, the pharmaceutical formu-
lation comprises a compound that is a member selected
from:
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In an exemplary embodiment, the compound of the inven-
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In an exemplary embodiment, the compound has a struc-

(2d) 10 tyre is a member selected from:
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in which q is a number between 0 and 1. R¥ is halogen. R?, 5
R, R°, R and R® are members independently selected from ! .
a member selected from H, substituted or unsubstituted OH (ta)
alkyl, substituted or unsubstituted heteroalkyl, substituted or Re— |
unsubstituted cycloalkyl, substituted or unsubstituted het- ' x B\ and
erocycloalkyl, substituted or unsubstituted aryl, and substi- ) /I o}
tuted or unsubstituted heteroaryl. In an exemplary embodi- ? P
ment, the compound in the pharmaceutical formulation is a 4, (1sk)
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with the nitrogen to which they are attached, optionally
joined to form a member selected from
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In another exemplary embodiment, the pharmaceutical
formulations described herein can form a hydrate with
water, a solvate with an alcohol (e.g. methanol, ethanol,
propanol); an adduct with an amino compound (e.g. ammo-
nia, methylamine, ethylamine); an adduct with an acid (e.g.
formic acid, acetic acid); complexes with ethanolamine,
quinoline, amino acids, and the like.

In an exemplary embodiment, the pharmaceutical formu-
lation comprises a compound that has a structure according
to Formula (Ip):

(Ip)

12
CI)/\N/ vt
N
Gl B\ R2

in which R*? is a member selected from substituted or
unsubstituted C,-C; alkyl and substituted or unsubstituted
C,-C; heteroalkyl. R”? and R** are members independently
selected from H, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl.

In an exemplary embodiment, the pharmaceutical formu-
lation comprises a compound that has a structure according
to Formula (Iq):

(o

wherein B is boron. R* is a member selected from substi-
tuted or unsubstituted C,-C; alkyl and substituted or unsub-
stituted C,-Cj heteroalkyl. R*? and R*? are members inde-
pendently selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted het-
erocycloalkyl, substituted or unsubstituted aryl, and substi-
tuted or unsubstituted heteroaryl. In another exemplary
embodiment, at least one member sclected from R3¢, R*,
R52, RS2, R, R82 R%2, R!°2 R!!% and R!22 is a member
selected from nitro, cyano and halogen.

In an exemplary embodiment, the pharmaccutical formu-
lation comprises a compound that has a structure which is a
member selected from the following Formulae:
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In an exemplary embodiment, the pharmaceutical formula-
tion comprises a compound that has a formula according to
Formulae (Ib)-(Ie) wherein at least one member selected
from RB&!y RM’ RSa’ Réa’ R?a, RSa’ R9a, RlOa, Rlla and RlZa
is a member selected from nitro, cyano, fluro, chloro, bromo
and cyanophenoxy. In an exemplary embodiment, the phar-
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maceutical formulation comprises a compound that has a
structure which is a member selected from
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In an exemplary embodiment, the pharmaceutical formu- ¢s
lation comprises a compound that has a structure that is a
member selected from

162
o”i
HoN B/_ N—R?  and
o) RZ
F
HO
2
o/'i
d— -
\O R2

In another exemplary embodiment, there is a proviso that
the pharmaceutical formulation cannot comprise a structure
according to Formula (Iaa):

126 O/sz
R B/—L’Rﬂ
R0

, H R®

R®

(las)

wherein R%, R% R'% R!'!® and R!'?* have the same
substituent listings as described for Formulae (Ix) and (Iy)
above.

The pharmaceutical formulations of the invention can
take a variety of forms adapted to the chosen route of
administration. Those skilled in the art will recognize vari-
ous synthetic methodologies that may be employed to pre-
pare non-toxic pharmaceutical formulations incorporating
the compounds described herein. Those skilled in the art will
recognize a wide variety of non-toxic pharmaceutically
acceptable solvents that may be used to prepare solvates of
the compounds of the invention, such as water, ethanol,
propylene glycol, mineral oil, vegetable oil and dimethyl-
sulfoxide (DMSO).

The compositions of the invention may be administered
orally, topically, parenterally, by inhalation or spray or
rectally in dosage unit formulations containing conventional
non-toxic pharmaceutically acceptable carriers, adjuvants
and vehicles. It is further understood that the best method of
administration may be a combination of methods. Oral
administration in the form of a pill, capsule, elixir, syrup,
lozenge, troche, or the like is particularly preferred. The
term parenteral as used herein includes subcutaneous injec-
tions, intradermal, intravascular (e.g., intravenous), intra-
muscular, spinal, intrathecal injection or like injection or
infusion techniques.

The pharmaceutical formulations containing compounds
of the invention are preferably in a form suitable for oral use,
for example, as tablets, troches, lozenges, aqueous or oily
suspensions, dispersible powders or granules, emulsion,
hard or soft capsules, or syrups or elixirs.

Compositions intended for oral use may be prepared
according to any method known in the art for the manufac-
ture of pharmaceutical formulations, and such compositions
may contain one or more agents selected from the group
consisting of sweetening agents, flavoring agents, coloring
agents and preserving agents in order to provide pharma-
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ceutically elegant and palatable preparations. Tablets may
contain the active ingredient in admixture with non-toxic
pharmaceutically acceptable excipients that are suitable for
the manufacture of tablets. These excipients may he for
example, inert diluents, such as calcium carbonate, sodium
carbonate, lactose, calcium phosphate or sodium phosphate;
granulating and disintegrating agents, for example, corn
starch, or alginic acid; binding agents, for example starch,
gelatin or acacia; and lubricating agents, for example mag-
nesium stearate, stearic acid or talc. The tablets may be
uncoated or they may be coated by known techniques to
delay disintegration and absorption in the gastrointestinal
tract and thereby provide a sustained action over a longer
period. For example, a time delay material such as glyceryl
monostearate or glyceryl distearate may be employed.

Formulations for oral use may also be presented as hard
gelatin capsules wherein the active ingredient is mixed with
an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules
wherein the active ingredient is mixed with water or an oil
medium, for example peanut oil, liquid paraffin or olive oil.

Aqueous suspensions contain the active materials in
admixture with excipients suitable for the manufacture of
aqueous suspensions. Such excipients are suspending
agents, for example sodium carboxymethylcellulose, meth-
ylcellulose, hydroxypropylmethylcellulose, sodium alg-
inate, polyvinylpyrrolidone, gum tragacanth and gum aca-
cia; and dispersing or wetting agents, which may be a
naturally-occurring phosphatide, for example, lecithin, or
condensation products of an alkylene oxide with fatty acids,
for example polyoxyethylene stearate, or condensation prod-
ucts of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyleneoxycetanol, or condensation
products of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene oxide
with partial esters derived from fatty acids and hexitol
anhydrides, for example polyethylene sorbitan monooleate.
The aqueous suspensions may also contain onc¢ or more
preservatives, for example ethyl, or n-propyl p-hydroxyben-
zoate, one or more coloring agents, one or more flavoring
agents, and one or more sweetening agents, such as sucrose
or saccharin.

Oily suspensions may be formulated by suspending the
active ingredients in a vegetable oil, for example arachis oil,
olive oil, sesame oil or coconut oil, or in a mineral oil such
as liquid paraffin. The oily suspensions may contain a
thickening agent, for example beeswax, hard paraffin or
cetyl alcohol. Sweetening agents such as those set forth
above, and flavoring agents may be added to provide pal-
atable oral preparations. These compositions may be pre-
served by the addition of an anti-oxidant such as ascorbic
acid.

Dispersible powders and granules suitable for preparation
of an aqueous suspension by the addition of water provide
the active ingredient in admixture with a dispersing or
wetting agent, suspending agent and one or more preserva-
tives. Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned above.
Additional excipients, for example sweetening, flavoring
and coloring agents, may also be present.

Pharmaceutical formulations of the invention may also be
in the form of oil-in-water emulsions and water-in-oil emul-
sions. The oily phase may be a vegetable oil, for example
olive oil or arachis oil, or a mineral oil, for example liquid
paraffin or mixtures of these. Suitable emulsifying agents
may be naturally-occurring gums, for example gum acacia
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or gum tragacanth; naturally-occurring phosphatides, for
example soy bean, lecithin, and esters or partial esters
derived from fatty acids and hexitol; anhydrides, for
example sorbitan monooleate; and condensation products of
the said partial esters with ethylene oxide, for example
polyoxyethylene sorbitan monoolcate. The emulsions may
also contain sweetening and flavoring agents.

Syrups and elixirs may be formulated with sweetening
agents, for example glycerol, propylene glycol, sorbitol or
sucrose. Such formulations may also contain a demulcent, a
preservative, and flavoring and coloring agents. The phar-
maceutical formulations may be in the form of a sterile
injectable aqueous or olcaginous suspension. This suspen-
sion may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending
agents, which have been mentioned above. The sterile
injectable preparation may also be a sterile injectable solu-
tion or suspension in a non-toxic parenterally acceptable
diluent or solvent, for example as a solution in 1,3-butane-
diol. Among the acceptable vehicles and solvents that may
be employed are water, Ringer’s solution and isotonic
sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be
employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid find use in the
preparation of injectables.

The composition of the invention may also be adminis-
tered in the form of suppositories, e.g., for rectal adminis-
tration of the drug. These compositions can be prepared by
mixing the drug with a suitable non-irritating excipient that
is solid at ordinary temperatures but liquid at the rectal
temperature and will therefore melt in the rectum to release
the drug. Such materials are cocoa butter and polyethylene
glycols.

Altematively, the compositions can be administered par-
enterally in a sterile medium. The drug, depending on the
vehicle and concentration used, can either be suspended or
dissolved in the vehicle. Advantageously, adjuvants such as
local anesthetics, preservatives and buffering agents can be
dissolved in the vehicle.

For administration to non-human animals, the composi-
tion containing the therapeutic compound may be added to
the animal’s feed or drinking water. Also, it will be conve-
nient to formulate animal feed and drinking water products
so that the animal takes in an appropriate quantity of the
compound in its diet. It will further be convenient to present
the compound in a composition as a premix for addition to
the feed or drinking water. The composition can also added
as a food or drink supplement for humans.

Dosage levels of the order of from about 5 mg to about
250 mg per kilogram of body weight per day and more
preferably from about 25 mg to about 150 mg per kilogram
of body weight per day, are useful in the treatment of the
above-indicated conditions. The amount of active ingredient
that may be combined with the carrier materials to produce
a single dosage form will vary depending upon the condition
being treated and the particular mode of administration.
Dosage unit forms will generally contain between from
about | mg to about 500 mg of an active ingredient.

Frequency of dosage may also vary depending on the
compound used and the particular disease treated. However,
for treatiment of most disorders, a dosage regimen of 4 times
daily or less is preferred. It will be understood, however, that
the specific dose level for any particular patient will depend
upon a variety of factors including the activity of the specific
compound employed, the age, body weight, general health,
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sex, diet, time of administration, route of administration and
rate of excretion, drug combination and the severity of the
particular disease undergoing therapy.

Preferred compounds of the invention will have desirable
pharmacological properties that include, but are not limited
to, oral bioavailability, low toxicity, low serum protein
binding and desirable in vitro and in vivo half-lives. Pen-
etration of the blood brain barrier for compounds used to
treat CNS disorders is necessary, while low brain levels of
compounds used to treat peripheral disorders are often
preferred.

Assays may be used to predict these desirable pharma-
cological propertics. Assays used to predict bioavailability
include transport across human intestinal cell monolayers,
including Caco-2 cell monolayers. Toxicity to cultured
hepatocyctes may be used to predict compound toxicity.
Penetration of the blood brain barrier of a compound in
humans may be predicted from the brain levels of laboratory
animals that receive the compound intravenously.

Serum protein binding may be predicted from albumin
binding assays. Such assays are described in a review by
Oravcova, et al. (Joumal of Chromatography B (1996)
volume 677, pages 1-27).

Compound half-life is inversely proportional to the fre-
quency of dosage of a compound. In vitro half-lives of
compounds may be predicted from assays of microsomal
half-life as described by Kuhnz and Gieschen (Drug
Metabolism and Disposition, (1998) volume 26, pages 1120-
1127).

The amount of the composition required for use in treat-
ment will vary not only with the particular compound
selected but also with the route of administration, the nature
of the condition being treated and the age and condition of
the patient and will ultimately be at the discretion of the
attendant physician or clinician.

In an exemplary embodiment, the pharmaceutical formu-
lation excipient comprises ethanol and the pharmaceutical
formulation compound is 1,3-dihydro-5-fluoro-1-hydroxy-
2,1-benzoxaborole. In another exemplary embodiment, the
pharmaceutical formulation excipient comprises propylene
glycol and the pharmaceutical formulation compound is
1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole. In an
exemplary embodiment the pharmaceutical formulation
comprises: about propylene glycol:ethanol 1:4, with 1:10
wt/volume of 1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzoxa-
borole. In an exemplary embodiment the pharmaceutical
formulation comprises: about 70% ethanol; about 20% poly
(vinyl methy! ether-alt-maleic acid monobutyl ester); about
10% 1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole. In
an exemplary embodiment the pharmaceutical formulation
comprises: about 56% ethanol; about 14% water; about 15%
poly(2-hydroxyethyl methacrylate); about 5% dibutyl seba-
cate; about 10% 1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzo-
xaborole. In an exemplary embodiment the pharmaceutical
formulation comprises: about 55% cthanol; about 15% ethyl
acetate; about 15% poly(vinyl acetate); about 5% dibutyl
sebacate; about 10% 1,3-dihydro-5-fluoro-1-hydroxy-2,1-
benzoxaborole. In another exemplary embodiment, 1,3-
dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole is present in
a pharmaceutical formulation in a concentration which is a
member selected from 1%, 2.5%, 5%, 7.5%, 10% and 15%
wi/v. In another exemplary embodiment, the pharmaceutical
formulation is a lacquer.

In an exemplary embodiment, the pharmaceutical formu-
lation cxcipient comprises ethanol and the pharmaccutical
formulation compound is 5-(4-cyanophenoxy)-1,3-dihydro-
1-hydroxy-2,1-benzoxaborole. In another exemplary
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embodiment, the pharmaceutical formulation excipient
comprises propylene glycol and the pharmaceutical formu-
lation compound is 5-(4-cyanophenoxy)-1,3-dihydro-1-hy-
droxy-2,1-benzoxaborole. In an exemplary embodiment the
pharmaceutical formulation comprises: about 20% propyl-
cne glycol; about 70% cthanol; about 10% 5-(4-cyanophe-
noxy)-1,3-dihydro-1-hydroxy-2,1-benzoxaborole. In an
exemplary embodiment the pharmaceutical formulation
comprises: about 70% ethanol; about 20% poly(vinyl
methyl ether-alt-maleic acid monobutyl ester); about 10%
5-(4-cyanophenoxy)-1,3-dihydro-1-hydroxy-2,1-benzoxa-
borole. In an exemplary embodiment the pharmaceutical
formulation comprises: about 56% ethanol; about 14%
water; about 15% poly(2-hydroxyethyl methacrylate); about
5% dibutyl sebacate; about 10% 5-(4-cyanophenoxy)-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole. In an exemplary
embodiment the pharmaceutical formulation comprises:
about 55% ethanol; about 15% ethyl acetate; about 15%
poly(vinyl acetate); about 5% dibutyl sebacate; about 10%
5-(4-cyanophenoxy)-1,3-dihydro-1-hydroxy-2,1-benzoxa-
borole. In another exemplary embodiment, 5-(4-cyanophe-
noxy)-1,3-dihydro-1-hydroxy-2,1-benzoxaborole is present
in a pharmaceutical formulation in a concentration which is
a member selected from 1%, 2.5%, 5%, 7.5%, 10% and 15%
w/v. In another exemplary embodiment, the pharmaceutical
formulation is a lacquer.

In an exemplary embodiment, the pharmaceutical formu-
lation excipient comprises ethanol and the pharmaceutical
formulation compound is a compound described herein. In
another exemplary embodiment, the pharmaceutical formu-
lation excipient comprises propylene glycol and the phar-
maceutical formulation compound is a compound described
herein. In an exemplary embodiment the pharmaceutical
formulation comprises: about 20% propylene glycol; about
70% ethanol; about 10% of a compound described herein. In
an exemplary embodiment the pharmaceutical formulation
comprises: about 70% ethanol; ahout 20% poly(vinyl
methy] ether-alt-maleic acid monobuty] ester); about 10% of
a compound described herein. In an exemplary cmbodiment
the pharmaceutical formulation comprises: about 56% etha-
nol; about 14% water; about 15% poly(2-hydroxyethyl
methacrylate); about 5% dibutyl sebacate; about 10% of a
compound described herein. In an exemplary embodiment
the pharmaceutical formulation comprises: about 55% etha-
nol; about 15% ethyl acetate; about 15% poly(vinyl acetate);
about 5% dibutyl scbacate; about 10% of a compound
described herein. In another exemplary embodiment, a com-
pound described herein is present in a pharmaceutical for-
mulation in a concentration which is a member selected
from 1%, 2.5%, 5%, 7.5%, 10% and 15% w/v. In another
exemplary embodiment, the pharmaceutical formulation is a
lacquer.

VI1I. a) Topical Formulations

In a preferred embodiment, the methods of the invention
can be used employed through the topical application of the
compounds described herein.

The compositions of the present invention comprises fluid
or semi-solid vehicles that may include but are not limited
to polymers, thickeners, buffers, neutralizers, chelating
agents, preservatives, surfactants or emulsifiers, antioxi-
dants, waxes or oils, emollients, sunscreens, and a solvent or
mixed solvent system. The solvent or mixed solvent system
is important to the formation because it is primarily respon-
sible for dissolving the drug. The best solvent or mixed
solvent systems are also capable of maintaining clinically
relevant levels of the drug in solution despite the addition of
a poor solvent to the formulation. The topical compositions



Case 1:18-cv-00202-IMK Document 1-3 Filed 10/30/18 Page 164 of 241 PagelD #: 661

US 9,566,290 B2

167

useful in the subject invention can be made into a wide
variety of product types. These include, but are not limited
to, lotions, creams, gels, sticks, sprays, ointments, pastes,
foams, mousses, and cleansers. These product types can
comprise several types of carrier systems including, but not
limited to particles, nanoparticles, and liposomes. If desired,
disintegrating agents can be added, such as the cross-linked
polyvinyl pyrrolidone, agar or alginic acid or a salt thereof
such as sodium alginate. Techniques for formulation and
administration can be found in Remington: The Science and
Practice of Pharmacy, supra. The formulation can be
selected to maximize delivery to a desired target site in the
body.

Lotions, which are preparations that are to be applied to
the skin, nail, hair, claw or hoof surface without friction, are
typically liquid or semi-liquid preparations in which finely
divided solid, waxy, or liquid are dispersed. Lotions will
typically contain suspending agents to produce better dis-
persions as well as compounds useful for localizing and
holding the active agent in contact with the skin, nail, hair,
claw or hoof, e.g., methylcellulose, sodium carboxymethyl-
cellulose, or the like.

Creams containing the active agent for delivery according
to the present invention are viscous liquid or semisolid
emulsions, either oil-in-water or water-in-oil. Cream bases
are water-washable, and contain an oil phase, an emulsifier
and an aqueous phase. The oil phase is generally comprised
of petrolatum or a fatty alcohol, such as cetyl- or stearyl
alcohol; the aqueous phase usually, although not necessarily,
exceeds the oil phase in volume, and generally contains a
humectant. The emulsifier in a cream formulation, as
explained in Remington: The Science and Practice of Phar-
macy, supra, is generally a nonionic, anionic, cationic or
amphoteric surfactant.

Gel formulations can also be used in connection with the
present invention. As will be appreciated by those working
in the field of topical drug formulation, gels are semisolid.
Single-phase gels contain organic macromolecules distrib-
uted substantially uniformly throughout the carrier liquid,
which is typically aqueous, but also may be a solvent or
solvent blend.

Ointments, which are semisolid preparations, are typi-
cally based on petrolatum or other petroleum derivatives. As
will be appreciated by the ordinarily skilled artisan, the
specific ointment base to be used is one that provides for
optimum delivery for the active agent chosen for a given
formulation, and, preferably, provides for other desired
characteristics as well, e.g., emolliency or the like. As with
other carriers or vehicles, an ointment base should be inert,
stable, nonirritating and non-sensitizing. As explained in
Remington: The Science and Practice of Pharmacy, 19th Ed.
(Easton, Pa.: Mack Publishing Co., 1995), at pages 1399-
1404, ointment bases may be grouped in four classes:
oleaginous bases; emulsifiable bases; emulsion bases; and
water-soluble bases. Oleaginous ointment bases include, for
example, vegetable oils, fats obtained from animals, and
semisolid hydrocarbons obtained from petroleum. Emulsi-
fiable ointment bases, also known as absorbent ointment
bases, contain little or no water and include, for example,
hydroxystearin sulfate, anhydrous lanolin and hydrophilic
petrolatum. Emulsion ointment bases are either water-in-oil
(W/O) emulsions or oil-in-water (O/W) emulsions, and
include, for example, cectyl alcohol, glyceryl monostearate,
lanolin and stearic acid. Preferred water-soluble ointment
bases are prepared from polyethylene glycols of varying
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molecular weight; again, reference may be had to Reming-
ton: The Science and Practice of Pharmacy, supra, for further
information.

Useful formulations of the invention also encompass
sprays. Sprays generally provide the active agent in an
aqueous and/or alcoholic solution which can be misted onto
the skin, nail, hair, claw or hoof for delivery. Such sprays
include those formulated to provide for concentration of the
active agent solution at the site of administration following
delivery, e.g., the spray solution can be primarily composed
of alcohol or other like volatile liquid in which the drug or
active agent can be dissolved. Upon delivery to the skin,
nail, hair, claw or hoof, the carricr evaporatcs, leaving
concentrated active agent at the site of administration.

The topical pharmaceutical compositions may also com-
prise suitable solid or gel phase carriers. Examples of such
carriers include but are not limited to calcium carbonate,
calcium phosphate, various sugars, starches, cellulose
derivatives, gelatin, and polymers such as polyethylene
glycols.

The topical pharmaceutical compositions may also com-
prise a suitable emulsifier which refers to an agent that
enhances or facilitates mixing and suspending oil-in-water
or water-in-oil. The emulsifying agent used herein may
consist of a single emulsifying agent or may be a nonionic,
anionic, cationic or amphoteric surfactant or blend of two or
more such surfactants; preferred for use herein are nonionic
or anionic emulsifiers. Such surface-active agents are
described in “McCutcheon’s Detergent and Emulsifiers,”
North American Edition, 1980 Annual published by the
McCutcheon Division, MC Publishing Company, 175 Rock
Road, Glen Rock, N.J. 07452, USA.

Preferred for use herein are high molecular weight alco-
hols such as cetearyl alcohol, cetyl alcohol, stearyl alcohol,
emulsifying wax, glyceryl monostearate. Other examples
are ethylene glycol distearate, sorbitan tristearate, propylene
glycol monostearate, sorbitan monooleate, sorbitan monos-
tearate (SPAN 60), diethylene glycol monolaurate, sorbitan
monopalmitate, sucrose diolcate, sucrose stcarate (CROD-
ESTA F-160), polyoxyethylene lauryl ether (BR1J 30), poly-
oxyethylene (2) stearyl ether (BR1J 72), polyoxyethylene
(21) stearyl ether (BR1J 721), polyoxyethylene monostearate
(Myrj 45), polyoxyethylene sorbitan monostearate (TWEEN
60), polyoxyethylene sorbitan monooleate (TWEEN 80),
polyoxyethylene sorbitan monolaurate (TWEEN 20) and
sodium oleate. Cholesterol and cholesterol derivatives may
also be employed in externally used emulsions and promote
w/o emulsions.

Especially suitable nonionic emulsifying agents are those
with hydrophile-lipophile balances (HLB) of about 3 to 6 for
w/o system and 8 to 18 for o/w system as determined by the
method described by Paul L. Lindner in “Emulsions and
Emulsion”, edited by Kenneth Lissant, published by Dekker,
New York, N.Y., 1974, pages 188-190. More preferred for
use herein are one or more nonionic surfactants that produce
a system having HLB of about 8 to about 18.

Examples of such nonionic emulsifiers include but are not
limited to “BR1J 727, the trade name for a polyoxyethylene
(2) stearyl ether having an HLB 0f 4.9; “BRI1J 7217, the trade
name for a polyoxyethylene (21) stearyl ether having an
HLB of 15.5, “Brij 30", the trade name for polyoxyethylene
lauryl ether having an HLB of 9.7; “Polawax”, the trade
name for emulsifying wax having an HLB of 8.0; “Span 60,
the trade name for sorbitan monostearate having an HLB of
4.7; “Crodesta F-160", the trade name for sucrose stearate”
having an HLB of 14.5. All of these materials are available
from Ruger Chemicals Inc.; Croda; ICl Americas, Inc.;
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Spectrum Chemicals; and BASF. When the topical formu-
lations of the present invention contain at least one emulsi-
fying agent, each emulsifying agent is present in amount
from about 0.5 to about 2.5 wt %, preferably 0.5 to 2.0%,
more preferably 1.0% or 1.8%. Preferably the emulsifying
agent comprises a mixture of steareth 21 (at about 1.8%) and
steareth 2 (at about 1.0%).

The topical pharmaceutical compositions may also com-
prise suitable emollients. Emollients are materials used for
the prevention or relief of dryness, as well as for the
protection of the skin, nail, hair, claw or hoof. Useful
emollients include, but are not limited to, cetyl alcohol,
isopropyl myristate, stearyl alcohol. and the like. A wide
variety of suitable emollients are known and can be used
herein. See e.g., Sagarin, Cosmetics, Science and Technol-
ogy, 2nd Edition, Vol. 1, pp. 32-43 (1972), and U.S. Pat. No.
4,919,934, to Deckner et al., issued Apr. 24, 1990, both of
which are incorporated herein by reference in their entirety.
These materials are available from Ruger Chemical Co,
(Irvington, N.J.).

When the topical formulations of the present invention
contain at least one emollient, each emollient is present in an
amount from about 0.1 to 15%, preferably 0.1 to about 3.0,
more preferably 0.5, 1.0, or 2.5 wt %. Preferably the
emollient is a mixture of cetyl alcohol, isopropyl myristate
and stearyl alcohol in a 1/5/2 ratio. The emollient may also
be a mixture of cetyl alcohol and stearyl alcohol in a 1/2
ratio.

The topical pharmaceutical compositions may also com-
prise suitable antioxidants, substances known to inhibit
oxidation. Antioxidants suitable for use in accordance with
the present invention include, but are not limited to, buty-
lated hydroxytoluene, ascorbic acid, sodium ascorbate, cal-
cium ascorbate, ascorbic palmitate, butylated hydroxyani-
sole, 2,4,5-trihydroxybutyrophenone, 4-hydroxymethyl-2,6-
di-tert-butylphenol, erythorbic acid, gum guaiac, propyl
gallate, thiodipropionic acid, dilauryl thiodipropionate, tert-
butylhydroquinone and tocopherols such as vitamin E, and
the like, including pharmaceutically acceptable salts and
esters of these compounds. Preferably, the antioxidant is
butylated hydroxytoluene, butylated hydroxyanisole, propyl
gallate, ascorbic acid, pharmaceutically acceptable salts or
esters thereof, or mixtures thereof. Most preferably, the
antioxidant is butylated hydroxytoluene. These materials are
available from Ruger Chemical Co, (Irvington, N.J.).

When the topical formulations of the present invention
contain at least one antioxidant, the total amount of antioxi-
dant present is from about 0.001 to 0.5 wt %, preferably 0.05
to about 0.5 wt %, more preferably 0.1%.

The topical pharmaceutical compositions may also com-
prise suitable preservatives. Preservatives are compounds
added to a pharmaceutical formulation to act as an anti-
microbial agent. Among preservatives known in the art as
being effective and acceptable in parenteral formulations are
benzalkonium chloride, benzethonium, chlorohexidine, phe-
nol, m-cresol, benzyl alcohol, methylparaben, propylpara-
ben, chlorobutanol, o-cresol, p-cresol, chlorocresol, phenyl-
mercuric nitrate, thimerosal, benzoic acid, and various
mixtures thereof. See, e.g., Wallhausser, K.-H., Develop.
Biol. Standard, 24:9-28 (1974) (S. Krager, Basel). Prefer-
ably, the preservative is selected from methylparaben, pro-
pylparaben and mixtures thereof.

These materials are available from Inolex Chemical Co
(Philadelphia, Pa.) or Spectrum Chemicals.

When the topical formulations of the present invention
contain at least one preservative, the total amount of pre-
servative present is from about 0.01 to about 0.5 wt %,
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preferably from about 0.1 to 0.5%, more preferably from
about 0.03 to about 0.15. Preferably the preservative is a
mixture of methylparaben and proplybarben in a 5/1 ratio.
When alcohol is used as a preservative, the amount is
usually 15 to 20%.

The topical pharmaceutical compositions may also com-
prise suitable chelating agents to form complexes with metal
cations that do not cross a lipid bilayer. Examples of suitable
chelating agents include ethylene diamine tetraacetic acid
(EDTA), ethylene glycol-bis(beta-aminoethyl ether)-N,N,
N',N'-tetraacetic acid (EGTA) and 8-Amino-2-[(2-amino-5-
methylphenoxy )methyl]-6-methoxyquinoline-N,N,N',N'-
tetraacetic acid, tetrapotassium sait (QUIN-2). Preferably
the chelating agents are EDTA and citric acid. These mate-
rials are available from Spectrum Chemicals.

When the topical formulations of the present invention
contain at least one chelating agent, the total amount of
chelating agent present is from about 0.005% to 2.0% by
weight, preferably from about 0.05% to about 0.5 wt %,
more preferably about 0.1% by weight.

The topical pharmaceutical compositions may also com-
prise suitable neutralizing agents used to adjust the pH of the
formulation to within a pharmaceutically acceptable range.
Examples of neutralizing agents include but are not limited
to trolamine, tromethamine, sodium hydroxide, hydrochlo-
ric acid, citric acid, and acetic acid. Such materials are
available from are available from Spectrum Chemicals (Gar-
dena, Calif.).

When the topical formulations of the present invention
contain at least one neutralizing agent, the total amount of
neutralizing agent present is from about 0.1 wt to about 10
wt %, preferably 0.1 wt % to about 5.0 wt %, and more
preferably about 1.0 wt %. The neutralizing agent is gener-
ally added in whatever amount is required to bring the
formulation to the desired pH.

The topical pharmaceutical compositions may also com-
prise suitable viscosity increasing agents. These components
are diffusible compounds capable of increasing the viscosity
of a polymer-containing solution through the interaction of
the agent with the polymer. CARBOPOL ULTREZ 10 may
be used as a viscosity-increasing agent. These materials are
available from Noveon Chemicals, Cleveland, Ohio.

When the topical formulations of the present invention
contain at least one viscosity increasing agent, the total
amount of viscosity increasing agent present is from about
0.25% to about 5.0% by wecight, preferably from about
0.25% to about 1.0 wt %, and more preferably from about
0.4% to about 0.6% by weight.

The topical pharmaceutical compositions may also com-
prise suitable nail penetration enhancers. Examples of nail
penetration enhancers include mercaptan compounds,
sulfites and bisulfites, keratolytic agents and surfactants.
Nail penetration enhancers suitable for use in the invention
are described in greater detail in Malhotra et al., J. Pharm.
Sci., 91:2, 312-323 (2002), which is incorporated herein by
reference in its entirety.

The topical pharmaceutical compositions may also com-
prise one or more suitable solvents. The ability of any solid
substance (solute) to dissolve in any liquid substance (sol-
vent) is dependent upon the physical properties of the solute
and the solvent. When solutes and solvents have similar
physical properties the solubility of the solute in the solvent
will be the greatest. This gives rise to the traditional under-
standing that “like dissolves like.” Solvents can be charac-
terized in one extreme as non-polar, lipophilic oils, while in
the other extreme as polar hydrophilic solvents. Oily sol-
vents dissolve other non-polar substances by Van der Wals
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interactions while water and other hydrophilic solvents
dissolve polar substances by ionic, dipole, or hydrogen
bonding interactions. All solvents can bec listed along a
continuum from the least polar, i.e. hydrocarbons such as
decane, to the most polar solvent being water. A solute will
have its greatest solubility in solvents having equivalent
polarity. Thus, for drugs having minimal solubility in water,
less polar solvents will provide improved solubility with the
solvent having polarity nearly equivalent to the solute pro-
viding maximum solubility. Most drugs have intermediate
polarity, and thus experience maximum solubility in sol-
vents such as propylene glycol or ethanol, which are sig-
nificantly less polar than water. If the drug has greater
solubility in propylene glycol (for example 8% (w/w)) than
in water (for example 0.1% (w/w)), then addition of water to
propylene glycol should decrease the maximum amount of
drug solubility for the solvent mixture compared with pure
propylenc glycol. Addition of a poor solvent to an excellent
solvent will decrease the maximum solubility for the blend
compared with the maximum solubility in the excellent
solvent.

When compounds are incorporated into topical formula-
tions the concentration of active ingredient in the formula-
tion may be limited by the solubility of the active ingredient
in the chosen solvent and/or carrier. Non-lipophilic drugs
typically display very low solubility in pharmaceutically
acceptable solvents and/or carriers. For example, the solu-
bility of some compounds in the invention in water is less
than 0.00025% wt/wt. The solubility of the same compounds
in the invention can be less than about 2% wt/wt in either
propylene glycol or isopropyl myristate. In one embodiment

_ of the present invention, diethylene glycol monoethyl ether
(DGME) is the solvent used to dissolve the compounds of
the invention. The compounds in the invention useful in the
present formulation are believed to have a solubility of from
about 10% wt/wt to about 25% wt/wt in DGME. In another
embodiment a DGME water cosolvent system is used to
dissolve the compounds of the invention. The solvent capac-
ity of DGME drops when water is added; however, the
DGME/water cosolvent system can be designed to maintain
the desired concentration of from about 0.1% to about 5%
wt/wt active ingredient. Preferably the active ingredient is
present from about 0.5% to about 3% wt/wt, and more
preferably at about 1% wt/wt, in the as-applied topical
formulations. Because DGME is less volatile than water, as
the topical formulation evaporates upon application, the
active agent becomes more soluble in the cream formula-
tion. This increased solubility reduces the likelihood of
reduced bioavailability caused by the drug precipitating on
the surface of the skin, nail, hair, claw or hoof.

Liquid forms, such as lotions suitable for topical admin-
istration or suitable for cosmetic application, may include a
suitable aqueous or nonaqueous vehicle with buffers, sus-
pending and dispensing agents, thickeners, penetration
enhancers, and the like. Solid forms such as creams or pastes
or the like may include, for example, any of the following
ingredients, water, oil, alcohol or grease as a substrate with
surfactant, polymers such as polyethylene glycol, thicken-
ers, solids and the like. Liquid or solid formulations may
include enhanced delivery technologies such as liposomes,
microsomes, microsponges and the like.

Additionally, the compounds can be delivered using a
sustained-release system, such as semipermeable matrices of
solid hydrophobic polymers containing the therapeutic
agent. Various sustained-release materials have been estab-
lished and are well known by those skilled in the art.

35

40

50

172

Topical treatment regimens according to the practice of
this invention comprise applying the composition directly to
the skin, nail, hair, claw or hoof at the application site, from
one to several times daily.

Fomulations of the present invention can be used to treat,
ameliorate or prevent conditions or symptoms associated
with bacterial infections, acne, inflammation and the like.

In an exemplary embodiment, the pharmaceutical formu-
lation includes a simple solution. In an exemplary embodi-
ment, the simple solution includes an alcohol. In an exem-
plary embodiment, the simple solution includes alcohol and
water. In an exemplary embodiment, the alcohol is ethanol,
ethylene glycol, propanol, polypropylene glycol, isopropa-
nol or butanol. In another exemplary embodiment, the
simple solution is a member selected from about 10%
polypropylene glycol and about 90% ethanol; about 20%
polypropylene glycol and about 80% ethanol; about 30%
polypropylene glycol and about 70% ethanol; about 40%
polypropylene glycol and about 60% ethanol; about 50%
polypropylene glycol and about 50% ethanoi; ahout 60%
polypropylene glycol and about 40% ethanol; about 70%
polypropylene glycol and about 30% ethanol; about 80%
polypropylene glycol and about 20% ethanol; about 90%
polypropylene glycol and about 10% ethanol.

In an exemplary embodiment, the pharmaceutical formu-
lation is a lacquer. Please see Remington's, supra, for more
information on the production of lacquers.

In an exemplary embodiment, the compound is present in
said pharmaceutical formulation in a concentration of from
about (0.5% to about 15%. In an exemplary embodimeant, the
compound is present in said pharmaceutical formulation in
a concentration of from about 0.1% to about 12.5%. In an
exemplary embodiment, the compound is present in said
pharmaceutical formulation in a concentration of from about
1% to about 10%. In an exemplary embodiment, the com-
pound is present in said pharmaceutical formulation in a
concentration of from about 1% to about 5%. In an exem-
plary embodiment, the compound is present in said phar-
maceutical formulation in a concentration of from about
0.5% to about 5%. In an exemplary embodiment, the com-
pound is present in said pharmaceutical formulation in a
concentration of from about 0.5% to about 7.5%. In an
exemplary embodiment, the compound is present in said
pharmaceutical formulation in a concentration of from about
5% to about 7.5%. In an exemplary embodiment, the com-
pound is present in said pharmaceutical formulation in a
concentration of from about 2% to about 8%. In an exem-
plary embodiment, the compound is present in said phar-
maceutical formulation in a concentration of from about 4%
to about 9%.

VII. b) Additional Active Agents

The following are examples of the cosmetic and pharma-
ceutical agents that can be added to the topical pharmaceu-
tical formulations of the present invention. The following
agents are known compounds and are readily available
commercially.

Anti-inflammatory agents include, but are not limited to,
bisabolol, mentholatum, dapsone, aloe, hydrocortisone, and
the like.

Vitamins include, but are not limited to, Vitamin B,
Vitamin E, Vitamin A, Vitamin D, and the like and vitamin
derivatives such as tazarotene, calcipotriene, tretinoin, ada-
palene and the like.

Anti-aging agents include, but are not limited to, niaci-
namide, retinol and retinoid derivatives, AHA, Ascorbic
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acid, lipoic acid, coenzyme Q 10, beta hydroxy acids,
salicylic acid, copper binding peptides, dimethylaminoethyl
(DAEA), and the like.

Sunscreens and or sunburn relief agents include, but are
not limited to, PABA, jojoba, aloe, padimate-O, methoxy-
cinnamates, proxamine HCI, lidocaine and the like. Sunless
tanning agents include, but are not limited to, dihydroxyac-
ctone (DHA).

Psoriasis-treating agents and/or acne-treating agents
include, but are not limited to, salicylic acid, benzoyl
peroxide, coal tar, selenium sulfide, zinc oxide, pyrithione
(zinc and/or sodium), tazarotene, calcipotriene, tretinoin,
adapalene and the like.

Agents that are effective to control or modify keratiniza-
tion, including without limitation: tretinoin, tazarotene, and
adapalene.

The compositions comprising an compound/active agent
of the invention, and optionally at least one of these addi-
tional agents, are to be administered topically. In a primary
application, this leads to the compounds of the invention and
any other active agent working upon and treating the skin,
nail, hair, claw or hoof. Alternatively, any one of the
topically applied active agents may also be delivered sys-
temically by transdermal routes.

In such compositions an additional cosmetically or phar-
maceutically effective agent, such as an anti-inflammatory
agent, vitamin, anti-aging agent, sunscreen, and/or acne-
treating agent, for example, is usually a minor component
(from about 0.001% to about 20% by weight or preferably
from about 0.01% to about 10% by weight) with the
remainder being various vehicles or carriers and processing
aids helpful for forming the desired dosing form.

VIL. ¢) Testing ‘

Preferred compounds for use in the present topical for-
mulations will have certain pharmacological properties.
Such properties include, but are not limited to, low toxicity,
low serum protein binding and desirable in vitro and in vivo
half-lives. Assays may be uscd to predict these desirable
pharmacological properties. Assays used to predict bioavail-
ability include transport across human intestinal cell mono-
layers, including Caco-2 cell monolayers. Serum protein
binding may be predicted from albumin binding assays.
Such assays are described in a review by Oravcova et al.
(1996, J. Chromat. B677: 1-27). Compound half-life is
inversely proportional to the frequency of dosage of a
compound. In vitro half-lives of compounds may be pre-
dicted from assays of microsomal half-life as described by
Kuhnz and Gleschen (Drug Metabolism and Disposition,
(1998) volume 26, pages 1120-1127).

Toxicity and therapeutic efficacy of such compounds can
be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g., for determining the
LD50 (the dose lethal to 50% of the population) and the
ED;, (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic
effects is the therapeutic index and it can be expressed as the
ratio between LD, and EDs,. Compounds that exhibit high
therapeutic indices are preferred. The data obtained from
these cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage
of such compounds lies preferably within a range of circu-
lating concentrations that include the ED;, with little or no
toxicity. The dosage can vary within this range depending
upon the dosage form employed and the route of adminis-
tration utilized. The exact formulation, route of administra-
tion and dosage can be chosen by the individual physician in
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view of the patient’s condition. (See, e.g. Fingl et al., 1975,
in “The Pharmacological Basis of Therapeutics”, Ch. 1, p.
1).

VII. d) Administration

For any compound used in the method of the invention,
the therapeutically effective dose can be estimated initially
from cell culture assays, as disclosed herein.

For example, a dose can be formulated in animal models
to achieve a circulating concentration range that includes the
EC,, (effective dose for 50% increase) as determined in cell
cuiture, i.e., the concentration of the test compound which
achieves a half-maximal inhibition of bacterial cell growth.
Such information can be used to more accurately determine
useful doses in humans.

In general, the compounds prepared by the methods, and
from the intermediates, described herein will be adminis-
tered in a therapeutically or cosmetically effective amount
by any of the accepted modes of administration for agents
that serve similar utilities. It will be understood, however,
that the specific dose level for any particular patient will
depend upon a variety of factors including the activity of the
specific compound employed, the age, body weight, general
health, sex, diet, time of administration, route of adminis-
tration, and rate of excretion, drug combination, the severity
of the particular disease undergoing therapy and the judg-
ment of the prescribing physician. The drug can be admin-
istered from once or twice a day, or up to 3 or 4 times a day.

Dosage amount and interval can be adjusted individually
to provide plasma levels of the active moiety that are
sufficient to maintain bacterial cell growth inhibitory effects.
Usual patient dosages for systemic administration range
from 0.1 to 1000 mg/day, preferably, 1-500 mg/day, more
preferably 10-200 mg/day, even more preferably 100-200
mg/day. Stated in terms of patient body surface areas, usual
dosages range from 50-91 mg/m?day.

The amount of the compound in a formulation can vary
within the full range employed by those skilled in the art.
Typically, the formulation will contain, on a weight percent
(wt %) basis, from about 0.01-10 wt % of the drug based on
the total formulation, with the balance being one or more
suitable pharmaceutical excipients. Preferably, the com-
pound is present at a level of about 0.1-3.0 wt %, more
preferably, about 1.0 wt %.

The invention is further illustrated by the Examples that
follow. The Examples are not intended to define or limit the
scope of the invention.

EXAMPLES

Proton NMR are recorded on Varian AS 300 spectrometer
and chemical shifts are reported as & (ppm) down field from
tetramethylsilane. Mass spectra are determined on Micro-
mass Quattro II.

Example 1
Preparation of 3 from 1
1.1 Reduction of Carboxylic Acid

To a solution of 1 (23.3 mmol) in anhydrous THF (70 mL)
under nitrogen was added dropwise a BH,THF solution (1.0
M, 55 mL, 55 mmol) at 0° C. and the reaction mixture was
stirred overnight at room temperature. Then the mixture was
cooled again with ice bath and MeOH (20 mL) was added
dropwise to decompose excess BH,. The resulting mixture
was stirred until no bubble was released and then 10%
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NaOH (10 mL) was added. The mixture was concentrated
and the residue was mixed with water (200 mL) and
extracted with EtOAc. The residue from rotary evaporation
was purified by flash column chromatography over silica gel
to give 20.7 mmol of 3.

1.2 Results

Exemplary compounds of structure 3 prepared by the
method above are provided below.

1.2.a 2-Bromo-5-chlorobenzyl Alcohol

'H NMR (300 MHz, DMSO-dy): 3 7.57 (d, J=8.7 Hz, 1H),
7.50-7.49 (m, 1H), 7.28-7.24 (m, 1H), 5.59 (t, J=6.0 Hz, 1H)
and 4.46 (d, J=6.0 Hz, 2H) ppm.

1.2.b 2-Bromo-5-methoxybenzyl Alcohol

'H NMR (300 MHz, DMSO-d,): 8 7.42 (d, J=8.7 Hz, 1H),
7.09 (d, J=2.4 Hz, 1H), 6.77 (dd, 1=3 Hz, J,=3 Hz, 1H), 5.43
(t, 1=5.7 Hz, 1H), 4.44 (d, J=5.1 Hz, 2H), 3.76 (s, 3H).

Example 2
Preparation of 3 from 2
2.1. Reduction of Aldehyde

To a solution of 2 (Z=H, 10.7 mmol) in methanol (30
mL) was added sodium borohydride (5.40 mol), and the
mixture was stirred at room temperature for 1 h. Water was
added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced
pressure to afford 9.9 mmol of 3.

2.2 Results

Exemplary compounds of structure 3 prepared by the
method above are provided below.

2.2.a 2-Bromo-5-(4-cyanophenoxy)benzyl Alcohol

'H-NMR (300 MHz, CDCl,) 8 (ppm) 2.00 (br s, 1H), 4.75
(s, 2H), 6.88 (dd, J=8.5, 2.9 Hz, 1H), 7.02 (d, ]=8.8 Hz, 1H),
7.26 (d, J=2.6 Hz, 1H), 7.56 (d, J=8.5 Hz, 1H), 7.62 (d, ]=8.8
Hz, 2H).

2.2.b 2-Bromo-4-(4-cyanophenoxy)benzyl Alcohol

'H NMR (300 MHz, DMSO-d,): 8 7.83 (d, 2H), 7.58 (d,
1H), 7.39 (d, 1H), 7.18 (dd, 1H), 7.11 (d, 2H), 5.48 (t, 1H)
and 4.50 (d, 2H) ppm.

2.2.c 5-(4-Cyanophenoxy)-1-Indanol

M.p. 50-53° C. MS (ESI+): m/z=252 (M+1). HPLC:
99.7% purity at 254 nm and 99.0% at 220 nm. 'H NMR (300
MHz, DMSO-d): 8 7.80 (d, 2H), 7.37 (d, 1H), 7.04 (d, 2H),
6.98-6.93 (m, 2H), 5.27 (d, 1H), 5.03 (g, 1H), 2.95-2.85 (m,
1H), 2.75-2.64 (m, 1H), 2.39-2.29 (m, 1H) and 1.85-1.74 (m,
1H) ppm.

2.2.d 2-Bromo-5-(tert-butyldimethylsiloxy)benzyl
Alcohol

'H-NMR (300 MHz, CDCl,) & (ppm) 0.20 (s, 6H), 0.98
(s, 9H), 4.67 (br s, 1H), 6.65 (dd, J=8.2, 2.6 Hz, 1H), 6.98
(d, J=2.9 Hz, 1H), 7.36 (d, J=8.8 Hz, 1H).
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Additional examples of compounds which can be pro-
duced by this method include 2-bromo-4-(3-cyanophenoxy)
benzyl alcohol; 2-bromo-4-(4-chlorophenoxy)benzyl alco-
hol; 2-bromo-4-phenoxybenzyl alcohol; 2-bromo-5-(3,4-
dicyanophenoxy)benzyl alcohol; 2-(2-bromo-5-
fluoropheny!l)ethyl alcohol; 2-bromo-5-fluorobenzyl
alcohol; and 1-bromo-2-naphthalenemethanoi.

Example 3
Preparation of 4 from 3
3.1 Protective Alkylation

Compound 3 (20.7 mmol) was dissolved in CH,Cl, (150
mL) and cooled to 0° C. with ice bath. To this solution under
nitrogen were added in sequence N,N-diisopropyl ethyl
amine (5.4 mL, 31.02 mmol, 1.5 eq) and chloromethyl
methyl ether (2 mL, 25.85 mmol, 1.25 eq). The reaction
mixture was stirred overnight at room temperature and
washed with NaHCO,-saturated water and then NaCl-satu-
rated water. The residue after rotary evaporation was puri-
fied by flash column chromatography over silica gel to give
17.6 mmol of 4.

3.2 Results

Exemplary compounds of structure 4 prepared by the
method above are provided below.

32a
2-Bromo-5-chloro-1-(methoxymethoxymethyl)benzene

'H NMR (300 MHz, DMSO-d,): 8 7.63 (d, J=8.7 Hz, 1H),
7.50 (dd, J=2.4 & 0.6 Hz, 1H), 7.32 (dd, J=8.4 & 2.4 Hz,
1H), 4.71 (s, 2H), 4.53 (s, 2H) and 3.30 (s, 3H) ppm.

3.2.b 2-Bromo-5-fluoro-1-[1-(methoxymethoxy)
ethyl]benzene

'H-NMR (300.058 MHz, CDCl,) 5 ppm 1.43 (d, J=6.5
Hz, 3H), 3.38 (s, 3H), 4.55 (d, J=6.5 Hz, 1H), 4.63 (d, J=6.5
Hz, 1H), 5.07 (q, J=6.5 Hz, 1H), 6.85 (m, 1H), 7.25 (dd,
1=9.7, 2.6 Hz, 1H), 7.46 (dd, J=8.8, 5.3 Hz, 1H).

3.2.c 2-Bromo-5-fluoro-1-[2-(methoxymethoxy)
ethyl]benzene

'H-NMR (300.058 MHz, CDCl,) 8 ppm 3.04 (t, J=6.7 Hz,
2H), 331 (s, 3H), 3.77 (t, J=6.7 Hz, 2H), 4.62 (s, 2H), 6.82
(td, J=8.2, 3.2 Hz, 1H), 7.04 (dd, J=9.4, 2.9 Hz, 1H), 7.48
(dd, 1=8.8, 5.3 Hz, 1H).

3.2.d 2-Bromo-4,5-difluoro-1-(methoxymethoxym-
ethyl)benzene

'H-NMR (300.058 MHz, CDCL,) & ppm 3.42 (s, 3H),
4.57 (d, J=1.2 Hz, 2H), 4.76 (s, 2H), 7.3-7.5 (m, 2H).

3.2e
2-Bromo-5-cyano-1-(methoxymethoxymethyl)benzene

'H-NMR (300.058 MHz, CDCL,) & ppm 3.43 (s, 3H),
4.65 (s, 2H), 4.80 (s, 2H), 7.43 (dd, J=8.2, 4.1 Hz, 1H), 7.66
(d, J=8.2 Hz, 1H), 7.82 (d, J=4.1 Hz, 1H).
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32f
2-Bromo-5-methoxy-1-(methoxymethoxymethyl)
benzene

'H NMR (300 MHz, DMSO-d,): 5 7.48 (dd, J,=1.2 Hz,
1,-1.2 Hz, 1H), 7.05 (d, J=2.7 Hz, 1H), 6.83 (dd, J,x3 Hz,
1,=3 Hz, 1H), 4.69 (d, J=1.2 Hz, 2H), 4.5 (s, 2H), 3.74 (d,
J=1.5 Hz, 3H), 3.32 (d, J=2.1 Hz, 3H) ppm.

3.2.g 1-Benzyl-1-(2-bromophenyl)-1-
(methoxymethoxy)ethane

'H NMR (300 MHz, DMSO-d,): 3 7.70-7.67 (m, 1H),
7.25-7.09 (m, 6H), 6.96-6.93 (m, 2H), 4.61 (d, 1H), 4.48 (d,
1H), 3.36-3.26 (m, 2H), 3.22 (s, 3H) and 1.63 (s, 3H) ppm.

3.2h
2-Bromo-6-fluoro-1-(methoxymethoxymethyl)benzene

'H-NMR (300 MHz, CDCI,) & (ppm) 3.43 (s, 3H), 4.74
(s, 2H), 4.76 (d, J=2.1 Hz, 2H), 7.05 (1, J=9.1 Hz, 1H), 7.18
(td, J=8.2, 5.9 Hz, 1H), 7.40 (d, J=8.2 Hz, 1H).

3.2.i 2-Bromo-4-(4-cyanophenoxy)-1-
(methoxymethoxymethyl)benzene

'H NMR (300 MHz, DMSO-d,): 8 7.84 (d, 2H), 7.56 (d,
1H), 7.44 (d, 1H), 7.19-7.12 (m, 3H), 4.69 (s, 2H), 4.56 (s,
2H) and 3.31 (s, 3H) ppm.

3.2, 2-Bromo-5-(tert-butyldimethylsiloxy)-1-
(methoxymethoxymethyl)benzene

IH-NMR (300 MHz, CDCl,) & (ppm) 0.19 (s, 6H), 0.98
(s, 9H), 3.43 (s, 3H), 4.59 (s, 2H), 4.75 (s, 2H), 6.64 (dd,
J=8.5, 2.9 Hz, 1H), 6.98 (d, J=2.9 Hz, 1H), 7.36 (d, J=8.5
Hz, 1H).

3.2.k 2-Bromo-5-(2-cyanophenoxy)-1-
(methoxymethoxymethyl)benzene

'H-NMR (300 MHz, CDCl,) & (ppm) 3.41 (s, 3H), 4.64
(s, 2H), 4.76 (s, 2H), 6.8-6.9 (m, 2H), 7.16 (td, J=7.6, 0.9 Hz,
1H), 7.28 (d, J=2.9 Hz, 1H), 7.49 (ddd, J=8.8, 7.6, 1.8 Hz,
1H), 7.56 (d, J=8.5 Hz, 1H), 7.67 (dd, J=7.9, 1.8 Hz, 1H).

321
2-Bromo-5-phenoxy-1-(methoxymethoxymethyl)
benzene

'H-NMR (300 MHz, CDCl,) & (ppm) 3.40 (s, 3H), 4.62
(s, 2H), 4.74 (s, 2H), 6.80 (dd, J=8.8, 2.9 hz, 1H), 7.01 (d,
J=8.5Hz, 2H), 7.12 (,J=7.9 Hz, 1H), 7.19 (d, J=2.9 hz, 1H),
7.35 (¢, J=7.6 Hz, 2H), 7.48 (d, J=8.5 Hz, 1H).

Additional examples of compounds which can be pro-

duced by this method include 2-bromo-1-
(methoxymethoxymethyl)benzene;  2-bromo-5-methyl-1-
(methoxymethoxymethyl)benzene; 2-bromo-5-

(methoxymethoxymethyl)-1-(methoxymethoxymethyl)
benzene; 2-bromo-5-fluoro-1-(methoxymethoxymethyl)
benzene; 1-bromo-2-(methoxymethoxymethyl)naphthalene;
2-bromo-4-fluoro-1-(methoxymethoxymethyl)benzene;
2-phenyl-1-(2-bromophenyl)-1-(methoxymethoxy)ethane;
2-bromo-5-(4-cyanophenoxy)-1-(methoxymethoxy methyl)
benzenc; 2-bromo-4-(3-cyanophenoxy)-1-
(methoxymethoxymethyl)benzene;  2-bromo-4-(4-chloro-
phenoxy)-1-(methoxymethoxymethyl)benzene; 2-bromo-4-
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phenoxy-1-(methoxymethoxymethyl)benzene; 2-bromo-5-
(3,4-dicyanophenoxy)-1-(methoxymethoxymethyl)benzene.

Example 4
Preparation of I from 4 via §

4.1 Metallation and Boronylation

To a solution of 4 (17.3 mmol) in anhydrous THF (80 mL)
at -78° C. under nitrogen was added dropwise tert-BuLi or
n-BuLi (11.7 mL) and the solution became brown colored.
Then, B(OMe), (1.93 mL, 17.3 mmol) was injected in one
portion and the cooling bath was removed. The mixture was
warmed gradually with stirring for 30 min and then stirred
with a water bath for 2 h. After addition of 6N HCI (6 mL),
the mixture was stirred overnight at room temperature and
about 50% hydrolysis has happened as shown by TLC
analysis. The solution was rotary evaporated and the residue
was dissolved in MeOH (50 mL) and 6N HCI (4 mL). The
solution was refluxed for 1 h and the hydrolysis was com-
pleted as indicated by TLC analysis. Rotary evaporation
gave a residue which was dissolved in EtOAc, washed with
water, dried and then evaporated. The crude product was
purified by flash column chromatography over silica gel to
provide a solid with 80% purity. The solid was further
purified by washing with hexane to afford 7.2 mmol of 1.

4.2 Results

Analytical data for exemplary compounds of structure |
are provided below.

4.2.a 5-Chloro-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

S-chlorobenzo{c][ 1,2]oxaborol-1(3H)-ol (C1)

M.p. 142-150° C. MS (ESI): m/z=169 (M+1, positive)
and 167 (M-1, negative). HPLC (220 nm): 99% purity. 'H
NMR (300 MHz, DMSO-dy): 8 9.30 (s, 1H), 7.71 (d, J=7.8
Hz, 1H), 7.49 (s, 1H), 7.38 (d, J=7.8 Hz, 1H) and 4.96 (s,
2H) ppm.

4.2.b 1,3-Dihydro-1-hydroxy-2, 1-benzoxaborole

benzo[c][1,2]oxaborol-1(3H)-ol (C2)

M.p. 83-86° C. MS (ESI): m/z=135 (M+1, positive) and
133 (M-1, negative). HPLC (220 aom): 95.4% purity. 'H
NMR (300 MHz, DMSO-d): 8 9.14 (s, 1H), 7.71 (d, J=7.2
Hz, 1H), 7.45 (t, J=7.5 Hz, 1H), 7.38 (d, J=7.5 Hz, 1H), 7.32
(t, I=7.1 Hz, 1H) and 4.97 (s, 2H) ppm.

42c¢c
5-chloro-3-methylbenzo{c][1,2]oxaborol-1(3H)-o0l
(€3)

'H-NMR (300 MHz, DMSO-d,) 8 ppm 1.37 (d, J=6.4 Hz,
3H), 5.17 (g, J=6.4 Hz, 1H), 7.14 (m, 1H), 7.25 (dd, J=9.7,
23 Hz, 1H), 7.70 (dd, J=8.2, 5.9 Hz, 1H), 9.14 (s, 1H).
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4.2.d 6-Fluoro-1-hydroxy-1, 2, 3, 4-tetrahydro-2,
1-benzoxaborine

6-fluoro-3,4-dihydrobenzoc][1,2]oxaborinin-1-ol
€4)

'H-NMR (300 MHz, DMSO-d,)  ppm 2.86 (t, J=5.9 Hz,
2H), 4.04 (t, J=5.9 Hz, 2H), 7.0-7.1 (m, 2H), 7.69 (dd, J=8.2,
7.2 Hz, 1H), 8.47 (s, 1H).

4.2.e 5,6-Difluoro-1,3-dihydro-1-bydroxy-2,1-ben-
zoxaborole

5,6-diftuorobenzo(c][1,2]oxaborol-1(3H)-ol (CS5)

'H-NMR (300 MHz, DMSO-d,) 5 ppm 4.94 (s, 2H), 7.50
(dd, =107, 6.8 Hz, 1H), 7.62 (dd, J=9.7, 8.2 Hz, 1H), 9.34
(s, 1H).

4.2.f 5-Cyano-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

1-hydroxy-1,3-dihydrobenzo[c]{1,2]oxaborole-5-
carbonitrile (C6)

'H-NMR (300 MHz, DMSO-d)  ppm 5.03 (s, 2H), 7.76
(d, 1 8.2 Hz, 1H), 7.89 (d, J=8.2 Hz, 1H), 7.90 (s, 1H), 9.53
(s, 1H).

4.2.g 1,3-Dihydro-1-hydroxy-5-methoxy-2,
1-benzoxaborole

5-methoxybenzo[c][1,2]oxaborol-1(3H)-0l (C7)

M.p. 102-104° C. MS ESI: m/z=165.3 (M+1) and 162.9
(M-1). '"H NMR (300 MHz, DMSO-d,): 8 8.95 (s, 1H), 7.60
(d, J=8.1 Hz, 1H), 6.94 (s, 1H), 6.88 (d, J=8.1 Hz, 1H), 4.91
(s, 2H), 3.77 (s, 3H) ppm.

4.2 h 1,3-Dihydro-1-hydroxy-5-methyl-2,
1-benzoxaborole

S-methylbenzo[c][1,2]oxaborol-1(3H)-ol (C8)

M.p. 124-128° C. MS ESI: m/z=148.9 (M+1) and 146.9
(M-1). 'H NMR (300 MHz, DMSO-d,): § 9.05 (s, 1H), 7.58
(d, I=7.2 Hz, 1H), 7.18 (s, 1H), 7.13 (4, ]=7.2 Hz, 2H), 4.91
(s, 2H), 2.33 (s, 3H) ppm.

4.2.i 1,3-Dihydro-1-hydroxy-5-hydroxymethyl-2,1-
benzoxaborole

5-(hydroxymethyl)benzo{c][1,2]oxaborol-1(3H)-ol
9

MS: m/z=163 (M-1, ESI-). '"H NMR (300 MHz, DMSO-
dg): 8 9.08 (5, 1H), 7.64 (d, 1H), 7.33 (s, 1H), 7.27 (d, 1H),
5.23 (t, 1H), 4.96 (s, 2H), 4.53 (d, 2H) ppm.

4.2 1,3-Dihydro-5-fluoro-1-hydroxy-2,
1-benzoxaborole

S-fluorobenzo{c}{1,2]oxaborol-1(3H)-ol (C10)
M.p. 110-114° C. MS ESI: m/z=150.9 (M-1). 'H NMR

(300 MHz, DMSO-d,): & 9.20 (s, 1H), 7.73 (dd, J,=6 Hz,
J,=6 Hz, 1H), 7.21 (m, 1H), 7.14 (m, 1H), 4.95 (s, 2H) ppm.
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4.2k 1,3-Dihydro-2-oxa-1-cyclopenta[a]naphthalene

naphtho[1,2-c][1,2]oxaborol-1(3H)-0l (C11)

M.P. 139-143° C. MS ESI: m/z=184.9 (M+1). '"H NMR
(300 MHz, DMSO~d): 8 9.21 (s, 1H), 8.28 (dd, J,=6.9 Hz,
1,=0.6 Hz, 1H), 7.99 (d, J=8.1 Hz, 1H), 7.95 (d, J=7.5 Hz,
1H), 7.59-7.47 (m, 3H), 5.09 (s, 2H) ppm.

4.2.m 1,3-Dihydro-6-fluoro-1-hydroxy-2,
1-benzoxaborole

6-fluorobenzo[c][1,2]oxaborol-1(3H)-ol (C13)

M.p. 110-117.5° C. MS (ESI): m/z=151 (M-1, negative).
HPLC (220 nm): 100% purity. ‘"H NMR (300 MHz, DMSO-
dg): 8 9.29 (s, 1H), 7.46-7.41 (m, 2H), 7.29 (td, 1H) and 4.95
(s, 2H) ppm.

4.2.n 3-Benzyl-1,3-dihydro-1-hydroxy-3-methyl-2,
1-benzoxaborole

3-benzyl-3-methylbenzo{c][1,2]oxaborol-1(3H)-ol
(C14)

MS (ESI): m/z=239 (M+1, positive). HPLC: 99.5% purity
at 220 nm and 95.9% at 254 nm. 'H NMR (300 MHz,
DMSO-d): 6 8.89 (s, 1H), 7.49-7.40 (m, 3H), 7.25-7.19 (m,
1H), 7.09-7.05 (m, 3H), 6.96-6.94 (m, 2H), 3.10 (d, 1H),
3.00 (d, 1H) and 1.44 (s, 3H) ppm.

420
3-Benzyl-1,3-dihydro-1-hydroxy-2,1-benzoxaborole

3-benzylbenzo[c]{1,2]oxaborol-1(3H)-ol (C15)

MS (ESI+): m/z=225 (M+1). HPLC: 93.4% purity at 220
nm. 'H NMR (300 MHz, DMSO-d,): § 9.08 (s, 1H), 7.63
(dd, 1H), 7.43 (¢, 1H), 7.35-7.14 (m, 7H), 5.38 (dd, 1H), 3.21
(dd, 1H) and 2.77 (dd, 1H) ppm.

4.2.p 1,3-Dihydro-4-fluoro-1-hydroxy-2,
1-benzoxaborole

4-fluorobenzo[c][1,2]oxaborol-1(3H)-0l (C16)

'H-NMR (300 MHz, DMSO-d,) 5 (ppm) 5.06 (s, 2H),
7.26 (ddd, J=9.7, 7.9, 0.6 Hz, 1H), 7.40 (td, J=8.2, 4.7 Hz,
1H), 7.55 (d, J=7.0 Hz, 1H), 9.41 (s, 1H).

4.2.q 5-(4-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

4-(1-hydroxy-1,3-dihydrobenzo[c](1,2]oxaborol-5-
yloxy)benzonitrile (C17)

'H-NMR (300 MHz, DMSO-d,) 8 ppm 4.95 (s, 2H), 7.08
(dd, J=7.9, 2.1 Hz, 1H), 7.14 (d, J=8.8 Hz, 1H), 7.15 (d,
J=2.1 Hz, 1H), 7.78 (4, }=7.9 Hz, 1H), 7.85 (d, J-9.1 Hz,
2H), 9.22 (s, 1H).

4.2.r 6-(4-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

4-(1-hydroxy-1,3-dihydrobenzo[c]{ 1,2]oxaborol-6-
yloxy)benzonitrile (C18)

Mp. 148-151° C. MS: m/z=252 (M+1) (ESI+) and
m/z=250 (M-1) (ESI-). HPLC: 100% purity at 254 nm and
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98.7% at 220 nm. ‘H NMR (300 MHz, DMSO-dy):  9.26
(s, 1H), 7.82 (d, 2H), 7.50 (d, 1H), 7.39 (d, 1H), 7.26 (dd,
1H), 7.08 (d, 2H) and 4.9 (s, 2H) ppm.

4.2.s 6-(3-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

3-(1-hydroxy-1,3-dihydrobenzo|c]{1,2]oxaborol-6-
yloxy)benzonitrile (C19)

Mp. 146-149° C. MS: m/z=252 (M+l) (ESI+) and
m/z=250 (M-1) (ESI-). HPLC: 100% purity at 254 nm and
97.9% at 220 nm. 'H NMR (300 MHz, DMSO-d,): 6 9.21
(s, 1H), 7.60-7.54 (m, 2H), 7.50-7.45 (m, 2H), 7.34-7.30 (m,
2H), 7.23 (dd, 1H) and 4.98 (s, 2H) ppm.

4.2.t 6-(4-Chlorophenoxy)-1,3-dihydro-1-hydroxy-2,
. 1-benzoxaborole

6-(4-chlorophenoxy)benzo[c][1,2]oxaborol-1(3H)-ol
(C20)

Mp. 119-130° C. MS: m/z=261 (M+1) (ESI+) and
m/z=259 (M-1) (ESI-). HPLC: 100% purity at 254 nm and
98.9% at 220 nm. ‘H NMR (300 MHz, DMSO-d,):  9.18
(s, 1H), 7.45-7.41 (m, 3H), 7.29 (d, 1H), 7.19 (dd, 1H), 7.01
(d, 2H) and 4.96 (s, 2H) ppm.

420
6-Phenoxy-1,3-dihydro-1-hydroxy-2,1-benzoxaborole

6-phenoxybenzo[c][1,2]oxaborol-1(3H)-ol (C21)

M.p. 95-99° C. MS: m/z=227 (M+1) (ESI+) and m/z=225
(M-1) (ESI-). HPLC: 100% purity at 254 nm and 98.4% at
220 nm. 'H NMR (300 MHz, DMSO-d,): 8 9.17 (s, 1H),
7.43-7.35 (m, 3H), 7.28 (s, 1H), 7.19-7.09 (m, 2H), 6.99 (d,
2H) and 4.96 (s, 2H) ppm.

4.2.v 5-(4-Cyanobenzyloxy)-1,3-dihydro-1-hydroxy-
2,1-benzoxaborole

4-((1-hydroxy-1,3-dihydrobenzo[c](1,2]oxaborol-5-
yloxy)methyl)benzonitrile (C22)

'H-NMR (300 MHz, DMSO-d,) & (ppm) 4.90 (s, 2H),
5.25 (s, 2H), 6.98 (dd, J=7.9, 2.1 Hz, 1H), 7.03 (d, J=1.8 Hz,
1H), 7.62 (d, J=7.9 Hz, 1H), 7.64 (d, }=8.5 Hz, 2H), 7.86 (d,
J=8.5 Hz, 1H), 9.01 (s, 1H).

42w
5-(2-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

2-(1-hydroxy-1,3-dihydrobenzo|c][1,2]Joxaborol-5-
yloxy)benzonitrile (C23)

'H-NMR (300 MHz, DMSO-d,) & (ppm) 4.95 (s, 2H),
7.0-7.2 (m, 3H), 7.32 (td, J=7.6, 1.2 Hz, 1H), 7.68 (ddd,
1=9.1, 7.6, 1.8 Hz, 1H), 7.77 (d, J=7.9 Hz, 1H), 7.91 (dd,
J=7.9, 1.8 Hz, 1H).
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4.2.x
5-Phenoxy-1,3-dihydro-1-hydroxy-2,1-benzoxaborole

S-phenoxybenzo[c][1,2]oxaborol-1(3H)-ol (C24)

'H-NMR (300 MHz, DMSO-d,)  (ppm) 4.91 (s, 2H),
6.94 (s, 1H), 6.96 (d, J=8.8 Hz, 1H), 7.05 (d, J=7.6 Hz, 2H),
7.17 (t, J=7.3 Hz, 1H), 7.41 (t, J=7.3 Hz, 2H), 7.70 (d, J=8.5
Hz, 1H), 9.11 (s, 1H).

4.2.y 5-[4-(N,N-Diethylcarbamoyl)phenoxy]-1,3-
dihydro- 1-hydroxy-2,1-benzoxaborole

N,N-diethyl-4-(1-hydroxy-1,3-dihydrobenzo(c][1,2]
oxaborol-5-yloxy)benzamide (C25)

'H-NMR (300 MHz, DMSO-d,) 3 (ppm) 1.08 (br s, 6H),
3.1-3.5 (m, 4H), 4.93 (s, 2H), 7.0-7.1 (m, 4H), 7.37 (d, J=8.5
Hz, 2H), 7.73 (d, J=7.9 Hz, 1H), 9.15 (s, 1H).

4.2.z 1,3-Dihydro-1-hydroxy-5-[4-(morpholinocar-
bonyl)phenoxy]-2,1-benzoxaborole

(4-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-
yloxy)phenyl)(morpholino)methanone (C26)

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 3.3-3.7 (m, 8H),
4.93 (s, 2H), 7.0-7.1 (m, 4H1), 7.44 (d, 1=8.8 Hz, 2H), 7.73
(d, J=7.9 Hz, 1H), 9.16 (s, 1H).

4.2.aa 5-(3,
4-Dicyanophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

4-(1-hydroxy-1,3-dihydrobenzo|c][1,2]oxaborol-5-
yloxy)phthalonitrile (C27)

IH.NMR (300 MHz, DMSO-d,) & (ppm) 4.97 (s, 2H),
7.13 (dd, J=7.9, 2.1 Hz, 1H), 7.21 (d, J=1.5 Hz, 1H), 7.43
(dd, =88, 2.6 Hz, 1H), 7.81 (d, J=7.9 Hz, 1H), 7.82 (d,
J=2.6 Hz, 1H), 8.11 (d, J=8.5 Hz, 1H), 9.26 (s, 1H).

4.2.ab 6-Phenylthio-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

6-(phenylthio)benzo[c][1,2]oxaborol-1(3H)-ol (C28)

Mp. 121-124° C. MS: m/z=243 (M+]) (ESI+) and
m/z=241 (M-1) (ESI-). HPLC: 99.6% purity at 254 nm and
99.6% at 220 nm. 'H NMR (300 MHz, DMSO-d,): § 9.25
(s, 1H), 7.72 (dd, 1H), 7.48 (dd, 1H), 7.43 (dd, 1H),
7.37-7.31 (m, 2H), 7.29-7.23 (m, 3H), and 4.98 (s, 2H) ppm.

4.2.ac 6-(4-trifluoromethoxyphenoxy)-1,3-dihydro-
1-hydroxy-2,1-benzoxaborole

6-(4-(trifluoromethoxy)phenoxy)benzo[c)[1,2]oxa-
borol-1(3H)-ol (C29)

Mp. 97-101° C. MS: m/z=311 (M+1) (ESI+) and
m/z=309 (M-1) (ESI-). HPLC: 100% purity at 254 nm and
100% at 220 nm. 'H NMR (300 MHz, DMSO-dy):  9.20 (s,
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1H), 7.45 (d, 1H), 7.37 (d, 2H), 7.33 (d, 1H), 7.21 (dd, 1H),
7.08 (d, 2H), and 4.97 (s, 2H) ppm.

4.2.ad 5-(N-Methyl-N-phenylsulfonylamino)-1,3-
dihydro-1-hydroxy-2, 1-benzoxaborole

N-(1-hydroxy-1,3-dihydrobenzo|[c][1,2]oxaborol-5-
yl)-N-methylbenzenesulfonamide (C30)

M.p. 85-95° C. MS: m/z=304 (M+1) (ESI+) and m/z=302 10

(M-1) (ESI-). HPLC: 96.6% purity at 254 nm and 89.8% at
220 nm. 'H NMR (300 MHz, DMSO-d): & 9.23 (s, 1H),
7.72-7.63 (m, 2H), 7.56 (1, 2H), 7.50 (d, 2H), 7.16 (s, 1H),
7.03 (d, 1H), 4.91 (s, 2H) and 3.14 (s, 3H) ppm.

4.2.ae 6-(4-Methoxyphenoxy)-1,3-dihydro-1-hy-
droxy-2,1-benzoxaborole

6-(4-methoxyphenoxy)benzo([c][1,2]Joxaborol-1(3H)-ol
(C31)

M.p. 126-129° C. MS: m/z=257 (M+1) (ESI+) and
m/z=255 (M-1) (ESI-). HPLC: 98.4% purity at 254 nm and
98.4% at 220 nm. 'H NMR (300 MHz, DMSO-d,): § 9.14
(s, 1H), 7.36 (d, 1H), 7.19 (s, 1H), 7.12 (d, 1H), 6.98 (d, 2H),
6.95 (d, 2H), 4.93 (s, 2H) and 3.73 (s, 3H) ppm.

4.2.af 6-(4-Methoxyphenylthio)-1,3-dihydro-1-hy-
droxy-2,1-benzoxaborole

6-(4-methoxyphenylthio)benzo[c][1,2]oxaborol-1
(3H)-ol (C32)

M.p. 95-100° C. MS: m/z=272 (M+), 273 (M+1) (ESI+)
and m/z=271 (M-1) (ESI-). HPLC: 100% purity at 254 nm
and 99.2% at 220 nm. ‘H NMR (300 MHz, DMSO-d,): §
9.20 (s, 1H), 7.51 (d, 1H), 7.39-7.28 (m, 4H), 6.98 (d, 2H),
4.93 (s, 2H) and 3.76 (s, 3H) ppm.

4.2.ag 6-(4-Methoxyphenylsulfonyl)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole

6-(4-methoxyphenylsulfonyl)benzo[c]{1,2]oxaborol-
1(3H)-o0l (C33)

Mp. 180-192° C. MS: m/z=305 (M+1) (ESI+) and
m/z=303 (M-1) (ESI~). HPLC: 96.8% purity at 254 nm and
95.5% at 220 nm. 'H NMR (300 MHz, DMSO-d,): 5 9.46
(s, 1H), 8.28 (s, 1H), 7.99 (d, 1H), 7.85 (d, 2H), 7.61 (d, 1H),
7.11 (d, 2H), 5.02 (s, 2H) and 3.80 (s, 3H) ppm.

4.2.ah 6-(4-Methoxyphenylsulfinyl)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole

6-(4-methoxyphenylsulfinyl)benzo[c]{1,2]oxaborol-
1(3H)-0l (C34)

'H NMR (300 MHz, DMSO-d,):  9.37 (s, 1H), 8.02 (d,
1H), 7.71 (dd, 1H), 7.59 (d, 2H), 7.53 (d, 1H), 7.07 (d, 2H),
5.00 (s, 2H) and 3.76 (s, 3H) ppm.

4.2.ai 5-Trifluoromethyl-1,3-dihydro- 1-hydroxy-2,
1-benzoxaborole

S-(trifluoromethyl)benzo[c]{1,2]oxaborol-1(3H)-ol
(C35)

Mp. 113-118° C. MS: m/z=203 (M+1) (ESI+) and
m/z=201 (M-1) (ESI-). HPLC: 100% purity at 254 nm and
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100% at 220 nm. *H NMR (300 MHz, DMSO-dy): 3 9.48 (s,
1H), 7.92 (d, 1H), 7.78 (s, 1H), 7.67 (d, 1H) and 5.06 (s, 2H)

ppm.

42.3j
4-(4-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

4-(1-hydroxy-1,3-dihydrobenzo([c][1,2]oxaborol-4-
yloxy)benzonitrile (C36)

For coupling reaction between 4-fluorobenzonitrile and
substituted phenol to give starting material 2, see Igarashi,
S.; et al. Chemical & Pharmaceutical Bulletin (2000),
48(11), 1689-1697.

'H-NMR (300 MHz, DMSO-d¢) O (ppm) 4.84 (s, 2H),
7.08 (d, J=8.2 Hz, 2H), 7.18 (d, J=7.9 Hz, 1H), 7.45 (t,]J=7.3
Hz, 1H), 7.63 (d, J=7.3 Hz, 1H), 7.82 (d, J=8.5 Hz, 2H).

4.2.ak
5-(3-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole

3-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-
yloxy)benzonitrile (C37)

For coupling between 3-fluorobenzonitrile and substituted
phenol to give starting material 2: Li, F. et al., Organic
Letters (2003), 5(12), 2169-2171.

'H-NMR (300 MHz, DMSO-d¢) O (ppm) 4.93 (s, 2H),
7.0-7.1 (m, 2H), 7.3-7.4 (m, 1H), 7.5-7.7 (m, 3H), 7.75 (d,
J=8.2 Hz, 1H).

4.2.al 5-(4-Carboxyphenoxy)-1,3
dihydro-1-hydroxy-2,1-benzoxaborole

4-(1-hydroxy-1,3-dihydrobenzo(c](1,2]oxaborol-5-
yloxy)benzoic acid (C38)

To a solution of 5-(4-cyanophenoxy)-1-hydroxy-2,1-ben-
zoxaborole obtained in C17 (430 mg, 1.71 mmol) in ethanol
(10 mL) was added 6 mol/L. sodium hydroxide (2 mL), and
the mixture was refluxed for 3 hours. Hydrochloric acid (6
mol/L, 3 mL) was added, and the mixture was extracted with
ethyl acetate. The organic layer was washed with brine and
dried on anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the residue was puri-
fied by silica gel column chromatography (ethyl acetate)
followed by trituration with diisopropy! ether to give the
target compound (37 mg, 8%).

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.94 (s, 2H),
7.0-7.1 (m, 4H), 7.76 (d, J=7.9 Hz, 1H), 7.94 (d, J=8.8 Hz,
2H), 9.19 (s, 1H), 12.8 (br s, 1H).

4.2.am 1-Hydroxy-1, 3 dihydro-5-[4-(tetrazole-1-yl)
phenoxy]-2,1-benzoxaborole

5-(4-(1H-tetrazol-5-yl)phenoxy)benzo[c][1,2]oxa-
borol-1(3H)-ol (C39)

A mixture of 5-(4-cyanophenoxy)-!-hydroxy-2,1-benzo-
xaborole (200 mg, 0.797 mmol), sodium azide (103 mg, 1.59
mmol), and ammonium chloride (85 mg, 1.6 mmol) in
N,N-dimethylformamide (5 mL) was stirred at 80° C. for
two days.

Water was added, and the mixture was extracted with
ethyl acetate. The organic layer was washed with water and
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brine, and dried on anhydrous sodium sulfate. The solvent
was removed under reduced pressure, and the residue was
purified by silica gel column chromatography (cthyl acetate)
followed by trituration with ethyl acetate to give the target
compound (55 mg, 23%).

'H-NMR (300 MHz, DMSO-dy) 8 (ppm) 4.95 (s, 2H),
7.0-7.1 (m, 2H), 7.23 (d, J-8.8 Hz, 2H), 7.76 (d, J=7.9 Hz,
1H), 8.05 (d, J=8.5 Hz, 2H), 9.18 (br s, 1H).

Example 5
Preparation of I from 2 via 6

5.1 Catalytic Boronylation, Reduction and
Cyclization

A mixture of 2 (10.0 mmol), bis(pinacolato)diboron (2.79
g, 11.0 mmol), PdCl,(dppf) (250 mg, 3 mol %), and potas-
sium acetate (2.94 g, 30.0 mmol) in 1,4-dioxane (40 mL)
was stirred at 80° C. for overnight. Water was added, and the
mixture was extracted with ethyl acetate. The organic layer
was washed with brine and dried on anhydrous sodium
sulfate. The solvent was removed under reduced pressure.
The crude product was dissolved in tetrahydrofuran (80
mL), then sodium periodate (5.56 g, 26.0 mmol) was added.
After stirring at room temperature for 30 min, 2N HCI (10
mL) was added, and the mixture was stirred at room
temperature for overnight. Water was added, and the mixture
was extracted with ethyl acetate. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure, and the
residue was treated with cther to afford 6.3 mmol of the
corresponding boronic acid. To the solution of the obtained
boronic acid (0.595 mmol) in methanol (5 mL) was added
sodium borohydride (11 mg, 0.30 mmol), and the mixture
was stirred at room temperature for 1 h. Water was added,
and the mixture was extracted with ethyl acetate. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced
pressure, and the residue was purified by silica gel column
chromatography to give 0.217 mmol of I.

5.2 Results

Analytical data for exemplary compounds of structure I
are provided below.

5.2.a
1,3-Dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole
(C10)

Analytical data for this compound is listed in 4.2.j.
Example 6
Preparation of I from 3
6.1 One-Pot Boronylation and Cyclization

To a solution of 3 (4.88 mmol) and triisopropyl borate
(1.35 mL, 5.86 mmol) in tetrahydrofuran (10 mL) was added
n-butyllithium (1.6 mol/L in hexanes; 6.7 mL, 10.7 mmol)
dropwise over 15 min at -78° C. under nitrogen atmosphere,
and the mixture was stirred for 2 h while allowing to warm
to room temperature. The reaction was quenched with 2N
HCI, and extracted with ethyl acetate. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
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The solvent was removed under reduced pressure, and the
residue was purified by silica gel column chromatography
and treated with pentane to give 0.41 mmol of 1.

6.2 Results

Analytical data for exemplary compounds of structure I
are provided below.

6.2.a
1,3-Dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole
(C10)

Analytical data for this compound is listed in 4.2.j.
Example 7
Preparation of I from 3

7.1 One-Pot Boronylation and Cyclization with
Distillation

To a solution of 3 (4.88 mmol) in toluene (20 mL) was
added triisopropyl borate (2.2 mL, 9.8 mmol), and the
mixture was heated at reflux for 1 h. The solvent, the
generated isopropy! alcohol and excess triisopropyl borate
were removed under reduced pressure. The residue was
dissolved in tetrahydrofuran (10 mL) and cooled to -78° C.
n-Butyllithium (3.2 mL, 5.1 mmol) was added dropwise
over 10 min, and the mixture was stirred for 1 h while
allowing to warm to room temperature. The reaction was
quenched with 2N HCI, and extracted with ethyl acetate. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced
pressure, and the residue was purified by silica gel column
chromatography to give 1.54 mmol of 1.

7.2 Results

Analytical data for exemplary compounds of structure I
are provided below.

7.2.a
1,3-Dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole
(C10)

Analytical data for this compound is listed in 4.2,j.
Example 8

Preparation of 8 from 7

8.1 Bromination

To a solution of 7 (49.5 mmol) in carbon tetrachloride
(200 mL) were added N-bromosuccinimide (8.81 g, 49.5
mmol) and N,N-azoisobutylonitrile (414 mg, 5 mol %), and
the mixture was heated at reflux for 3 h. Water was added,
and the mixture was extracted with chloroform. The organic
layer was washed with brine and dried on anhydrous sodium
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sulfate. The solvent was removed under reduced pressure to
give the crude methyl-brominated intermediate 8.

Example 9
Preparation of 3 from 8

9.1 Hydroxylation

To crude 8 (49.5 mmol) were added dimethylformamide
(150 mL) and sodium acetate (20.5 g, 250 mmol), and the
mixture was stirred at 80° C. for overnight. Water was
added, and the mixture was extracted with ether. The organic
layer was washed with water and brine, and dried on
anhydrous sodium sulfate. The solvent was removed under
reduced pressure. To the residue was added methanol (150
mL) and 1IN sodium hydroxide (50 mL), and the mixture
was stirred at room temperature for 1 h. The reaction mixture
was concentrated to about a third of volume under reduced
pressure. Water and hydrochloric acid were added, and the
mixture was extracted with ethyl acetate. The organic layer
was washed with water and brine, and dried on anhydrous
sodium sulfate. The solvent was removed under reduced
pressure, and the residue was purified by silica gel column
chromatography followed by trituration with dichlorometh-
ane to give 21.8 mmol of 3.

9.2 Results

Exemplary compounds of structure 3 prepared by the
method above are provided below.

9.2.a 2-Bromo-5-cyanobenzyl Alcohol

'H-NMR (300 MHz, DMSO-d,) 8 ppm 4.51 (d, J=5.9 Hz,
2H), 5.67 (t, J=5.6 Hz, 1H), 7.67 (dd, J=8.2, 2.0 Hz, 1H),
7.80 (s, J=8.2 Hz, 1H), 7.83 (d, J=2.0 Hz, 1H).

Additional examples of compounds which can be pro-
duced by this method include 2-bromo-5-(4-cyanophenoxy)
benzyl alcohol.

Example 10
Preparation of 9 from 2

10.1 Reaction

A mixture of 2 (20.0 mmol), (methoxymethyl)triphenyl-
phosphonium chloride (8.49 g, 24.0 mmol), and potassium
tert-butoxide (2.83 g, 24.0 mol) in N,N-dimethylformamide
(50 mL) was stirred at room temperature for overnight. The
reaction was quenched with 6 N HCI, and the mixture was
extracted with ethyl acetate. The organic Jayer was washed
with water (x2) and brine, and dried on anhydrous sodium
sulfate. The solvent was removed under reduced. To the
residue were added tetrahydrofuran (60 mL) and 6 N HCl,
and the mixture was hecated at reflux for 8 h. Water was
added, and the mixture was extracted with ether. The organic
layer was washed with brine and dried on anhydrous sodium
sulfate. The solvent was removed under reduced pressure to
afford 16.6 mmol of 9.
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Example 11

Preparation Mecthod of Step 13
11.1 Reaction

A solution of I in an appropriate alcohol solvent (R'—
OH) was refluxed under nitrogen atmosphere and then
distilled to remove the alcohol to give the corresponding
ester.

Example 12
Preparation of Ib from la
12.1 Reaction

To a solution of Ia in toluene was added amino alcohol
and the participated solid was collected to give Ib.

12.2 Results

(500 mg, 3.3 mmol) was dissolved in toluene (37 mL) at
80° C. and ethanolamine (0.20 mL, 3.3 mmol) was added.
The mixture was cooled to room temperature, then ice bath,
and filtered to give C40 as a white powder (600.5 mg, 94%).

12.2a Ethanolamine adduct of
1,3-Dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole
(C40)

'H-NMR (300 MHz, DMSO-d,) & (ppm) 2.88 (t, J=6.2
Hz, 2H), 3.75 (1, J=6.3 Hz, 2H), 4.66 (s, 2H), 5.77 (br, 2H),
6.85-6.91 (m, 2H), 7.31 (td, J=7.2, 1.2 Hz, 1H).

Example 13
Formulations

Compounds of the present invention can be administered
to a patient using a therapeutically effective amount of a
compound described herein in any one of the following three
lacquer formulations and one solvent formulation. The lac-
quer formulation provides good durability while the solvent
formulation provides good ease of use. These compounds
can also be applied using a spray formulation, paint-on
lacquer, drops, or other.

1. 1:4 propylene glycol:ethanol; 1:10 wt/vol compound of

invention;

2. 1:4 poly(vinyl methy! ether-alt-maleic acid monobutyl
ester:ethanol; 1:10 wt/vol compound of the invention;

3. 56% ethanol; 14% water; 15% poly(2-hydroxyethyl
methacrylate); 5% dibutyl sebacate; 10% compound of
the invention;

4. 55% ethanol; 15% ethyl acetate; 15% poly(vinyl
acetate); 5% dibutyl sebacate; 10% compound of the
invention.

The preparation of these formulations is well known in

the art and is found in references such as Remington: The
Science and Practice of Pharmacy, supra.

Example 14
Antifungal MIC Testing

All MIC testing followed the National Committee for
Clinical Laboratory Standards (NCCLS) guidelines for anti-
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microbial testing of yeasts (M27-A2 NCCLS) and filamen-
tous fungi (Pfaller et al, NCCLS publication M38-A—
Reference Method for Broth Dilution Antifungal
Susceptibility Testing of Filamentous Fungi; Approved
Standard. Wayne, Pa.: NCCLS; 2002 (Vol. 22, No. 16)
except the Malassezia species which was incubated in a urea
broth (Nakamura et al., Antimicrobial Agents And Chemo-
therapy, 2000, 44(8) p. 2185-2186). Results of the MIC
testing is provided in FIG. 1.

Example 15
Keratin Assay

Many antifungal agents strongly bind to keratin which not
only reduces their antifungal potency but also may restrict
their penctration into the nail. The affinities of the com-
pounds for keratin powder was determined by a method
described in Tatsumi, Antimicrobial Agents and Chemo-
therapy, 46(12):3797-3801 (2002).

A comparison of MIC data for several compounds of the
invention against 7. rubrum, with and without the presence
of 5% Keratin, is provided in FIG. 1.

Example 16
(C10) Antifungal Spectrum of Activity

(C10) is a novel compound in development for use as a
topical antifungal treatment. The purpose of this study was
to determine the minimum inhibitory concentration (MIC)
for (C10) against 19 test strains of fungi including: Asper-
gillus fumigatus (A. fumigatus), Candida Albicans (C. albi-
cans, both fluconazole sensitive and resistant strains), Can-
dida glabrata (C. glabrata), Candida krusei (C. krusei),
Cryptococcus neoformans (C. neoformans), Candida parap-
silosis (C. parapsilosis), Candida tropicalis (C. tropicalis),
Epidermophyton floccosum (E. floccosum), Fusarium solani
(F solani), Malassezia furfur (M. furfur), Malassezia pachy-
dermatis (M. pachydermatis), Malassezia sympodialis (M.
sympodialis), Microsporum audouinii (M. audouinii),
Microsporum canis (M. canis), Microsporum gypseum (M.
gypseum), Trichophyton mentagrophytes (I. mentagro-
phytes), Trichophyton rubrum (I. rubrum), Trichophyton
tonsurans (T. tonsurans). Fungal growth was evaluated after
exposure to different concentrations of (C10). In addition,
the MIC for (C10) against T. rubrum in the presence of 5%
keratin powder and the minimum fungicidal concentration
(MFC) for (C10) against 7. rubrum and T. mentagrophytes
were also determined. Ciclopirox and/or terbinafine and/or
fluconazole and/or itraconazole were used as comparators
and tested in a similar manner. These studies were conducted
at NAEJA Pharmaceutical, Inc.

Materials and Methods

(C10) was obtained from Anacor Pharmaceuticals, Inc.
(Palo Alto, Calif., USA). AT'CC strains were obtained from
ATCC (Manassas, Va., USA). Ciclopirox-olamine was
obtained from Sigma-Aldrich Co. (St. Louis, Mo., USA).
Terbinafine, fluconazole and itraconazole were synthesized
at NAEJA Pharmaceutical Inc. (Edmonton, AB, Canada),
experimental procedures and analytical data for these stan-
dards are stored in NAEJA archives.

All MIC testing followed the National Committee for
Clinical Laboratory Standards (NCCLS) guidelines for anti-
microbial testing of yeasts and filamentous fungi (Pfaller et
al., 2002) except the Malassezia species which were incu-
bated in a urea broth (Nakamura et al., 2000). The micro-
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broth dilution method was used to test the in vitro activity of
(C10) against 19 test strains of fungi. Briefly, compounds
were dissolved in DMSO and diluted in sterile water to give
a working stock. Two-fold serial dilutions of the working
stock were prepared in 96-well plates and media was added.
Media was RPMI, RPMI+MOPS, modified RPMI, or modi-
fied Urea broth. The plates were inoculated with the fungal
suspensions to give a final inoculum size of 0.5-2.5x10?
cells/mL for yeasts or 0.4-5x10* CFU/mL for filamentous
fungi and then incubated for 24-168 h at 35° C. The final
concentration of DMSO did not exceed 5%. The MIC was
defined as the lowest concentration that resulted in over 90%
reduction of growth, as compared to a drug-free control. The
MFC was defined as the lowest concentration that killed
over 90% of the fungi, as compared to a drug-free control.
Results and Conclusions

The results for the MIC of (C10) and reference com-
pounds against 19 strains of fungi are shown in FIG. 2. The
results for the MFC of C10 against 2 strains of fungi are
shown in Table 2. (C10) had MIC values ranging from
0.25-2 pg/mL against all fungi tested. Addition of 5% keratin
powder to the media did not effect the MIC against T
rubrum. (C10) had fungicidal activity against T. rubrum and
T. mentagrophytes with MFC values of 8 and 16 pg/mL,
respectively. Reference compounds had MIC values in the
range defined by NCCLS.

Example 17

The Solubility, Stability and Log P Determination
of Compounds of the Present Invention by
LC/MS/MS

The solubility, room temperature stability and Log P of
C10 was determined by the following methodology.
Reagents and Standards:

Ethanol: 200 proof ACS Grade (EM Science, Gibbstown,
N.J,, USA); Octanol: Octyl alcohol (EM Science, Gibb-
stown, N.J., USA); Acetonitrile: HPLC Grade (Burdick &
Jackson, Muskegon, Mich., USA); Ammonium Acetate: lot
3272X49621 (Mallinckrodt, Phillipsburg, N.J., USA); C10:
lot A032-103 (Anacor Pharmaceuticals, Palo Alto, Calif.,
USA); p-Nitrophenol (PNP): lot OGNO1 (TCI America,
Portland, Oreg., USA); Water: Deionized water (from Mil-
lipore systems, Billerica, Mass., USA)

Solubility

N-Octanol and water were mutually pre-saturated by
vigorously stirring a mixture of both solvents forup to 12 h
and the mixture was allowed to separate. Solubility in each
solvent was determined by adding 10 pL of 20, 40, 200,
1000 and 5000 pg/mi. of C10 in DMSO to the pre-saturated
n-octanol or water. After the sample was vortexed for 10 sec,
the sample was centrifuged for 10 min at ca. 3000 rpm. A
visual inspection was made to determine if the sample was
clear or if a pellet had formed on the bottom of the tube.
Log P

C10 (10 pL of 5000/mL) at 2x the final concentration
was added to 0.5 mL pre-saturated n-octanol and mixed. An
equal volume (0.5 mL) of pre-saturated water was added,
vortex mixed and then mixed on a rotating shaker for one
hour and 24 h in triplicate at ca. 25° C. The organic and
aqueous layers were separated by centrifugation for 5 min at
ca. 2000 rpm. Twenty five L of the octanol (top) layer were
removed and placed in a pre-labeled tube. Twenty five L of
the aqueous layer (bottom) were removed, taking care to
avoid octanol contamination, and placed in a pro-labeled
tube.
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Stability at Room Temperature

C10 (10 pL of 5000 ng/ml) was added both to 0.5 mL
n-octanol and 0.5 mL water in triplicate. Samples were
mixed. At O h and 24 h samples were stored at ca. -20° C.
Twenty five L of sample was used for analysis.
Extraction Procedure C10

For the octanol sample, 25 pL of ethanol, 25 pL of water
and 300 pL of acetonitrile containing the internal standard
was added. For the water sample, 25 pL of ethanol, 25 pL of
octanol and 300 pL of acetonitrile containing the internal
standard [60 mL of acetonitrile add 6 L of PNP (1000
pg/mL)] was added. For the calibrators 25 pL of octanol, 25
uL of water and 300 pL of acetonitrile containing the internal
standard was added. The sample was vortexed for 10 sec-
onds. Two hundred pL of the organic layer were transferred
into a clean deactivated autosampler vial.
Calculations

A 1/concentration weighted linear regression was used for
the quantitation of C10. All integration were performed with
peak areas using Analyst version 1.3, Applied Biosystems.
For C10, peak area ratios analyte to internal standard PNP
were used for all quantitation.

The partition coefficient (P) was calculated according to
the equation detailed below:

P=[Sample concentration],,,,../[Sample concentra-
[$163. ) I

Log P=log,q(partition cocflicient)

Results:

As shown in Table 17A the solubility of C10 in both
octanol and water is very good over the concentration range
tested.
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TABLE 17C
Water and Octanol stability for C10 at room temperature
after 24 h.
Percent
Mean Remaining 24 b
Sample (ng/mL) SD versus 0 g
Water-0 h 82.5 372 115
Water-24 h 950 214
Octanol-0 b 115 3.06 93
Octanol-24 b 107 6.11
Example 18

Determination of Penetration of C10 into the
Human Nail

Two nail penetration studies were performed based on the
protocol in Hui et al., Journal of Pharmaceutical Sciences,
91(1): 189-195 (2002) (“Hui protocol”). The purpose of this
study was to determine and compare the penetration and
distribution of C10 in vehicle into the human nail plate in
vitro relative to 8% ciclopirox w/w in commercial lacquer
(Penlac®).

Materials and Methods

Test Article and Dosage Formulation

8% ciclopirox w/w in commercial lacquer was manufac-
tured by Dermick (Berwyn, Pa.). The radiochemical purity
and specific activity of the chemical was determined as
>95% and 12.5 mCi/mmol, respectively.

The study was composed of two groups. The composi-
tions (weight %) of the dosage formulations are as follows:

Active radiolabeled compound in four groups.

TABLE 17A
Solubility of C10 in water and octanol Dosing Test Chemical Radioactivity
Groups*® (x14 days) (%) (per 10 pL)
Targeted
Cone Water Octanol 40 A (C10) qd 10 0.19 pCi
(ng/mL) Visual Visual C (Ciclopirox) qd 8 0.22 uCi
0.800 Clear Clear *A = C10 group, C = Ciclopiriox group
4.00 Clcar Clear
20.0 Clear Clear Human Nails
100 Clear Clear

Table 17B shows the results of the log P determination
after 1 h and 24 h for C10. The mean log P after 1 h was 1.97
(n=3). After 24 h the concentrations in both the octanol and
water layer remained the same. The mean log P after 24 h
was 1.93 (n=3).

TABLE 17B
Log P of C10
Cong. in Water Conc. in Octanol

Sample (pg/mL) (ug/mL) Log P

1 k-1 1.26 108 1.93

1h-2 1.21 103 1.93

1 h-3 1.05 115 2.04
24 h-1 1.27 104 1.91
24 b-2 1.17 109 1.97
24 h-3 1.28 99.0 1.89

A stability study for C10 was initiated at room tcempera-
ture over 24 h without continuous mixing. Table 17C shows
that C10 in pure water and octanol is stable over 24 h.
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Healthy human finger nail plates were collected from
adult human cadavers and stored in a closed container at
0-4° C. Before the experiment, the nail plates were gently
washed with normal saline to remove any contamination,
then re-hydrated by placing them for three hours on a cloth
wetted with normal saline. The nail samples were randomly
selected into four groups.

Dosing and Surface Washing Procedures

Dose Preparation:

Radioactivity of each group is approximately 0.19+0.01
and 0.22:0.03 uC/10 plL solutions respectively, for '*C—
C10 (group A), and ‘*C-ciclopirox (group C).

Experiment Procedure:

Study Group A Group C

Day wash dose sample wash dose sample

1
2
3
4
5
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Study Group A Group C
Day wash dose sample wash dose sample
6 w D C w D C
7 w D w D
8 w D w D
9 w D C w D C
10 w D w D
1 w D w D
12 w D & w D C
13 w D w D
14 w D w D
15 w C N w C,N

W = once per day before dosing (9~10 AM).

D « once per day (9~10 AM).

C = changing/sampling cotton tall after surface washing before topical dosing.
N = Nail sampling.

Washing Procedure

Surface washing was started in morning 10 min prior to
next dosing, the surface of the nail was washed with cotton
tips in a cycle, as follows:

a tip wetted with absolute ethanol, then

a tip wetted with 50% IVORY liquid soap, then

a tip wetted with distilled water, then

a final tip wetted with distilled water.

The washing samples from each cycle of each nail were
pooled and collected by breaking off the cotton tip into
scintillation glass vials. Aliquots of 3.0 mL methanol were
added into each vial to extract test material. The radioac-
tivity of each sample was measured in a liquid scintillation
counter.

Incubation System

A Teflon one-chamber diffusion cell (PermeGear, Inc.,
Hellertown, Pa.) was used to hold each nail. To approximate
physiological conditions, a small cotton ball wetted with 0.1
mL normal saline was placed in the chamber to serve as a
nail bed and provide moisture for the nail plate. Every 3
days, 0.1 mL normal saline was injected through the inlet
into the chamber to keep the cotton ball wet. The nail plate
was placed on a ledge inside the receptor (1.0 cm in diameter
and 0.5 cm high). The ventral (inner) surface of the nail was
placed face down and rested on the wet cotton bail. The cells
were placed on a platform in a large glass holding tank filled
with saturated sodium phosphate solution to keep the cells at
a constant humidity of 40%.

Sampling Instrument

The nail sampling instrument had two parts, a nail sample
stage and a drill.

The nail sampling stage consists of a copper nail holder,
three adjustments, and a nail powder capture. Three adjust-
ments allow movement in vertical direction. The first coarse
adjustment (on the top) was for changing the copper cell and
taking powder samples from the capture. The other two
adjustments (lower) were for sampling process. The second
coarse adjustment allowed movement of 25 mm and the fine
adjustment provides movement of 0.20 mm. The nail pow-
der capture was located between the copper celi and the
cutter. The inner shape of the capture was inverted funnel
and the end of funnel connects to a vacuum. By placing a
circle filter paper inside of the funnel, the nail powder
samples were captured on the filter paper during the sam-
pling process.

Sampling Procedure

After completion of the incubation phase, the nail plate
was transferred from the diffusion cell to a clean copper nail
holder for sampling process. The nail plate was inverted so
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that the ventral (nail bed) surface now faced up and the
dorsal (outer) dosed surfaced faced down. The copper nail
holder has an opening as it sits on top of the stage. When the
sampling process initiated, the coarse adjustment was
adjusted to move the position of the stage until the nail plate
was just touching the tip of the cutter. Then the drill was
turned on and the fine adjustment was turned to push the
stage closer to the drill, removing a nail core sample. After
the above process, approximate 0.40-0.50 mm in depth and
7.9 mm in diameter nail pulverized samples were harvested
from the center of the ventral (nail bed) surface of the nail.

The powdered nail samples were collected into a glass
scintillation vial and weighted. Aliquots of 5.0 mL Packard
soluene-350 (Packard Instrument Company, Meriden,
Conn.) was added to the scintillation vial to dissolve the
powder. The upper part, the intermediate and dorsal layers of
the center of the nail, including the area of application of the
dose was cut in the same diameter as the sampled area and
was then placed into a glass scintillation vial with 5.0 mL
packard soluene-350. The rest of the nail was also placed in
a glass scintiilation vial with 5.0 mL packard soluene-350.

The amount of nail sample removed was measured by the
difference in weight of the nail plate before and after drilling,
and collecting the core of powder.
Radioactivity Measurement

All radioactivity measurements were conducted with a
Model 1500 Liquid Scintillation Counter (Packard Instru-
ment Company, Downer Grove, Ill.). The counter was
audited for accuracy using sealed samples of quenched and
unquenched standards as detailed by the instrument manual.
The '“C counting efficiency is equal to or greater than 95%.
All nail samples pre-treated with packard solucne-350 were
incubated at 40° C. for 48 hours followed by the addition of
10 mL scintillation cocktail (HIONIC-FLUOR, Packard
Instrument Company, Meriden, Conn.). Other samples
(standard dose, surface washing, and bedding material) were
mixed directly with Universal ES scintillation cocktail (ICN
Biomedicals, Costa Mesa, Calif.). Background control and
test samples were counted for 3 minutes each for radioac-
tivity.
Data Analysis

All sample counts (expressed as dpm) were transcribed by
hand to a computerized spreadsheet (Microsoft Excel). The
individual and mean (+S.D.) amount of test chemical
equivalent in nail, bedding material, and wash samples are
presented as dpm, uCi, percent administered dose, and mg
equivalent at each time point. The concentration of '*C-
labeled test chemicals were calculated from the value based
on the specific activity of each ['*C]-test chemical. The
information of concentration of non-labeled test chemical in
the topical formulation was obtained from the manufactures.
Total concentration of test chemical equivalent is the sum of
the concentration of '*C-labeled test chemical and the
concentration of non-labeled test chemical. The value of
total amount of test chemical equivalent in each nail sample
was calculated from those values based on radioactivity of
the sample and the ratio of total mg test chemical equivalent
and radioactivity of the test chemical. The data was further
normalized by dividing with the weight of the sample.
Statistical significant of nail samples from every two groups
was analyzed by student t-test.
Results
Characteristics of Nail Samples

For both groups (Group A group and Group C) the
thickness of whole nail plate, the depth of the ventral surface
core sample removed by cutter, the percentage of the whole
nail thickness, and the actual weight of powdered nail
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sample were collected. No statistical difference is found
between two groups (P>0.05).
Weight Normalized C10 and Ciclopirox Equivalent in Nail

FIG. 3 shows summarized normalized drug equivalents in
each part (layer) of nail samples. After weight normaliza-
tion, the concentration of C10 equivalent in dorsal/interme-
diate center, ventral/intermediate center, and remainder nail
samples was significantly higher than that of ciclopirox
equivalent (p=<0.002).

C10 and Ciclopirox Equivalent in Cotton Ball Nail Support-
ing Bed

FIG. 4 shows summarized C10 and ciclopirox equivalent
in supporting bed cotton ball samples. Similar to weight
normalized C10 equivalent in the nail plate samples, abso-
lute amount of C10 equivalent per cotton ball sample in
group A (after 14 day dosing) was significantly higher than
that of ciclopirox in group C (ps0.004). The difference of
these two test chemicals was 250 times.

Mass Balance of Radioactivity of ['*C]-C10 and ['*C]-
Ciclopirox after 14-Day Treatment

Table 5 shows summarized radioactive recovery from
washing, nail samples, and supporting bed cotton bail
samples. Cumulative radioactivity recoveries of carbon-14
were 8829.21, and 89+1.56 percent of applied dose in group
A, and group C, respectively. 88% of the radiolabeled
material was accounted for.

Conclusion

In this study, penetration rate of ['*C]-C10 in Anacor
topical formulation and [**C)-ciclopirox (8% w/w in com-
mercial lacquer) into human nail with four different dosing
and washing methods was studied.

Results show that much more amount of ['*C]-C10 pen-
etrating into the deeper parts of the nail when compared with
[**C]-ciclopirox. Tables 3 and 4 show that the amount of
[**C}-C10 equivalent in ventral/intermediate center of the
nail layer and cotton ball supporting bed in the group A was
statistically higher (ps0.002) than group C after a 14-day
dosing period.

Example 19

Determination of Penetration of C10 into the
Human Nail

The aim of the current study was to assess and compare
the perungual absorption of C10 in a simple vehicle using
MedPharm’s TurChub® model (see http://www.medpharm-
.co.uk; specificaly http://www.medpharm.co.uk/downloads/
Skin%20and%20nail%2dec%202003.pdf viewed Feb. 14,
2006). in a full scale experiment. Six replicates involving
C10 were conducted and Formulations Y (8% ciclopirox
w/w in commercial lacquer) and Z (Loceryl, 5% amorolfine
w/v in commercial lacquer) were used as the reference
formulations.

The following materials were used in these experiments.
These materials were used without any modifications.

A dose of 40 pL/cm? of the test compound C10 in 50:50
propylene glycol:ethyl acetate was applied to a full thickness
nail sample each day over a total duration of five days. Both
the reference formulations were also applied at the same
dose.

TurChub® Zone of Inhibition Experiment

Placebo, test item C10 in vehicle and the reference
formulations Y and Z were tested for their inhibition of
Trichophyton rubrum (T. rubrum) growth after penetration
through a full thickness human nail using a zone of inhibi-
tion measurement.
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Formulation Efficacy Testing

FIGS. 5-9 show the results obtained from the TurChub
zone of inhibition assays. It can be observed that C10 is a
potent antifungal agent, which can penetrate through a full
thickness nail to elicit its effect against the target organism
T rubrum. No zones of inhibition were observed with
reference formulations Y and Z or with the placebo for C10.
The experiment using C10 was repeated for a second time to
confirm the result and it can be observed from FIGS. 6 and
7 that C10 shows zones of inhibition of 100%, 67%, 46%,
57%, 38% and 71% in the first experiment and 74%, 86%,
100%, 82%, 100% and 84% in the second experiment. The
measurement was taken from the nail to the first point of
growth observed.

From the results obtained using MedPharm’s TurChub
zone of inhibition assay as a test system, the test item C10
was found to be a powerful antifungal agent and demon-
strated superior results vs. the commercial reference formu-
lations Y and Z. From these experiments it appears that the
compound is permeating through a full thickness nail barrier
to exhibit the antifungal activity.

Example 20

Determination of Penetration of C10 into the
Human Nail: Dose Response

The optimal dose-response range for penetration into the
buman nail was determined to be between 1% and 15%. The
experiments to determine the optimal dose-response was
conducted as follows.

Tests at different test compound concentrations were
conducted on nails derived from the same cadaver. Cadaver
nails were hydrated overnight, cut into 4 equally sized
squares and placed onto individual poloxomer supports. Test
articles were formulated in a lacquer at 1%, 2.5%, 5%, 7.5%,
10% and 15% w/v. A 40 uL/cm? dose is applied to the center
of the nail piece and the nails are left for 24 hrs. Nails are
removed from the poloxomer support. Poloxomer support is
analyzed for quantity of compound using LC/MS/MS.

Example 21
Preparation of Pyridinyloxaboroles

2la. Mctallation and Boronylation

To a solution of 3-bromo-4-hydroxymethylpyridine (10.7
mmol) and B(OMe), (2.73 mL, 11.9 mmol) in anhydrous
THF (20 mL) at -78° C. under nitrogen was added dropwise
n-Bul.i (13.6 ml., 21.8 mmol). The cooling bath was then
removed. The mixture was warmed gradually with stirring
for 30 min and then stirred with a water bath for 2 h. Brine
was then added and the pH adjusted to 7 using 6N HCI. The
mixture was washed with THF (x2) and the aqueous layer
(containing product) was evaporated to dryness. The residue
was washed with THF and the product was extracted into
ethanol (x2). Ethanol was removed in vacuo, water was
added to the residue and removed in vacuo. Toluene was
added and removed in vacuo. The resulting residue was
triturated with diethy] ether and the product was collected by
filtration to afford C12.
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21b. 7-Hydroxy-2,1-oxaborolano[5,4-c]pyridine
[[1,2]oxaborolo[3,4-c]pyridin-1(3H)-olj (C12)

'H-NMR (300 MHz, DMSO-dy): 8 ppm 5.00 (s, 2H), 7.45
(d, J=5.0 Hz, 1H), 8.57 (d, J=5.3 Hz, 1H), 8.91 (s, 1H), 9.57
(s, IH). ESI-MS m/z 134 (M-H)~, C;H¢BNO,=135.

Example 22
Cyclic Borinic Esters

Additional compounds can be produced by the methods
described herein. By choosing the appropriate starting mate-
rial such as 1 or 3, Examples 1-7 can be used to formulate
the following compounds. Where available, melting point
characterization is provided for these compounds.

22. Results

Analytical data for exemplary compounds of structure I
are provided below.

22a Ethyl 2-(1-hydroxy-1,3-dihydrobenzo|c](1,2]
oxaborol-5-yloxy)acetate (C41)

M.P. 134-137° C. Exemplary starting material: ethyl
2-(4-bromo-3-(hydroxymethyl)phenoxy )acetate.

22b 2-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxa-
borol-5-yloxy)acetic acid (C42)

M.P. 163-166° C. Exemplary starting matenial: ethyl
2-(4-bromo-3-(hydroxymethyl)phenoxy)acetate. The title
compound is obtained after saponification of the correspond-
ing ester.

22¢ 6-(thiophen-2-ylthio)benzo[c][1,2]oxaborol-1
(3H)-ol (C43)

(l)}{
N

= B\O
\_-s

5

20

30

35

45

50

SS

65
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M.P. 99-104° C. Exemplary starting material: (2-bromo-
4-(thiophen-2-ylthio)phenyl)methanol.

22d 6-(4-fluorophenylthio)benzo[c][1,2]oxaborol-1
(3H)-ol (C44)

M.P. 135-138° C. Exemplary starting material: (2-bromo-
4-(4-fluorophenylthio)phenyl)methanol.

22e 1-(3-((1-hydroxy-1,3-dihydrobenzo{c][1,2]oxa-
borol-5-yloxy)methyl)phenyl)pentan-1-one (C45)

(I)H
o) B\
o)
H,yC
o]

M.P. 96-98° C. Exemplary starting material: 1-(3-((4-
bromo-3-(hydroxymethyl)phenoxy)methyl)phenyl)pentan-
1-one.

22f 2-(1-hydroxy-1,3-dihydrobenzo[c](1,2}oxaborol-
S-yloxy)-1-(piperidin-1-yl)ethanone (C46)

M.P. 158-163° C. Exemplary starting material: 2-(4-
bromo-3-(hydroxymethyl)phenoxy)-1-(piperidin-1-yl)etha-
none.

22g 2-(1-hydroxy-1,3-dihydrobenzo[c]{1,2]oxa-
borol-5-yloxy)-1-(4-(pyrimidin-2-yl)piperazin-1-yl)
ethanone (C47)
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M.P. 190-195° C. Exemplary starting material: 2-(4- 221 N-(1-hydroxy-1,3-dihydrobenzo(c][1,2]oxa-
bromo-3-(hydroxymethyl)phenoxy)-1-(4-(pyrimidin-2-yl) borol-6-yl)benzamide (C52)

piperazin-1-yl)ethanone.

22h 6-(4-(pyridin-2-yl)piperazin-1-yl)benzo[c][1,2]
oxaborol-1(3H)-ol (C48)

5 obenzo[c][1,2]Joxaborol-1(3H)-ol.

Sy N/\| OH
K/ | M.P. 186-193° C. Exemplary starting material: 6-amin-

Z
®
E ~”

22m 6-(4-phenylpiperazin-1-yl)benzo[c](1,2]oxa-
borol-1(3H)-ol (C53)

M.P. 135-138° C. Exemplary starting material: (2-bromo-
4-(4-(pyridin-2-yl)piperazin-1-yl)phenyl)methanol.

22i 6-nitrobenzo{c](1,2]oxaborol-1(3H)-ol (C49)
25
N/ﬁ

OH I\/ N B

M.P. 159-161° C. Exemplary starting material: (2-bromo-
M.P. 163-171° C. Exemplary starting material: benzo(c] 4-(4-phenylpiperazin-1-yl)phenyl)methanol.
[1,2]oxaborol-1(3H)-ol. See JACS 82, 2172, 1960 for prepa- >°
ration. 220 6-(1H-indol-1-yl)benzo[c][1,2]oxaborol-1(3H)-
ol (C55)
22j 6-aminobenzofc][1,2]oxaborol-1(3H)-ol (C50)
40

H,N, EI,\ N B\

M.P. 145-148° C. Exemplary starting material: 6-ni- M.P. 135-140° C. Exemplary starting material: (2-bromo-

w
o

trobenzo[c][1,2]Joxaborol-1(3H)-ol. 4-(1H-indol-1-yl)phenyl)methanol.
) 22k 22p 6-morpholinobenzo[c]{1,2]oxaborol-1(3H)-ol
6-(dimethylamino)benzo[c]{1,2]oxaborol-(3H)-ol (C56)
(C51) S

60

—2
®
o]
=
>
—O
o sl

65
M.P. 120-123° C. Exemplary starting material: 6-amin- M.P. 128-132° C. Exemplary starting material: (2-bromo-
obenzo[c][1,2]oxaborol-1(3H)-ol. 4-morpholinophenyl)methanol.
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22q 6-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxa- 22u 1-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxa-

borol-5-yloxy)nicotinonitrile (C57) borol-6-yl)-3-phenylurea (C61)

[
OH OH

NC | I N R B/

7 B\ \

| 0
0
™ 10 o
N (0}

M.P. 213-215° C. Exemplary starting material: 6-amin-

M.P. 193-198° C. Exemplary starting material: 6-(4- obenzo{c][1,2Joxaborol-1(3H)-ol.

bromo-3-(hydroxymethyl)phenoxy)nicotinonitrile.

22v N-(1-hydroxy-1,3-dihydrobenzo[c]}[1,2]oxa-

22r 5-fluoro-6-nitrobenzo[c][1,2]oxaborol-1(3H)-o0l borol-6-yl)benzenesulfonamide (C62)

(C58)

20

(I)H
O,N. u OH
’ B\ O\ /N B/
O 25 //S\\ \O
F o O

M.P. 162-167° C. Exemplary starting material: 5-fluo-

robenzo[c][1,2]oxaborol-1(3H)-ol. 30 M.P. 175-184° C. Exemplary starting material: 6-amin-

obenzo(c][1,2]oxaborol-1(3H)-ol.

22s 5-bromo-6-(hydroxymethyl)benzo[c][1,2]oxa- 35

borol-1(3H)-ol (C59) 22w N-(1-hydroxy-1,3-dihydrobenzofc][1,2]oxa-

borol-6-yl)acetamide (C63)

OH OH 40

" OH
Me N. B/
o} T \0
Br 45 °
M.P>257° C. Exemplary starting material: (2,5-dibromo-
4-(methoxymethyl)phenyl)methanol.

AN

M.P. 176-185° C. Exemplary starting material: 6-amin-
obenzo[c]{1,2]oxaborol-1(3H)-ol.
50

22x
22t 3, 7-dihydro-1,5-dihydroxy-1H,3H-Benzo[2-c: 7-(hydroxymethyl)benzo[c][1,2]oxaborol-1(3H)-ol
4, 5-c'[bis[1,2)oxaborole (C60) (Co4)
55
OH OH
B OH
o\ \o 60 B\
B 0

HO

65
M.P>250° C. Exemplary starting material: (2,5-dtbromo- M.P. 241-250° C. Exemplary starting material: (2-bromo-

1,4-phenylene)dimethanol. 1,3-phenylene)dimethanol.
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22y 7-methylbenzo{c][1,2]oxaborol-1(3H)-ol (C65) M.P. 120-124° C. Exemplary starting material: (2-bromo-
4-(5-methoxy-1H-indol-1-yl)phenyl)methanol.
22cc
Me ol s 5,6-methylenedioxybenzo{c][1,2]Joxaborol-1(3H)-ol.
/ (C69)
BN
6]

OH
O B/
M.P. 107-111° C. Exemplary starting material: (2-bromo- \
3-methylpheny!)methanol. 0
(0]

22z 6-(3-(phenyithio)-1H-indol-1-yl)benzo[c][1,2] i
oxaborol-1(3H)-ol (C66) M.P. 185-189° C. Exemplary starting material: (6-bro-
mobenzo([d][1,3]dioxol-5-yl)methanol.

w

22d4d
6-amino-5-fluorobenzo[c][1,2]oxaborol-1(3H)-ol
(C70)

S
25 OH
=
(l)H HoN
N, B\
O

. . M.P. 142-145° C. Exemplary starting material: 6-nitro-5-
M.P. 159-163° C. Exemplary starting material: (2-bromo- fluorobenzo[c][1,2]oxaborol-1(3H)-ol.
4-(3-(phenylthio)-1H-indol-1-yl)phenyl)methanol.

20

,,
; w
C/\

35 22ee 6-(benzylamino)-5-fluorobenzo[c][1,2]oxa-
22aa 3-(1-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxa- borol-1(3H)-o0l (C71)
borol-6-y1)-1H-indol-3-ylthio)propanenitrile (C67)

40
CN OH
S B\
(¢}
=
(I)H 4s F
N B
\©E>o M.P. 159-164° C. Exemplary starting material: 6-amino-

S-fluorobenzo([c][1,2]oxaborol-1(3H)-ol.

50 22ff 6-(5-methoxy-3-(phenylthio)-1H-indol-1-y1)
M.P. 135-141° C. Exemplary starting material: 3-(1-(3- benzo[c][1,2]Joxaborol-1(3H)-ol (C72)
bromo-4-(hydroxymethyl)phenyl)- 1H-indol-3-ylthio)pro-
panenitrile.

22bb 6-(5-methoxy-1H-indol-1-yl)benzo(c][1,2]
oxaborol-1(3H)-ol (C68)

60

s (I)H \ (I)H
N B\ N B\
MeO o) MeO o}
65
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M.P. 135-141° C. Exemplary starting material: (2-bromo- M.P>225° C. Exemplary starting material: 3-(1-(3-
4-(5-methoxy-3-(phenylthio)-1H-indol- 1-yl)phenyl)metha- bromo-4-(hydroxymethyl)phenyl)-5-chloro-1H-indol-3-yl-
nol. thio)propanenitrile.
22gg 3-(1-(1-hydroxy-1,3-dihydrobenzoc][1,2]oxa-
borol-6-yl)-5-methoxy-1H-indol-3-ylthio)propaneni- 5 22kk
trile (C73) 6-(benzylamino)benzo[c][1,2]oxaborol-1(3H)-ol
(C77)
CN
S/\/ 10
S

OH
N !

MeO \(Di/\o 15
M.P. 149-154° C. Exemplary starting material: 3-(1-(3-
bromo-4-(hydroxymethyl)phenyl)-S-methoxy-1H-indol-3- 20
ylthio)propanenitrile. M.P. 126-133° C. Exemplary starting material: 6-amin-

22hh 4-(1-hydroxy-1,3-dihydrobenzo{c][1,2]oxa- obenzo(c][1,2]oxaborol-1(3H)-ol.
borol-7-yloxy)benzonitrile (C74)

25 2211
6-(dibenzylamino)benzo[c][1,2]Joxaborol-1(3H)-ol

M.P. 148-153° C. Exemplary starting material: 4-(2-

NC : (C78)
0 Ol 30
3s
N.
bromo-3-(hydroxymethyl)phenoxy)benzonitrile.
22ii 6-(5-chloro-1H-indol-1-yl)benzo|c][1,2]oxa-

borol-1(3H)-0l (C75) 40

o,
E/\
o g

M.P. 115-123° C. Exemplary starting material: 6-amin-

s oH obenzo(c][1,2}oxaboroi-1(3H)-ol.
I
N B 45

22 mm 7-(4-(1H-tetrazol-5-yl)phenoxy)benzo{c][1,
2]oxaborol-1(3H)-o0l (C79)

M.P. 149-154° C. Exemplary starting material: (2-bromo- sg
4-(5-chloro-1H-indol-1-yl)phenyl)methanol.

22jj 3-(5-chloro-1-(1-hydroxy-1,3-dihydrobenzo|c] New
[1,2]oxaborol-6-yl)-1H-indol-3-ylthio)propanenitrile N// N
(C76) |
55 N
CN 0 OH

rial: 4-(1-hydroxy-1,3-dihydrobenzo(c](1,2]oxaborol-7-
yloxy)benzonitrile.

. /\/ ;
60
\0
N B\
cl [¢] 65  M.P. decomposition at 215° C. Exemplary starting mate-
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22nn 6-(5-chloro-3-(phenylthio)-1H-indol-1-yl) 22rr 4-(1 -hydro.xy-l,3‘-d‘il}ydmbenzp[c] [1,2]oxa-
benzo[c}(1,2]oxaborol-1(3H)-ol (C80) borol-6-ylthio)pyridinium chloride (C84)
s
OH
s }
® 7 \
lo | P
S 10 u” Y
NS . .
OH M.P. NA ° C. Exemplary starting material: (2-bromo-4-

N EL (pyridin-4-ylthio)phenyl)methanol.
ct \0 15 22ss 6-(pyridin-2-ylthio)benzo[c][1,2]oxaborol-1
(3H)-ol (C85)

20

OH
M.P. 145-151° C. Exemplary starting material: (2-bromo- P S II;
4-(5-chloro-3-(phenylthio)- 1H-indol-1-yl)phenyl)methanol. @( \©:>O

L

22pp 6-(4-(pyrimidin-2-yl)piperazin-1-yl)benzo[c] 25
(1, 2Joxaborol-1(3H)-ol (C82) M.P. NA ° C. Exemplary starting material: (2-bromo-4-
(pyridin-2-ylthio)phenyl)methanol.

22tt 7-fluorobenzo(c)[1,2]oxaborol-1(3H)-ol (C86)

N N OH OH

K/ N }L B/
35 \

M.P. 120-124° C. Exemplary starting material: (2-bromo-
3-fluorophenyl)methanol.

. . 22uu 6-(4-(trifluoromethyl)phenoxy)benzo(c][1,2]
M.P. NA ° C. Exemplary starting material: (2-bromo-4- oxaborol-1(3H)-ol (C87)
(4-(pyrimidin-2-yl)piperazin-1-yl)phenyl)methanol.
45

22qq 7-(benzyloxy)benzo|c]{1,2]oxaborol-1(311)-ol

OH
(C83) 0 /
\
F3C
M.P. 98-105° C. Exemplary starting material: (2-bromo-
55 4-(4-(trifluoromethyl)phenoxy)phenyl)methanol.
22vv 6-(4-chlorophenylthio)benzo(c]{1,2]oxaborol-1
o Ol (3H)-ol (C88)
/
B
\o 60

OH
s B/
JOROS
65 Cl

M.P. NA ° C. Exemplary starting material: (3-(benzy-
loxy)-2-bromophenyl)methanol.
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M.P. 157-161° C. Exemplary starting material: (2-bromo- M.P. 111-113° C. Exemplary starting material: (2-bromo-
4-(4-chlorophenylthio)phenyl)methanol. 4-(4-(trifluoromethyl)phenylthio)phenyl)methanol.
22ww 6-(4-chlorophenylsulfinyl)benzo[c][1,2]oxa- 22aaa 6-(4-(trifluoromethyl)phenylsulfinyl)benzo(c]
borol-1(3H)-o0l (C89) s [1,2]Joxaborol-1(3H)-ol (C93)
o]
ﬁ OH Il /OH
S B/ 10 § B\
oA, JORP,
cl F4C
M.P. 154-161° C. Exemplary starting material: 6-(4- B M.P. 79-88° C. Exemplary starting material: 6-(4-(trifluo-
chlorophenylthio)benzo(c][1,2]Joxaborol-1(3H)-ol. romethyl)phenylthio)benzo{c][1,2]Joxaborol-1(3H)-ol.
. 22bbb 6-(4-(methylthio)phenylthio)benzo[c]{1,2]
22xx 6-(4-chlorophenylsulfonyl)benzo[c][1,2]oxa oxaborol-1(3H)-ol (C94)

20

borol-1(3H)-ol (C90)

OH

/OH s B/

| B 25 \o
]

o

M.P. 117-120° C. Exemplary starting material: (2-bromo-

M.P. 157-163° C. Exemplary starting material: 6-(4- 0 4-(4-(methylthio)phenylthio)phenyl)methanol.
chlorophenylthio)benzo[c][1,2]oxaborol-1(3H)-ol. 22cce 6-(p-tolylthio)benzolc][ 1,2]oxaborol-1(3H)-ol
22yy N-(1-hydroxy-1,3-dihydrobenzo[c][ 1,2Joxa- (€93)

borol-5-yI)-N-(phenylsul fonyl)benzenesulfonamide
(C91)

n=—=0

O

35

OH

s d

\

OH [0}
B/ 40
HsC
0 \
d /©:/°
0% Sy M.P. 139-144° C. Exemplary starting material: (2-bromo-

4-(p-tolyithio)phenyl)methanol.

22ddd 3-((1-hydroxy-1,3-dihydrobenzo[c][1,2]oxa-
borol-5-yloxy)methyl)benzonitrile (C96)
50
/OI{
M.P. 142-152° C. Exemplary starting material: N-(4- B
bromo-3-(hydroxymethyl)phenyl)-N-(phenylsulfonyl)ben- \0
zenesulfonamide. 3

NC
55 O
227z 6-(4-(trifluoromethyl)phenylthio)benzo(c][1.2] \©/\
oxaborol-1(3H)-ol (C92)

M.P. 147-150° C. Exemplary starting material: 3-((4-
OH bromo-3-(hydroxymethyl)phenoxy)methyl)benzonitrile.

§ B< Example 23
O/ \Oi/o Alternative Preparation of 4 from 3
F;C 65

A 22.0 L 3-neck flask was equipped with a stir motor, N,
inlet, addition funnel, heating mantle, and condenser. The

8
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flask was charged with 3500 g (17.1 mol) of 2-bromo-5-
fluorobenzy! alcohol followed by the addition of 3556 g of
tetrahydrofuran and 16.4 g (0.17 mol) of methanesulfonic
acid. Next, 400 g (4.7 mol) of 3,4-dihydro-2H-pyran was
added at 10° C. This step is exothermic so no additional
charges should be made until exotherm subsides. The tem-
perature was increased to 27° C,, stirred for 15 min and then
charged with 400 g (4.7 mol) of 3,4-dihydro-2H-pyran at
24° C. Again the temperature increased (24° C. to 38° C.).
The mixture was stirred for 15 min. Once the exotherm
subsided, the flask was again charged with 400 g (4.7 mol)
of 3,4-dihydro-2H-pyran at 35° C. The temperature again
increased to 47° C. over a 20 min period. Once the exotherm
subsided, the mixture was stirred for 15 min. Finally the
remaining 400 g (4.7 mol) of 3,4-dihydro-2H-pyran was
added at 44° C. The temperature increased to 51° C. After
stirring for one hour, a sample was removed to check for
removal of starting material. Upon reaction completion,
contents were cooled to 2025° C.

Example 24

F.
OTHP Mg, DIBAL
ettt e el
THF
Br Step 2A
4
C[;H]QBIFOZ
Mol. Wt.: 289.14
F
OTHP  B(OMe);
—
Step 2B
MgBr
C)2H4BrFMgO,
Mol. Wt.: 313.45
F
OTHP
B(OMe),
S
C14H20BFO,
Mol. Wt.: 282.12
Alternative Preparation of 5 from 4

To a 22.0 L 3-neck flask equipped with a stir motor, N,
inlet, addition funnel, cooling bath, and condenser was
charged 436 g (17.96 mol) of magnesium turnings. 5334 g
of tetrahydrofuran was then added followed by 291 g (0.51
mol) of diisobutylaluminum hydride (DIBAL) (25% wt) in
toluene. The mixtwre was stirred for 60 min at 20+5° C.
Some gas evolution was seen. Next, 260-430 g ~3-5% (by
weight if solution of 4 was dropped to drums) of 4 in THF
was added. The mixture was stirred for 15-30 min at which
time a slight exotherm should be seen (AT=10-15° C.). Once
the exotherm was observed, the reaction mixture was cooled
to 5£5° C. To this mixture, the remaining 8.22-8.39 kg of 4
in THF was added at a rate such that the temperature was
kept below 30° C. (t=3 h). The reaction was stirred at 20-25°
C. for 30 min, at which time an aliquot was removed, quench
with 3 N HC1 (10 mL), and analyzed.

20

25

30

50

§S

60

212

Upon completion, the contents were cooled to -25+5° C.
A solution of trimethylborate in THF was prepared by
mixing 2665 g (25.7 mol) of trimethyl borate and 6666 g of
tetrahydrofuran. This solution can be prepared in a drum
with stirring.

Next, the 9331 g of trimethyl borate in THF was added at
a rate such that the temperature was kept between -35 and
-20° C. (t=2.5 h). The mixture became very thick so THF
was added. After stirring at -25+5° C. for 10 min, 50 mL
aliquot was removed, quenched with 25 mL of 3N HC], and
submitted for CoR. Stirring continued at -25+5° C. for 1 h,
and then the mixture was allowed to warm to ambient
temperature, where it was stirred for at least 12 h. Pull two
samples (one at 6 h and the other at 12 h).

Results:

'H-NMR (300 MHz, DMSO-d;) 8 (ppm) 1.45-1.75 (m,
6H), 3.53 (s, 6H), 3.45 (m, 1H), 3.75 (m, 1H), 4.69 (t, J=3
Hz, 1H), 4.97 (d, J=14.1 Hz, 1H), 5.14 (d, J=14.1 Hz, 1H),
7.03 ((td, J=8.4, 2.7 Hz, 1H), 7.24 (dd, J=10.8, 2.1 Hz, 1H),
7.89 (t, J-7.8 Hz, 1H), 8.76 (s, 1H).

Example 25
Alternative Preparation of 1 from 5
F.
OTHP
Water:AcOH
B(OMe); Step 2C
5
C)4H29BFO4
Mol. Wt.: 282.12
F.
/O
B
OH
AN2690
C;H¢BFO,
Mol. Wt.: 151.93

To the reaction mixture above was added 5.3 kg of USP
water. After stirring for 30 min, the mixture was charged 5.3
kg of acetic acid. Gas evolution was seen. After stirring for
30 min, an aliquot was removed for analysis. Mixture was
then heated to reflux for 36-48 hours. During the reflux
period, 12-13 L of THF were removed.

When the reaction was complete, the contents were
cooled by the reactor to s40° C. by setting jacket and by
charging 10.5 kg of USP water. THF was removed until
distillate did not remain. Contents of the reactor were
transferred to Rosenmund filter dryer and allowed to cool to
20+5° C. Reactor was rinsed with water, filtered, and then
washed again with 10.5 kg of USP water. The flask was
charged with 10.5 kg of 10% ACN in water (v/v) and
agitated for 1 h. After filtering, the cake was washed with
10.5 kg of 10% ACN in water (v/v), and then charged with
10.5 kg 10% ACN in water (v/v). The contents were agitated
for 1 h. The contents were subsequently washed with 10.5 kg
of USP water, charged with 7.0 L of 5% Methyl t-Butyl
Ether (MTBE)/Heptane (v/v), agitated for 1 h, filtered,
charged with 7.0 L of 5% MTBE/Heptanes (v/v) and again
agitated for 1 h. After filtering, the contents were charged
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again with 7.0 L of heptane and filtered. Solids were dried
at =45° C. to constant weight. Solids were recrystallized
from toluene:heptane 75:25.

Example 26

Altemative Preparation of C10-Intermediate

[[4-Fluoro-2-([(tetrahydro-2H-pyran-2-yl)oxy}
methyl]phenyl]boronic acid

2-Bromo-5-fluorobenzyl alcohol (5 g, 24.4 mmol) was
dissolved in dichloromethane (100 mL). To this solution was
added 3,4-dihydro-2H-pyran (3.2 mL, 36.6 mmol) and (1S)-
(+)-10-camphorsulfonic acid (117 mg, 0.5 mmol) and stirred
at RT under nitrogen for 4 h. Saturated sodium bicarbonate
was added to quench the reaction. It was extracted using
dichloromethane and the organic layer was washed with
brine and dried over sodium sulfate, then concentrated in
vacuo to give [1-bromo-4-fluoro-6-[(tetrahydro-2H-pyran-
2-yl)oxy]methyl}benzene as a colorless oil (7 g, 100%).

{1-Bromo-4-fluoro-6-[(tetrahydro-2H-pyran-2-yl)oxy]
methyl]benzene (1.8 g, 6.2 mmol) was dissolved in THF and
cooled to -78° C. under nitrogen. To this solution was added
n-butyllithium (1.6M in hexane)(6.2 mL, 9.3 mmol) drop-
wise, then added triisopropyl borate (2.2 mL, 9.3 mmol).
The mixture was slowly warmed to RT and stirred for 3 h.
Water was added to quench the reaction. It was then
extracted using ethyl acetate, washed with brine, dried over
sodium sulfate and concentrated in vacuo. After column
chromatography (silica gel; hexane:ethy] acetate=4:1 to 2:1)
purification, [[4-Fluoro-2-[(tetrahydro-2H-pyran-2-yl)oxy]
methyl]pheny!)boronic acid was obtained as a white solid
(1.1 g, 70%).

Results:

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 1.45-1.74 (m,
6H), 3.44 (m, 1H), 3.75 (m, 1H), 4.58 (d, J=13.2 Hz, 1H),
4.64 (t, J=3 Hz, 1H), 4.79 (d, J=13.2 Hz, 1H), 7.03 (1d, }=8.4,
2.7 Hz, 1H), 7.13 (dd, J=10.8, 2.7 Hz, 1H), 7.50 (t, J=6.9 Hz,
1H).

Example 27

Alternative Preparation of C10-Intermediate

and
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~continued

[[4-Fluoro-2-[(tetrahydro-2H-pyran-2-yljoxy]
methyl]phenyl}boronic acid dimethyl ester

[[4-Fluoro-6-[(tetrahydro-2H-pyran-2-yl)oxy]methyl]
phenyl]boronic acid (100 mg) was dissolved in dry metha-
nol, the solution was distilled repeatedly to remove water.
The resulting residue was immediately characterized by
NMR and was found to be a mixture containing dimethyl
ester and monomethy] ester.

[[4-Fluoro-2-{(tetrahydro-2H-pyran-2-yl)oxy]
methyl]phenyl]boronic acid dimethyl ester

'H-NMR (300 MHz, DMSO-d,) & (ppm) 1.45-1.75 (m,
6H), 3.43 (s, 6H), 3.45 (m, 1H), 3.75 (m, 1H), 4.69 (t, J=3
Hz, 1H), 4.97 (d, J=14.1 Hz, 1H), 5.14 (d, J=14.1 Hz, 1H),
7.03 ((td, J=8.4, 2.7 Hz, 1H), 7.24 (dd, J=10.8, 2.1 Hz, 1H),
7.89 (t, =7.8 Hz, 1H).

[[4-Fluoro-6-[(tetrahydro-2H-pyran-2-yl)oxy}
methyl]phenyl]boronic acid monomethy! ester

'H-NMR (300 MHz, DMSO-d,) 3 (ppm) 1.45-1.75 (m,
6H), 3.53 (s, 6H), 3.45 (m, 1H), 3.75 (m, 1H), 4.69 (t, J=3
Hz, 1H), 4.97 (d, J=14.1 Hz, 1H), 5.14 (d, J=14.1 Hz, 1H),
7.03 ((td, J=8.4, 2.7 Hz, 1H), 7.24 (dd, J=10.8, 2.1 Hz, 1H),
7.89 (t, ]=7.8 Hz, 1H), 8.76 (s, 1H).

Example 28

Alternative Preparation of C10-Intermediate

{(4-Fluoro-2-methoxoxymethoxyethyl)phenyl Jboronic
acid

[1-Bromo-4-fluoro-6-methoxymethoxymethyl]benzene
(525 mg, 2 mmol) was dissolved in THF and cooled to -78°
C. under nitrogen. To this solution was added n-butyllithium
(1.6M in hexane)(1.5 mL, 2.4 mmol) dropwise, then added
triisopropy! borate (0.7 mL, 2.4 mmol). The mixture was
slowly warmed to RT and stirred for 3 h. Water was added
to quench the reaction. It was then extracted using ethyl
acetate, washed with brine, dried over sodium sulfate and
concentrated in vacuo. After recrystallization from hexane:
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ethyl acetate=4:1 [(4-Fluoro-2-methoxymethoxymethyl)
phenyl]boronic acid was obtained as a white solid (340 mg,
75%).

'H-NMR (300 MHz, DMSO-d,) & (ppm) 3.28 (s, 3H),
4.70 (s, 2H), 5.02 (s, 2H), 7.04 (1d, J=9.0, 3.0 Hz, 1H), 7.23
(dd, J=11.1, 2.4 Hz, 1H), 7.90 (t, J=7.8 Hz, 1H).

Example 29

Alternative Preparation of C17-Intermediate

NC B

[[4-[4<yanophenoxy]-2-[(tetrahydro-2H-pyran-2-yl)
oxy]methyl]phenyl]boronic acid

2-Bromo-5-(4-cyanophenoxy)benzyl alcohol (104 g,
34.2 mmol) was dissolved in dichloromethane (110 mL). To
this solution was added 3,4-dihydro-2H-pyran (9.2 mL, 101
mmol) and (1S)-(+)-10-camphorsuifonic acid (156 mg, 0.67
mmol) and stirred at RT under nitrogen for 3 h. Methane-
sulfonic acid (50 pL, 0.77 mmol) was then added and
reaction was stirred overnight. Saturated sodium bicarbonate
was added to quench the reaction. It was extracted using
ethyl acetate and the organic layer was washed with brine
and dried over sodium sulifate, then concentrated in vacuo to
give [1-bromo-4-(4-cyanophenoxy)-6-[(tetrahydro-2H-
pyran-2-yl)oxy]methyl]benzene as a colorless oil (13.3 g
quant.).

[1-Bromo-4-(4-cyanophenoxy)-6-((tetrahydro-2H-pyran-
2-yl)oxy]methyl]benzene (13.3 g, 34.2 mmol) was dissolved

20

25

30

35

in THF (100 mL), triisopropyl borate (8.5 mL, 37 mmol) %0

was added and the reaction was cooled to -78° C. under
nitrogen. To this solution was added n-butyllithium (1.6M in
hexane)(22 mL, 35.2 mmol) dropwise. The mixture was
slowly warmed to RT and stirred overnight. THF was
removed in vacuo and the residue was dissolved in ethyl
acetate. It was then washed with water, brine, dried over
sodium sulfate and concentrated in vacuo. After column
chromatography (silica gel; hexane:ethyl acetate 2:1) puri-
fication of a portion of crude, [[4-(4-cyanophenoxy)-6-
[(tetrahydro-2H-pyran-2-yl)oxy]methyl] phenyl Jboronic
acid was obtained as a clear oil (500 mg, 4%).

'H-NMR (300 MHz, DMSO-d4+D,0) 8 (ppm) 1.35-1.75
(m, 6H), 3.40 (m, 1H), 3.73 (m, 1H), 4.58 (d, J=13.2 Hz,
1H), 4.59 (s, 1H), 4.77 (d, J=12.7 Hz, 1H), 6.99 (dd, J=8.1,
2.2 Hz, 1H), 7.05 (m, 3H), 7.54 (d, J=7.9 Hz, 1H), 7.81 (d,
J=8.8 Hz, 2H).
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Also isolated was [[4-(4-pentanoylphenoxy)-6-((tetra-
hydro-2H-pyran-2-yl)oxy]methyl]phenyi]boronic acid as a
clear oil (500 mg, 4%). 'H-NMR (300 MHz, DMSO-d¢+
D,0) & (ppm)), 0.85 (t, J=7.5 Hz, 3H), 1.20-1.75 (m, 10H),
2.93 (t, J=7.0 Hz, 2H), 3.42 (m, 1H), 3.70 (m, 1H), 4.58 (d,
J=12.8 Hz, 1H), 4.60 (s, 1H), 4.78 (d, J=13.2 Hg, 1H), 6.94
(d, J=8.4 Hz, 1H), 7.03 (d, J=8.4 Hz, 2H), 7.04 (s, 1H), 7.54
(d, J=8.4 Hz, 1H), 7.96 (d, J=8.4 Hz, 2H).

Example 30

Altcrnative Preparation of C17-Intcrmediate

~N

|
NC B
\0/
o o
O U
~

1
NC B
Sou
o o
o U

[[4-{4-cyanophenoxy]-2-[ (tetrahydro-2H-pyran-2-yl)
oxy]methyl]phenyl]boronic acid dimethy! ester

and

Using the same method as in C10 Example IIE, a mixture
of mono- and dimethyl esters of [[4-(4-cyanophenoxy)-2-
[(tetrahydro-2H-pyran-2-yl)oxy]methyl]phenyl]boronic
acid were synthesized.

'H-NMR (300 MHz, DMSO-d,) & (ppm) 1.35-1.80 (m,
6H), 3.40-3.50 (m, 7H), 3.60-3.70 (m, 1H), 4.43 (d, J=12.7
Hz, 1H), 4.60-4.80 (m, 2H), 6.95-7.15 (m, 4H), 7.38 (d,
J=8.4 Hz, 1H), 7.80-7.90 (m, 2H).

[[4-[4-cyanophenoxy]-6-{(tetrahydro-2H-pyran-2-y1)
oxy]methyl]phenyljboronic acid monomethyl ester

'H.NMR (300 MHz, DMSO-d,) & (ppm) 1.35-1.80 (m,
6H), 3.40-3.50 (m, 1H), 3.55 (s, 3H), 3.60-3.70 (m, 1H),
4.55 (d. J=12.8 Hz, 1H), 4.60-4.80 (m, 2H), 6.95-7.15 (m,
4H), 7.53 (d, }=7.9 Hz, 1H), 7.80-7.90 (m, 2H), 8.77 (s, 1H).

and
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-continued

0
!
Sox
o o
O U

Using the same method as above, a mixture of mono- and
dimethy] esters of [[4-(4-pentanoylphenoxy)-2-[(tetrahydro-
2H-pyran-2-yl)oxy]methyl]phenyl]boronic acid were syn-
thesized.

[[4-(4-pentanoylphenoxy)-2-[(tetrahydro-2H-pyran-
2-yl)oxy]methyl]phenyl]boronic acid dimethy] ester

H-NMR (300 MHz, DMSO-d,) & (ppm) 0.87 (1, J=7.3
Hz, 3H), 1.25-1.80 (m, 10H), 2.94 (t, J=73 Hz, 2H),
3.40-3.50 (m, 7H), 3.60-3.70 (m, 1H), 4.43 (d, J=12.8 Hz,
1H), 4.60-4.80 (m, 2H), 6.90-7.10 (m, 4H), 7.36 (d, J=7.9
Hz, 1H), 7.95-8.05 (m., 2H).

[[4-(4-pentanoylphenoxy)-6-[(tetrahydro-2H-pyran-
2-yl)oxy]|methyl]phenyl]boronic acid monomethyl
ester

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 0.87 (t, J=7.3
Hz, 3H), 1.25-1.80 (m, 10H), 2.94 (t, J=73 Hz, 2H),
3.40-3.50 (m, 1H), 3.55 (s, 3H), 3.60-3.70 (m, 1H), 4.55 (d,
J=12.8 Hz, 1H), 4.60-4.80 (m, 2H), 6.95-7.15 (m, 4H), 7.52
(d, 1=7.9 Hz, 1H), 7.95-8.05 (m, 2H), 8.75 (s, 1H).

Example 31

Alternative Preparation of C10-Intermediate

Br
: | o -~
F \H

Alcohol

Y
=

Borate

Br
o]
Jo¥a
F \0
PN

Alcohol-Borate
Intermediate

CDCly

room temp.
B —
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To a pre-recorded NMR tube containing a solution of
2-bromo-5-fluorobenzy! alcohol (16 mg, 0.078 mmol) in
CDCl, (0.75 mL) was injected triisopropyl borate (0.036
mL, 2 eq, 0.156 mmol) and the solution was sonicated
briefly for 30 second at room temperature. 'H NMR deter-
mination indicated there were 74.3 mol % of the desired
alcohol-borate intermediate, 19.3 mol % of an unknown
intermediate and 6.3 mol % of unreacted alcohol.

Results:

'H NMR (CDCl,, 300 MHz) of (2-bromo-5-flucrobenzyl)
diisopropy! borate: 8=7.45 (dd, J=8.7 Hz, J=5.1 Hz, 1H),
7.20 (dd, J=9.6 Hz, J=2.7 Hz, 1H), 6.84 (td, J=8.1 Hz,
J /3.3 Hz, 1H), 4.84 (s, 2H), 4.44 (scptet, J=6.0 Hz, 2H),
1.18 (d, J=6.0 Hz, 12H) ppm. ‘H NMR (CDCl,, 300 MHz)
of an unknown intermediate: 877.47-7.42 (1H overlap with
product peaks), 7.16 (dd, 1H, partially overlap with product
peak), 6.91-6.81 (1H, overlap with product peak), 4.94 (s,
2H), and other unknown peaks due to overlapping. ‘H NMR
(CDCl,, 300 MHz) of 2-bromo-5-fluorobenzyl alcohol pre-
recorded before mixing: 8=7.48 (dd, J=9.0 Hz, J=5.4 Hz,
1H, overlap with product peaks after mixing with triisopro-
pyl borate), 7.26 (dd, J=9.3 Hz, J=3.3 Hz, 1H, intensity
decreased but resolved after mixing), 6.88 (td, J,=8.3 Hz,
J/3.0 Hz, 1H, overlap with product peaks after mixing),
4.71 (s, 2H, CH, intensity decreased but resolved after
mixing), 2.04 (s, 1H, OH disappeared after mixing with
triisopropyl borate) ppm.

Example 32

Alternative Preparation of C17-Intermediate

NC Br
\Q\ /@/ ’
O
0 ~H

CDCI3

room temp.
——

o
b
a6

NC Br
0
QA
o—8
0 \

The procedure described in Example II I was followed for
‘H NMR characterization of the current alcohol-borate
intermediate. 'H NMR determination indicated there were
72.7 mol % of the desired alcohol-borate intermediate
[2-bromo-5-(4-cyanophenoxy)benzyl]diisopropyl  borate,
20.7 mol % of an unknown intermediate and 6.5 mol % of
unreacted alcohol. 'H NMR (CDCl,, 300 MHz) of
[2-bromo-5-(4-cyanophenoxy)benzyl]diisopropyl  borate:
8=7.61 (d, J=9.0 Hz, 2H), 7.52 (d, J=8.4 Hz, 1H), 7.15 (d,
J=3.0 Hz, 1H), 7.03 (d, J=8.7 Hz, 2H), 6.84 (dd, J=8.7 Hz,
J=3.0 Hz, 1H), 4.85 (s, 2H), 4.35 (septet, J-6.1 Hz, 2H), 1.11
(d, J=6.1 Hz, 12H) ppm.
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Example 33

Alternative Preparation

S Br
/O/ \CK/ '
O
a SH

Y
-

BORSOFe
L

The procedure described in Example 11 1 was followed for
'H NMR characterization of the current alcohol-borate
intermediate. '"H NMR determination indicated there were
73.5 mol % of the desired alcohol-borate intermediate
[2-bromo-4-(4-chlorophenylthio)benzyl]diisopropyl borate,
20.2 mol % of an unknown intermediate and 6.2 mol % of
unreacted alcohol. 'H NMR (CDCl,, 300 MHz) of
[2-bromo-4-(4-chlorophenylthio)benzyl]diisopropyl borate:
8=7.48 (d, J=1.8 Hz, 1H), 7.40 (d, J=8.3 Hz, 1H), 7.27 (s,
4H), 7.25 (dd, J=8.3 Hz, J=1.8 Hz, 1H), 4.86 (s, 2H), 4.42
(septet, J=6.3 Hz, 2H), 1.16 (d, J=6.3 Hz, 12H) ppm.

CDC13

room temp.
—_—

Example 34

C10-Adenosine Complex

B
/@) '
O
F

NH,
N
</ I SN CH3COONs
DMF,100°C. 3 h
HO =
N N

O

HO OH
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~continued
NH,;
4 J
HO.
N N
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A mixture of 1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzo-
xaborole (C10, 0.76 g, S mmol), adenosine (1.34 g, S mmol)
and sodium acetate (0.41 g, 5 mmol) in dry DMF (100 mL)
was stirred at 100° C. for 3 h under nitrogen atmosphere.
The homogeneous solution was rotary evaporated at 50° C.
under high vacuum. The residue was mixed with methylene
chloride, sonicated and filtered under nitrogen atmosphere to
give the desired complex as white solid that was pumped
overnight (2.2 g, yield 100%). '"H NMR indicated there were
5.7 mol % of unreacted adenosine, 5.5 mol % of unreacted
C10, and the reaction conversion was more than 94%. 'H
NMR (DMSO-d,, 300 MHz): 6=8.33 (s, 1H), 8.12 (s, 1H),
7.35-7.14 (broad m, 1H), 7.29 (s, 2H), 6.80 (broad m, 1H),
6.73 (d, J=9.9 Hz, 1H), 5.99 (broad d, J=2.1 Hz, 1H), 5.10
(very broad s, 1H), 4.71 (dd, J=5.7 Hz, J=3.9 Hz, 1H), 4.51
(s, 2H), 4.42 (dd, J=6.3 Hz, J=3.9 Hz, 1H), 4.07 (broad s,
1H), 3.64 (dd, J=12 Hz, J=3.6 Hz, 1H) and 3.52 (dd, J=12
Hz, J=5.1 Hz, 1H) ppm; M.p: started soften at 115° C. due
to residue solvents, remained as soften solid and started
decomposing at 230° C.; HPLC: 91.8% at 220 nm (adenos-
ine was 5.3%); MS: m/z=423 (M-, ESI-), 392 (M-CH,OH,
ESI+).

Example 35

C17-Adenosine Complex

OH
NC B/
\o .
0
NH,
N
</ | SN CH3;COONa
HO DMF,100°C. 3 h
N ) _—
o N
HO OH
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-continued
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The procedure described above was adapted for the
preparation of the title complex by replacing (C10) with
5-(4-cyanophenoxy)-1,3-dihydro-1-hydroxy-2,1-benzoxa-
borole (C17, 1.25 g, S mmol). White solid product (2.7 g,
yield 100%) was obtained after pumping overnight. 'H
NMR indicated there were 3.5 mol % of unreacted adenos-
ine, 3.5 mol % of unreacted C17, and the reaction conver-
sion was more than 96%. 'H NMR (DMSO-d,, 300 MHz):
$=8.35 (s, 1H), 8.13 (s, 1H), 7.76 (d, J=8.7 Hz, 2H),
7.45-7.36 (broad m, 1H), 7.29 (s, 2H), 7.00 (d, J=8.7 Hz,
2H), 6.81 (broad m, 1H), 6.73 (s, 1H), 6.01 (broad s, 1H),
5.10 (very broad s, 1H), 4.73 (dd, J=6.0 Hz, J=3.9 Hz, 1H),
4.54 (s, 2H), 4.45 (dd, J=6.0 Hz, J=3.9 Hz, 1H), 4.09 (broad
s, 1H), 3.65 (dd, J=12 Hz, J=3.3 Hz, 1H) and 3.54 (dd, J=12
Hz, J=4.8 Hz, 1H) ppm; M.p: started soften at 120° C. due
to residue solvents, remained as soften solid and started
decomposing at 230° C.; HPLC: 92.1% at 220 nm (adenos-
ine was 3.8%).

Example 36

C28-Adenocsine Complex
/OH
S B\
0 +

NH,
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DMF, 100°C. 3 b
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The procedure for the synthesis of C10-adenosine com-
plex was adapted for the preparation of the title complex by
replacing (C10) with 6-phenylthio-1,3-dihydro-1-hydroxy-
2,1-benzoxaborole (C28, 1.21 g, 5 mmol). White solid
product (2.8 g, yield 100%) was obtained after pumping
overnight. '"H NMR indicated there was 5 mol % of unre-
acted C28, and the reaction conversion was 95%. 'H NMR
(DMSO0-d,, 300 MHz): 3=8.29 (s, 1H), 8.13 (s, 1H), 7.53
(broad s, 1H), 7.29 (s, 2H), 7.32-7.04 (m, 7H), 6.05-5.96
(broad m, 1H), 5.15 (very broad s, 1H), 4.73-4.70 (m, 1H),
4.58 (s, 2H), 4.46 (broad s, 1H), 4.12-4.03 (broad m, 1H),
3.63 (dd, J=11.7 Hz, J=3.3 Hz, 111) and 3.52 (dd, J=11.7 Hz,
J=4.8 Hz, 1H) ppm; M.p: started soften at 110° C. due to
residue solvents, remained as soften solid and started
decomposing at 238° C. HPLC: 91.3% at 220 nm (adenosine
was 3.8%).

Example 37

C2-Adenosine Complex

CH3COONa
DMF,100°C.3h

—_—
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The procedure for the synthesis of C10-adenosine com-
plex was adapted for the preparation of the title complex by
replacing (C10) with 1,3-dihydro-1-hydroxy-2,1-benzoxa-
borole (C2, 0.67 g, 5 mmol). Cream solid product (2.18 g,
yield 100%) was obtained after pumping overnight. 'H
NMR indicated there was 4.5 mol % of unreacted C2, and
the reaction conversion was more than 94%. 'H NMR
(DMSO-d,, 300 MHz): 3=8.33 (s, 1H), 8.13 (s, 1H), 7.42-
7.20 (broad m, 1H), 7.30 (s, 2H), 7.03-6.94 (m, 3H), 6.02 (d,
J=3.6 Hz, 1H), 5.25 (very broad s, 1H), 4.73 (dd, J=5.7 Hz,
J=4.2 Hz, 1H), 4.56 (s, 2H), 4.46 (dd, J-6.0 Hz, J=3.9 Hz,
1H), 4.10 (broad q, J=3.3 Hz, 1H), 3.66 (dd, J=12 Hz, J=2.7
Hz, 1H) and 3.52 (dd, J=11.7 Hz, J=4.8 Hz, 1H) ppm; M.p:
started soften at 115° C. due to residue solvents, remained as
soften solid and started decomposing at 233° C. HPLC:
91.6% at 220 nm (adenosine was 5.9%).

Example 38

Synthesis of Methyl B-D-ribofuranoside

MeOH. H;SO4

5 g of D-Ribose was dissolved in 100 mL of methanol and
cooled to 0° C. 0.5 mL of concentrated sulfuric acid was
added and the solution was stored at -20° C. for 48 hrs.
Solution was neutralized by passage through a bed of
sodium carbonate and evaporated under vacuum to a viscous
oil. Crude material was purified on a silica column eluting
with 10% methanol in ethyl acetate to yield 2.1 grams of
methyl j-D-ribofuranoside.

'H NMR 300 MHz (DMSO-d) 5 4.97-4.99 (d, J=4.8 Hz,
1H), 4.76-4.79 (d, J=6.6 Hz, 1H), 4.57-4.62 (m, 2H), 3.76-
3.80 (m, 1H), 3.72-3.74 (m, 1H), 3.66-3.71 (m, 1H), 3.44-
3.50 (m, 1H), 3.26-3.34 (m, 1H), 3.19 (s, 3H)
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Example 39

General Procedure for Complex Formation

Na;C03, DMF
——
100°C.,3 h

\!
RE J

300 mg of methyl B-D-ribofuranoside was dissolved in 20
m1 of dimethylformamide. To this solution was added 1 eq
of boronic ester and 0.5 eq of finely powdered sodium
carbonate. Reaction mixture was heated to 100° C. and
stirred for 3 hours then stripped of solvent under vacuum.
Residue was co-evaporated 2 times with ethyl acetate then
sonicated in dichloromethane and fiitered to yield an off-
white solid.

C10-Methylribose Complex

'H NMR 300 MHz (DMSO-d,)  7.28 (bs, 1H), 6.68-6.77
(m, 2H), 4.71 (s, 1H), 4.52-4.55 (m, 3H), 4.26-4.28 (4, J=5.1
Hz, 1H). 4.17-4.19 (d, J=5.7 Hz, 1H), 3.95-4.00 (t, ]=6.8 Hz,
1H), 3.31-3.36 (m, 2H), 3.19 (s, 3H).

C17-Methylribose Complex

HO

NC

(0]
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'H NMR 300 MHz (DMSO-d,) & 7.73-7.76 (d, J=6.9 Hz,
2H), 7.38-7.41 (d, J=7.8 Hz, 1H), 6.96-6.99 (d, J=6.9 Hz,
2H), 6.72-6.75 (d, J=7.5 Hz, 1H), 6.68 (s, 1H), 4.70 (s, 1H),
4.49-4.51 (m, 3H), 4.23-4.25 (d, J=5.4 Hz, 1H), 4.14-4.16
(d, J=5.4 Hz, 1H), 3.95-3.98 (m, 1H), 3.22-3.26 (t, J=6.0,
1H), 3.19 (s, 3H), 3.13-3.14 (d, J=2.1, 1H).
C2-Methylribose Complex

'H NMR 300 MHz (DMSO-d) 8 7.31 (bs, 1H), 6.87-6.95
(m, 3H), 4.70 (s, 1H), 4.46-4.50 (m, 3H), 4.20-4.22 (d,
J=5.7, 1H), 4.12-4.14 (d, J=6.0 Hz, 1H), 3.94-3.99 (1, J=7.8
Hz, 1H), 3.30-3.34 (m, 2H), 3.19 (s, 3H)
C28-Methylribose Complex

oL . .0
$ B Nat

\

o

'H NMR 300 MHz (DMSO-d,) 3 7.48 (bs, 1H), 7.21-7.26
(m, 2H), 7.05-7.12 (m, 4l1), 6.98-7.01 (d, J=7.8 Hz, 1H),
4.65 (s, 1H), 4.47-4.58 (m, 3H), 4.22-4.24 (d, J=5.7 Hz, 1H),
4.13-4.15 (d, J=6.0 Hz, 1H), 3.89-3.93 (t, J=6.6 Hz, 1H),
3.28-3.32 (t, J=6.5, 1H), 3.13-3.16 (m, 4H).

Example 40
Mechanism of Action

The purpose of this study is to determine the mechanism
of action (MOA) of C10 in the model fungi Saccharomyces
cerevisiae.

40.1 Methods

The haploid Saccharomyces cerevisiae strain ATCC
201388 was used in the selection of C10 resistant mutants.
Spontaneous and EMS-induced resistant mutants were iso-
lated from YPD agar plates containing 4x, 8x, 16xMIC of
C10. All minimal inhibitory concentrations (MIC) were
determined using NCCLS protocol M27 with the exception
of using YPD or synthetic defined media. All yeast and
molecular genetic manipulations were essentially performed
as described by Guthrie C., et al., Methods in Enzymology,
350: Part B, (2002).

40.2 Results and Conclusions

Actotal of 11 C10 resistant mutants were isolated from S.
cerevisiae, all mutants were dominant and showed an 8 to
64-fold increase in the MIC to C10. Further characterization
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of these mutants showed that they were not resistant to
several known antifungals including amphotericin B, ceru-
lenin, itraconazole, aculeacin A, terbinafine, tunicamycin,
ciclopirox, cyclohexamide and nikkomycin Z. All 11 muta-
tions in the C10 resistant mutants were mapped to 9 amino
acid residues in the editing domain of CDC60, the essential
cytoplasmic leucyl-tRNA synthetase, one of 40 aminoacyl-
tRNA synthetases in S. cerevisiae. Furthermore, S. cerevi-
siae strains bearing mulitiple copies of CDC60 on a 2 pyM
plasmid were eight times more resistant to C10. The com-
bination of mutant and over-expression data predicts that
CDC60 is the target for C10. The fact that all mutations were
present in the editing domain of CDC60 indicates that C10
inhibits CDC60 via a novel mechanism.

The lack of a genomic sequence or any genetic tools for
Trichophyton spp. makes it difficult to study the mechanism
of action of C10 in either Trichophyton species, therefore,
the model fungi Saccharomyces cerevisiae was used.

40.3 Materials and Methods

40.3a Chemicals, Strains and Plasmids

C10 (5-fluoro-1,3-dihydro-1-hydroxy-2,1-benzoxaborole,
was obtained from Anacor Pharmaceuticals, Inc. (Palo Alto,
Calif., USA). All S. cerevisiae strains and plasmids were
obtained from ATCC (Manassas, Va., USA). The haploid
Saccharomyces cerevisiae strain ATCC201388 (MATa
his3A1 leu2A0 met5A0 ura3A0) was used for generating
mutants, while ATCC 200901 (MATa leu2A0 lys2A0
ura3A0) was used to mate with C10 resistant mutants to
determine genetic dominance of the mutation. The yeast-E.
coli shuttle plasmid pRS315 (Sikorski R S et al,, Genetics
122: 19-27, (1989)), which has CEN6, leu2, ampR genes,
and is a low copy plasmid in yeast was used in the con-
struction of the genomic library. In the over-expression
experiment, the shuttle vector pRS425 (Christianson T W et
al., Gene 110(1):119-22 (1992)), which has the leu2 and
ampR genes, and is a high copy plasmid in yeast, was used.

40.3b Isolation of Spontaneous Resistant Mutants

The haploid S. cerevisiae strain ATCC201388 was grown
overnight in YPD broth (BD, NJ USA) at 30° C. and 1 mLL
of cells was plated out onto YPD agar plates (YPD broth+
1.5% Bacto-agar, BD, NJ USA) containing either 1.6, 3.2 or
6.4 pg/mL C10 (equivalent to 4x, 8x, 16xMIC of C10).
Resistant mutants appeared after 2 d incubation at 30° C.
Frequency of resistance was determined by dividing the
number of resistant mutants by the total number of cells
plated as determined by plating dilutions of the overnight
culture on YPD plates.
40.3c EMS (Ethylmethane Sulfonate) Mutagenesis

A 2.5 mL of the overnight culture, which was grown in
YPD media, was centrifuged at 700xg for 5 minutes. The
cell pellet was resuspended in 10 mL 50 mM potassium
phosphate buffer, pH 7.0. The cell suspension was centri-
fuged again and the cell pellet was resuspended in phosphate
buffer to obtain a cell density of 5x10” cells/mL as deter-
mined by counting the cells using a Petroff Hausser Count-
ing Chamber (Horsham, Pa. USA). The cell suspension was
shaken with 300 puL. of EMS (Alfa Aesar, Ward Hill, Mass.,
USA) for 30 min. at 30° C. The mutagenesis was stopped by
adding 10% (w/v) sodium thiosulfate (Sigma-Aldrich, St.
Louis, Mo., USA), and the cells were pelleted by centrifu-
gation at 700xg for 5 min. and resuspended in | mL sterile
H,O. This was repeated once more before the cells were
plated on YPD agar plates containing 1.6 pg/mL of C10.
40.3d Determination of MICs

The minimal inhibitory concentration (MIC) was essen-
tially performed following the NCCLS guidelines outlined
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in the M27 protocol with the exception of using YPD or
synthetic defined media (SDM).
40.3¢ Yeast Mating Experiment
The haploid mutants derived from S. cerevisiae
ATCC201388 were mixed with S. cerevisiae ATCC 200901,
and were incubated on YPD agar plates at 30° C. for 4 h. The
cell mixture was streaked out on synthetic defined media
agar (BD, NJ USA) without the amino acids lysine and
methionine, which are selective for diploids.
40.3f Construction of Plasmid Genomic DNA Library
Genomic DNA from mutant strains was isolated using the
DNeasy tissue kit from Qiagen (Valencia, Calif., USA).
Genomic DNA fragments of 4-10 kb were generated by
partial digestion with Mbo [ from Fermantas (Hanover, Md.,
USA), followed by purification using the Wizard®SV gel
and PCR Clean-Up system (Promega, Madison Wis. USA).
The purified DNA fragments were ligated into pRS315
digested with BamH I (Fermantas, Hanover Md. USA) using
T4 DNA ligase (Fermantas, Hanover Md. USA). The liga-
tion mixture was dialyzed against water using the VSWP
0025 filters (Millipore, Billerica, Mass., USA) before it was
electroporated into Escherichia coli E. cloni SUPREME
cells (Lucigen, Middleton, Wis., USA) following the proto-
col of the manufacturer. Transformants were plated out on
LB plates with 200 pg/ml carbinicillin and incubated over-
night at 37° C. The transformants were pooled and the
plasmid DNA was isolated using Qiagen miniprep kit (Va-
lencia, Calif., USA). The plasmid library was transformed
into S. cerevisiae (Gietz, R D et al., Methods in Enzymology
305: 87-96 (2002)).
40.3g Sequencing
All sequencing was performed by Sequetech Corporation
(Mountain View, Calif. USA).
40.3g(1) Mapping Mutations
To further map the mutations to specific domains in
.CDC60, the following three pairs of primers were used §'
gcgaaaagaaacctaacgeatattc 3' and S'ctatcgtgatccatacaagctt-
gac 3', 5' cgatagacaatccggtgaaggtgttac 3' and 5' catc-
ccaaggcaatctggtacctaace 3', and 5' gaasaaatacttagttgagictt-
tatca 3' and §' caccatgaggcatctigaaatattctc 3'.
40.3h Cloning and Over-Expressing Wild Type CDC60 in S.
cerevisiae
A 4.0 kb BamH I-Sal 1 DNA fragment containing the
entire CDC60 open reading frame (ORF) and 700 bp of
upstream sequence was amplified using KOD DNA poly-
merase, S. cerevisiae genomic DNA (Novagen, Madison,
Wis., USA), and the primers GAG GGA TCC GGT TAG
TTT TAG TTC GCG AGT GAC CTG and GAG GTC GAC
GAT TTC TGG TTG CTG TTT ATT GAT CTT (Operon,
Alameda, Calif., USA). This DNA fragment was then cloned
into the 2 uM multi-copy plasmid pRS425, and transformed
into S. cerevisiae ATCC201388 (Gietz, R D et al., Methods
in Enzymology 305: 87-96 (2002)).
40.4 Results and Discussions
40.4a Isolation of Resistant Mutants
From 5x10” cells, 600 spontaneous C10 resistant mutants
were isolated, which makes the frequency of resistance
1.2x1077 at 4xMIC. Similar frequencies of resistance were
obtained for 8x and 16xMIC. We also used EMS to isolate
C10 resistance mutants. Use of EMS increased the muta-
genic frequency by 4,000 fold. The MICs of 8 spontaneous
mutants and 3 EMS generated mutants were tested. All the
mutants showed an 8 to 64-fold increase in resistance to C10
(Table 1).
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TABLE 1
MICs of Spontaneous and EMS induced C10 mutants
S. cerevisiae MIC (ug/mL)
Haploid Strains Cerulenin C10
ATCC201388 1 0.5
(A) 0.5 4
(B) 0.5 16
©) 0.5 16
(D) 0.5 32
(E) 0.5 16
(F) 0.5 32
(G) 0.5 32
(H) 0.5 32
[¢8] 1 32
&) 1 32
(K) 1 32

40.4b C10 Resistant Mutations do not Confer Resistance
to Other Antifungals

To further characterize these resistant mutants, three C10
resistant mutants were tested against various antifungal
agents with known mechanisms of action. The C10 resistant
mutants did not show any resistance to these compounds
(Table 2), which suggests that C10 acts very differently from
these antifungal agents.

TABLE 2

C10 mutants are not resistant to other antifungals

Antifungal MIC (ug/mL)
Agents ATCC201388 (©) (¢)) (H)
C10 0.5 16 16 16
Amphotericin B 0.125 0.125 0.125 0.125
Cyclobexamide <0.06 <0.06 <0.06 <0.06
Cerulenin 0.5 0.5 0.5 0.5
Itraconazole 0.125 0.125 0.125 0.125
Aculeacin A 4 4 4 4
Cicloprirox 0.5 0.5 0.5 0.5
Terbinafine 4 4 4 4
Nikkomycin Z 64 64 64 64
Tunicamycin 8 8 8 8

40.4¢ Resistance to C10 is Dominant

In order to identify the gene that gives rise to C10
resistance, it was first determined whether the mutation was
either dominant or recessive. The parental S. cerevisiae
strain and three mutants were selected and mated with S.
cerevisiae ATCC 200901. The MIC of the diploids gener-
ated from the C10 mutants were found to be 64-fold greater
than the diploid generated from the parental strain (Table 3),
which suggests that the mutations are dominant, and there-
fore, plasmid libraries were constructed from these three
haploid C10 resistant mutants.

TABLE 3

C10 mutants are dominant

Diploid MIC (ug/mL)
(mutant strain/ATCC200901) C10
ATCC201388/ATCC200901 0.5
(C)ATCC200901 32
(G)/ATCC200901 32
(H)/ATCC200901 k7]
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40.4d the CDC60 Gene Confers Resistance to C10

Plasmid libraries from the three mutants were transformed
into S. cerevisiae ATCC201388 and selected on SDM minus
leucine agar with 1 pg/mL of C10. Plasmid DNA was
isolated from C10 resistant transformants and electroporated
into E. coli 10G cells. The plasmid DNAs from the resulting
E. coli carbenicillin resistant transformants were then trans-
formed into S. cerevisiae ATCC201388 to confirm that the
plasmids bore the gene for C10 resistance. One plasmid
from each library that conferred C10 resistance was
sequenced and analyzed using a BLASTN search against the
S. cerevisiae genome database (http://seq.yeastgenome.org/
cgi-bin/nph-blast2sgd). The CDC60 gene was the only open
reading frame identified in the cloned inserts from two
plasmids derived from two of the plasmid libraries. Two
genes were revealed, CDC60 and PET20, in the cloned
insert from the remaining plasmid library. This suggests that
these C10 resistant mutations are located in the CDC60
gene, which encodes for the cytoplasmic leucyl-tRNA syn-
thetase. CDC60 (leucyl tRNA synthetase) is one of 20
essential aminoacyl-tRNA synthetases (ARS) that attach
amino acids to the 2' or 3' end of tRNAs.

40.4e C10 Resistance Mutations Reside in the Editing
Domain of CDC60

DNA sequence analysis of the plasmids derived from the
three mutants showed that there was a single amino acid
substitution in CDCG60 from each of the three mutants (Table
4). An additional eight mutants were analyzed by amplifying
CDC60 by colony PCR and transforming the resulting
product into S. cerevisiae ATCC201388. All transformants
were resistant to C10 and subsequent sequence analysis
showed that all of them contained a single amino acid
change within the editing domain of CDC60 (Table 4). The
function of the ARS is to charge the correct tRNA with the
correct amino acid. In leucyl-tRNA synthetases the active
site for the editing mechanism is located in a separate
domain, which is called the connective polypeptide 1 (CP1),
from the synthetic active site (Schmidt E. et al, Biochemistry
34(35): 11204-10 (1995)). All of the amino acid substitu-
tions from 11 mutants were located in this CP1 domain,
demonstrating a link between the editing function of the
enzyme and inhibitory activity of C10.

40.4f Over-Expression of Wild Type CDC60 in S. cerevi-
siae

Since all 11 C10 resistant mutants have single amino acid
substitutions in the editing domain of leucyl-tRNA syn-
thetase (Table 4), it strongly suggests that CDC60 is the
target for C10. If leucyl-tRNA synthetase is the target,
increasing the copies of CDC60 should increase resistance
to C10. To test this hypothesis, the wild type CDC60 gene
was cloned onto a multi-copy plasmid pRS425, and trans-
formed into S. cerevisiae ATCC201388. As shown in Table
5, the MIC for this strain is eight times higher than the same
strain bearing pRS425.

TABLE 4

Amino acid (AA) substitutions in C10 resistant mutants

Resistant mutants AA substitution in CDC60
(H)
()]
(K)
©
(E)
(D)
(A)

T314M
L315vV
T3191
C326F
C326R
G405V
N415D
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TABLE 4-continued

Amino acid (AA) substitutions in C10 resistant mutants

Resistant mutants AA substitution in CDC60
o
)]
(F)
(B)

S416L
D487N
D487G
R3161

TABLE 5

CDC60 overexpression increases C10 resistance

MIC (ug/ml)
Compound  pRS425 Plasmid control CDC60 on pRS425 (20 copies)
Fluconazole 2 2
1 0.125 1

Example 41

Experiments to isolate mutant leucy! tRNA transferase
molecules that were also resistant to C10.

The haploid wild type Saccharomyces cerevisiae strain
ATCC 201388 (MATa his3A1 leu2A 0 met5A O ura3A 0) was
used for selection of clones showing resistance to C10.

Mutations in the leucyl tRNA transferase were isolated in
two ways. In one set of experiments, EMS was used as a
chemical mutagenic agent. 2.5 mL of an overnight culture
was washed 2x with 50 mM potassium phosphate buffer, pH
7.0, and resuspended in 10 mL of the buffer to reach
approximately 5x107 celis/ml. 300 uL. EMS (Alfa Aesar,
Ward Hill, Mass.) was added to the cells, which were then
incubated for 30 min at 30° C. with shaking. The mutagen-
esis process was halted with the addition of 10% (w/v)
sodium thiosulfate (Sigma-Aldrich, St. Louis, Mo., USA).
At the end of the mutagenesis cycle, the cells were washed
2x with water and then plated out on YPD agar plates
containing C10.

In the second method, spontaneous mutant clones were
isolated from YPD plates containing large concentrations of
C10. Wild type haploid S. cerevisiae strain ATCC201388
(MATa his3A1 leu2A 0 metSA O ura3A 0) was grown
overnight in Difco YPD broth (1% yeast extract, 2% Bacto
Peptone, 2% glucose) at 30° C. to reach ~1.0x10® cells/ml.
Cells were concentrated 10x in YPD broth, and 100 uL was
plated out onto each of 30 YPD agar (Difco YPD broth+
1.5% Bacto agar) plates containing 1.6, 3.2, 6.4 ng/mi C10
(equivalent to 4x, 8x, and 16x minimal inhibitory concen-
tration of C10). Resistant mutants appeared after 2 days of
incubation at 30° C. Frequency of resistance was determined
by counting the number of the mutants, and the total number
of cells.

The minimal inhibitory concentration (MIC) test was
performed using NCCLS protocol. Yeast mating experiment
was conducted following the procedure in Methods in Enzy-
mology by Guthrie, C etc.

The genomic plasmid library for each clone was con-
structed using the yeast-E. coli shuttle vector pRS315 and
transformed into S. cerevisiae AICC201388. Transformants
were selected on synthetic defined media with 0.2 ug/mi C10
minus leucine. All sequencing work was done by Sequeteq.
Blast search was performed using Saccharomyces genome
database. Yeast Transformation was carried out using LiAc/
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PEG method. Over-expression of CDC60 construct was
made by using S. cerevisiae genomic DNA, and two primers
S'GAGGGATCCGGTTAGT TTTAGTTCGCGAGTGACC
TG 3, 55GAGGTCGACGATTTCTGGTTGCT GTITATT-
GATCTT 3.

A total of 23 C10 resistant mutants were isolated from S.
cerevisiae. All mutants were dominant and had 8-64 fold
increased resistance to C10 over wildtype in the minimal
inhibitory concentration test. Further characterization of
these mutants showed that they were not cross resistant to
any anti-fungal agents with known mechanism of action.
Determination of Dominance/Recessiveness

In order to identify the resistant gene in mutant strain, we
first determined whether the mutation is dominant or reces-
sive. The mutant was mated with a wild type strain with
opposite mating type to make mutant diploid. There were
two sets of genes in the resulting mutant diploid cells, one
from resistant mutant, and the other one from the C10-
sensitive wild type. If the mutant diploid was resistant to
C10, the muted gene was dominant. To map the mutation,
we constructed a plasmid library from the mutant strain, and
transformed the library into the C10-sensitive wild type
strain to select for the resistant phenotype. If the mutant
diploid was sensitive to C10, the muted gene would be
identified as recessive. A12, F4, H4 was mated with a wild
type strain, respectively, as control; the parental strain was
also mated with the same strain. Minimal inhibitory con-
centrations of both wild type diploid and 3 mutant diploids
are shown in Table 3. Compared to wild type diploid, all 3
mutant diploids were resistant to C10, indicating that the
resistant mutation in these 3 mutants is dominant.

Genetic Mapping of Mutation

All the mutations in the 23 isolated C10 resistant mutants
were mapped to 11 residues in the editing domain of
CDC60, the cytoplasmic leucyl-tRNA synthetase.

To identify the mutation in the resistant mutant, we
constructed 3 plasmid genomic libranes from mutant A12,
F4 and H4, respectively. Plasmids with random genomic
DNA fragment insert, sizc from 4-10 kb, were transformed
back into parental wild type strain. Transformants with
plasmids carrying resistant genes were selected on SDM-leu
agar plates with addition of C10. Plasmids were then iso-
lated and sent for sequencing. Nucleotide sequence of the
insert was BLAST searched against S. cerevisiae genome
database, and the results revealed that there was a single
OREF present in the insert of both plasmids isolated from F4
and H4 plasmid library. This ORF was identified as CDCG60,
the cytoplasmic leucyl tRNA synthetase, one of the 20
essential cytoplasmic aminoacyl-tRNA synthetases in S.
cerevisiae (there are 20 more in mitochondrial). In addition
to CDC60, there was a second ORF pet20 present in the
plasmid isolated from A12 plasmid library, which encoded
the protein required for respiratory growth and stability of
the mitochondrial genome. To confirm that the CDC60 from
these 3 mutants conferred resistance to C10, we re-trans-
formed the 3 plasmids back to parental wild type strain.
Compared to the control transformation of the plasmid
without CDC60, ones with CDC60 from A12, F4, H4 gave
>1,000 more resistant colonies on YPD agar containing C10,
confirming that CDC60 from the 3 mutant strains contrib-
uted to C10 resistance.

Sequence in CDC60 from Each of the Mutants Contains
Single Amino Acid Substitution

In order to identify whether there were any amino acid
substitutions, the whole ORF of CDC60 from resistant
plasmids A12, F4, and H4 was sequenced. Comparing the
sequence with wild type CDC60 showed that there was a
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single amino acid substitution in each of the 3 CDC60 (Table
4). In addition, sequence analysis of CDC60 from the rest of
20 resistant mutants showed that each contains a single
amino acid change within CDC60. DNA PCR fragments
containing each mutation were transform back into wild type
strain. These transformations conferred resistance, indicat-
ing that the resistance of all the mutants was due to the single
amino acid substitution in CDC60.

CDC60 (leucyl tRNA synthetase) is one of the aminoacyl-
tRNA synthetases (ARS) that belong to a family of essential
enzymes that attach amino acids to the 2', or 3' end of
tRNAs, the charged tRNAs are then used in protein synthe-
sis. The aminoacylation of tRNA is a two-step reaction: a)
activation of amino acids with ATP by forming aminoacyl
adenylates and b) transferring of the aminoacy! residue from
the aminoacyl adenylate to the cognate tRNA substrate. The
accuracy of aminoacylation depends on both the specific
recognition of amino acids during their activations (coarse
sieve) and the pre- or post transferring editing (fine sieve).
Some of the ARS have evolved editing mechanism that
specifically hydrolyzes structurally close related misacti-
vated amino acids. Leucyl tRNA synthetase is one of such
enzymes that can discriminate leucine from isoleucine, and
valine. The region that carries out this editing function is
called connective polypeptide 1 (CP1), it’s a large insertion
that interrupts the active site between the third and fourth b
strands of the Rossman fold. All of the 11 amino acid
substitutions from 23 mutants were located in this CP1
region, suggesting that there might be a link between the
editing function of the enzyme and inhibition activity of
Clo.

Example 42

Assay for Determining that C10 Inhibits the
Editing Domain of tRNA Synthetase in a Bacteria

This example sets forth a representative assay for deter-
mining whether a particular compound inhibits the cditing
domain of an ARS in a bacterium.

The [*H]-isoleucine mischarged tRNAleu was synthe-
sized by incubating 1 puM of Saccharomyces cerevisiae
editing defective Cdc60p (C326F) in 500 pL of 50 mM
Tris-HC! (pH 8.0), 60 mM MgCl,, 4 mM ATP, 1 mM DTT,
0.02% (w/v) BSA, 4 mg/ml crude E. coli tRNA tRNA
(Roche), 0.1 mM isoleucine and 5 mCi L-[4,5-3H]isoleucine
(100 Ci/mmole, GE Healthcare) and 20% (v/v) DMSO for
1 hour at 30° C. The reaction was stopped by adding 10 pl
of 10% (v/v) acetic acid followed by two acidic phenol
(Sigma) extractions. The mischarged tRNA in the top aque-
ous phase was removed and precipitated by adding two
volumes of 96% (v/v) ethanol and incubating at -20° C. for
30 minutes. The precipitate was pelleted by centrifugation at
13,200xg for 30 minutes and the mischarged tRNA pellet
was washed twice with 70% (v/v) ethanol and then resus-
pended in 50 mM potassium phosphate buffer pH 5.2.

The reaction was terminated after 2 hours incubation at
30° C. by the addition of acetic acid to 0.17% (v/v). The
isoleucylated crude tRNA*“ was purified by extracting
twice with acidic phenol-chioroform extractions (pH 4.3),
followed by ethanol precipitation. The tRNA pellet was
washed twice with 70% ethanol, dried and then resuspended
in 50 mM potassium phosphate (pH 5.0) and stored at -20°
C. An aliquot was precipitated with 10% (w/v) TCA to
quantify ile-tRNAL®,

Post-transfer editing hydrolysis assays were carried out at
30° C. in 50 mM Hepes (pH 8), 10 mM MgCl,, 30 mM KCl,
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with 3H-isoleucine-tRNA crude (~0.3 uCi/mL). Each reac-
tion was initiated by addition of the 150 nM enzyme. At each
time point three 20 pL aliquots of the reaction mixture was
added to 200 L of 10% (w/v) TCA in a Millipore filter plate
and precipitated for 20 minutes at 4° C. The precipitate was
filtered and washed three times with 200 pL of 5% (w/v)
TCA, then dried and 20 pL. Supermix scintillation cocktail
was added. The Millipore filter plates were counted in the
MicroBeta Trilux. The IC;, was determined by the amount
of inhibitor that inhibited 50% activity, 100% post-transfer
editing was calculated by taking the activity of the no
enzyme control from the wild-type enzyme activity.

Compare the minimal inhibitory concentration (MIC) of a
10lC Escherichia coli strain bearing a pUC derived plasmid
with and without an leuS gene insert.

If the MIC of the strain bearing the extra copies of leuS
is greater than 2-fold more than the control strain then pour
LB agar plates with four times the concentration of the MIC
of the compound.

Plate 1x10'° E. coli on ten plates containing 4xMIC of the
compound. Incubate for 1-2 days at 37° C. and pick ten
colonies and restreak on 4xMIC LB agar plates to confirm
resistance.

Take one large colony from each of the ten E. coli
resistant mutants and resuspend in 50 uL of PCR buffer.

Amplify the editing domain of CDC60 using a proof-
reading PCR enzyme and the following primers, ggcaccgtg-
gacgtacgacaacatcge and gggaaacaccccagtcgegeaggcgg.

Purify the 980 bp PCR product using either Qiagen or
Promega PCR cleanup kits.

Sequence amplify the mutant DNA and compared it to
wild-type. If the mutant DNA bears mutations in the editing
domain the inhibitor affects leucyl-tRNA synthetase via the
editing domain.

Example 43

Assay for Determining that C10 Inhibits the
Editing Domain of tRNA Synthetase in a Fungi

This example details an exemplary assay for determining
whether a selected compound inhibits the editing domain of
an ARS in a fungus.

The [*H]-isoleucine mischarged tRNAleu was synthe-
sized by incubating 1 pM of Saccharomyces cerevisiae
editing defective Cdc60p (C326F) in 500 pL of 50 mM
Tris-HCI (pH 8.0), 60 mM MgCl,, 4 mM ATP, 1 mM DTT,
0.02% (w/v) BSA, 16 uM brewer’s yeast tRNA (Roche), 0.1
mM isoleucine and 5 mCi L-[4,5-3H]isoleucine (100
Ciymmole, GE Healthcare) and 20% (v/v) DMSO for 1 hour
at 30° C. The reaction was stopped by adding 10 uL of 10%
(v/v) acetic acid followed by two acidic phenol (Sigma)
extractions. The mischarged tRNA in the top aqueous phase
was removed and precipitated by adding two volumes of
96% (v/v) ethanol and incubating at -20° C. for 30 minutes.
The precipitate was pelleted by centrifugation at 13,200xg
for 30 minutes and the mischarged tRNA pellet was washed
twice with 70% (v/v) ethanol and then resuspended in 50
mM potassium phosphate buffer pH 5.2.

The reaction was terminated after 2 hours incubation at
30° C. by the addition of acetic acid to 0.17% (v/v). The
isoleucylated crude tRNA’*“ was purified by extracting
twice with acidic phenolchloroform extractions (pH 4.3),
followed by ethanol precipitation. The tRNA pellet was
washed twice with 70% ethanol, dried and then resuspended
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in 50 mM potassium phosphate (pH 5.0) and stored at -20°
C. An aliquot was precipitated with 10% (w/v) TCA to
quantify ile-tRNAZ*,

Post-trunsfer editing hydrolysis assays were carried out at
25° C. in 50 mM Hepes (pH 7.5), 10 mM MgCl,, 30 mM
KCl, with *H-isoleucine-tRNA crude (~0.3 uCi/mL). Each
reaction was initiated by addition of the 150 nM enzyme. At
each time point three 20 pL aliquots of the reaction mixture
was added to 200 uL of 10% (w/v) TCA in a Millipore filter
plate and precipitated for 20 min. at 4° C. The precipitate
was filtered and washed three times with 200 uL of 5% (w/v)
TCA, then dried and 20 pl. Supermix scintillation cocktail
was added. The Millipore filter plates were counted in the
MicroBeta Trilux. The IC,, was determined by the amount
of inhibitor that inhibited 50% activity, 100% activity was
calculated by taking the activity of the no enzyme control
from the wild-type enzyme post-transfer editing activity.

Example 44
Equilibrium Dialysis

Equilibrium dialysis experiments were performed in
I1xAARS buffer containing 50 mM Hepes-KOH (pH 8.0), 30
mM MgCl, and 30 mM KCI. Experiments were performed
using Sk MWCO DispoEquilibrium Dialyzer apparatus
(Harvard Apparatus, Holliston, Mass.). On one side of the
dialysis membrane (side A), [methylene-'*C]C10, 2.04
GBg/mmol (Amersham) was added at concentrations rang-
ing from 1 to 200 uM in 20 pL. On the opposite side of the
membrane (side B), 3 uM recombinant Cdc60p (Saccharo-
myces cerevisiae cytoplasmic LeuRS) and 10 mM AMP
(adenosine 5'-monophosphate, Sigma) was added in 20 uL.
Samples were incubated at room temperature (21° C.) while
shaking for 4.5 hrs to establish C10 equilibrium across the
membrane. At equilibrium, C10 on each side of the dialysis
membrane was quantified by scintillation counting using a
Wallac MicroBeta Trilux model 1450 liquid scintillation
counter. The amount of C10 bound to Cdc60p was deter-
mined by subtracting [C10]A from [C10],.

PPi Exchange Assay

The PPi exchange assay was performed in 1xAARS
buffer containing 50 mM Hepes-KOH (pH 8.0), 30 mM
MgCl, and 30 mM KCl supplemented with 2 mM ATP and
[?P] PPi (10° cpm/pmol), 2 mM leucine and 7 oM recom-
binant Cdc60p. Expecriments were also performed in the
presence or absence of C10 (1 pM) and tRNA (16 uM). After
a 20 minute incubation at 30° C., reactions were initiated by
the addition of ATP. At various time intervals, 45 pL of
reaction mixture was added to 100 pL of 2% perchloric acid
and 0.1 M Na,P,0, to quench the reaction. Radioactive ATP
was then absorbed to activated charcoal by the addition of 30
pL of a 5% suspension of acid-washed Norit A. This mixture
was filtered though GF/C glass filters and washed 2x with
200 pL of distilled water then 1x with 200 pL of 95%
ethanol. Filters were dried and scintillation counted using a
Wallac MicroBeta Trilux model 1450 liquid scintillation
counter.

Synthesis of Tritiated Mischarged tRNA,,,

The [*H]-isoleucine mischarged tRNAleu was synthe-
sized by incubating 1 uM of Saccharomyces cerevisiae
editing defective Cdc60p (C326F) in 500 pL of 50 mM
Tris-HCI (pH 8.0), 60 mM MgCl,, 4 mM ATP, 1 mM DTT,
0.02% (w/v) BSA, 1 uM brewer’s yeast tRNA (Roche), 0.1
mM isoleucine and 5 mCi L-[4,5-3H]isoleucine (100
CvVmmole, GE Healthcare) and 20% (v/v) DMSO for 1 hour
at 30° C. The reaction was stopped by adding 10 pL of 10%
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(v/v) acetic acid followed by two acidic phenol (Sigma)
extractions. The mischarged tRNA in the top aqueous phase
was removed and precipitated by adding two volumes of
96% (v/v) ethanol and incubating at -20° C. for 30 minutes.
The precipitate was pelleted by centrifugation at 13,200xg
for 30 minutes and the mischarged tRNA pellet was washed
twice with 70% (v/v) ethanol and then resuspended in 50
mM potassium phosphate buffer pH 5.2.
Post-Transfer Editing Assay

The [>H]-isoleucine mischarged tRNAleu substrate, 40
oM, was added to 50 mM Hepes-KOH pH 8.0, 30 mM KCl,
30 mM MgCl,, 0.02% (w/v) BSA, 1 mM DTT, 2.4 nM §.
cerevisiae Cdc60p at 30° C. to start the reaction and 20 pL
aliquots, taken at set time points, were added to ice cold 200
uL 10% (w/v) trichloroacetic acid (TCA). The TCA precipi-
tates were washed twice with 200 pl ice cold 5% (w/v) TCA
and filtered through a Multiscreen HTS HA filter (Milli-
pore). Optiphase (Perkin Elmer) scintillation cocktail was
added to the filters and the TCA precipitate was counted in
a Wallac MicroBeta Trilux model 1450 liquid scintillation
counter.

Example 45

Assay for Determining that Compounds Inhibit
ARS Synthesis Activity

Aminoacylation assays were performed to determine the
rate of net leucine/tRNA%““ synthesis by leucyl tRNA syn-
thetase. Experiments were performed in 500 ul reaction
mixtures containing 1xAARS buffer (S0 mM Hepes-KOH
(pH 8.0), 30 mM MgCl, and 30 mM KCI) supplemented
with 20 uM [14C)-leucine (PerkinElmer, 11.32 GBq/
mmol.), 16 uM crude yeast tRNA, 0.02% BSA, 1 mM
dithiothreitol, 2 nM recombinant yeast LeuRS (CDC60) and
2 mM ATP. Reactions were performed at 30 deg Celsius. At
time zero reactions were started by the addition of ATP. At
various time intervals, 20 ul aliquots were added to 150 ul
of 10% trichloroacetic acid (TCA) within a single well of a
96-well nitrocellulose membrane filterplate (Millipore Mul-
tiscreen HTS, MSHAN4B50). Each well was then washed
3x with 100 ul of 5% TCA. Filterplates were then dried
under a heat lamp and the precipitated [14C]-leucine/
IRNA%* complexes were quantified by liquid scintillation
counting using a Wallac MicroBeta Trilux model 1450 liquid
scintillation counter. The inhibitory effects of boron-con-
taining compounds, was determined by addition of up to a
100 uM of the compound in the reaction mixture for 20
minutes prior to the addition of ATP.

Example 46
Test Article and Dosage Formulation

C10 (5-fluoro-1,3-dihydro-1-hydroxy-2,1-benzoxa-
borole), 5-fluoro-1,3-dihydro-1-phenyl-2,1-benzoxaborole,
Cl  (5-chloro-1,3-dihydro-1-hydroxy-2,1-benzoxaborole),
and 5-fluoro-1,3-dihydro-1-(3-hydroxymethylphenyl)-2,1-
benzoxaborole were obtained from Anacor Pharmaceuticals,
Inc. (Palo Alto, Calif.). [*“C]-C10 was synthesized by Amer-
sham Biosciences UK Limited (Buckinghamshire HP&
9NA, UK) radiochemical purity and specific activity of
>99.3% and 55 mCi/mmol, respectively.

Penlac™ nail lacquer (ciclopirox 8% topical solution)
was manufactured by Dermik (Berwyn, Pa.). ['*C]-
Ciclopirox (pyridinone-6-('“C)-ciclopirox) was synthesized
by PerkinElmer Life and Analytical Sciences (Boston,
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Mass.). The radiochemical purity and specific activity of the
chemical was >95% and 12.5 mCi/mmol, respectively.
Experiment 1: Screening Four Oxaborole Compounds

C10, S5-fluoro-1,3-dihydro-1-phenyl-2,1-benzoxaborole,
Cl, and S-fluoro-1,3-dihydro-1-(3-hydroxymethylphenyl)-
2,1-benzoxaborole, formulated at 10% w/v in ethanol, were
tested. A single aliquot (10 pl) of each formulation was
dosed to the top of human nail plates using the nail pen-
etration procedure described below, and allowed to stand for
3-days. The dosed area was washed, and then the cotton ball
bed supporting the nail and the nail samples were collected
at the end of the incubation period, stored at 4° C. and
analyzed for drug using LC/MS/MS.

Experiment 2: Effect of Vehicle on C10 Nail Penetration

The following formulations, all containing 10% C10 were
tested. Formulation A: 70% ethanol, 20% poly (vinyl methyt
ether alt maleic acid monobutyl ester (v/v); Formulation B:
6% ethanol, 14% water, 15% poly (2-hydroxyethyl meth-
acrylate), 5% dibutyl sebacate (v/v); Formulation C: 55%
ethanol, 15% ethyl acetate, 15% poly (vinyl acetate), 5%
dibutyl sebacate (v/v); Formulation D: 20% propylene gly-
col, 70% ethanol (v/v). Using the nail penetration procedure
described below, aliquots (10 pL) of the dose formulations
were applied to human nail plates once per day for 14 days
with a daily wash before dosing. The cotton ball bed
supporting the nail was collected from each cell chamber
and replaced with a new one at day 5, 10, and 15 after the
first dose. The nail samples were collected at the end of the
14-day dose period, stored at 4° C. and analyzed for drug by
LC/MS/MS.

Experiment 3: Penetration of C10 Following a 14-Day
Multiple Dose Treatment

Two test articles, C10, 10% in propylene glycol and
ethanol (1:4, v/v) and ciclopirox, 8% in Penlac™ nail
lacquer were compared for their penetration rate into and
through the human nail plate. Trace amounts of carbon-14
radiolabelled C10 and ciclopirox were added to their respec-
tive formulations the day before the first dose. Using the naii
penetration procedurc described below, aliquots (10 ul) of
the dose formulations were applied to human nail plates
once per day for 14 days with a washing before each dose.
The cotton ball bed supporting the nail was collected from
each cell chamber and replaced with a new one every 72
hours after the first dose (days 3, 6, 9, 12, and 15). The nail
samples were collected at the 14-day dose period. The
radioactivity of all samples was analyzed and compared.
Nail Penetration Procedure

Details of the nail incubation have been previously
described® '°. Briefly, a healthy finger nail plate was
mounted in a one-chamber diffusion cell (FIG. 1, Permegear,
Inc., Hellertown, Pa.) with the nail surface (top center) open
to the air and the inner surface in contact with a small cotton
ball acting as a supporting nail bed. The supporting cotton
ball under the nail was wetted by normal saline providing
moisture for the nail plate, and the degree of hydration was
monitored and controlled during the experiment. The incu-
bation period started 24 hours prior to the first dose, and
ended 24 hours after the final dose. Aliquots (10 pL) were
applied to the surface of the nail plate once daily.

Dosed surface area washing was conducted at the end of
incubation period (for single dose study), or each morning
before dosing starting on the second day (multiple dose
study). The dosed surface area of the nail was washed with
cotton tips in a cycle, as follows: two times with ethanol,
then with 50% Ivory® liquid soap (Procter & Gamble,
Cincinnati, Ohio), then two times with distilled water. The
washing samples from each cycle were pooled and the
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radioactivity was measured. After completion of the dosing
and the incubation phase, the nail plate was transferred to a
cutting holder for sampling. Under the controlled humidity
and temperature, we did not observe any abnormal situations
such as the nail plate color change, hydration changes, or
fungal growth during the 14-day dosing period. The nail
plate was secured in position so that the outer dorsal-dosed
surface faced the holder. The cutting holder was moved to
bring the plate surface just barely in contact with the cutter
tip. The drill was then started and a fine adjustment moved
the stage toward the cutter tip, removing a powder sample
from the nail. In this way, a hole approximately 0.3-0.4 mm
in depth and 7.9 mm in diameter was drilled in each nail,
enabling the harvest of powder sample from the center of
each nail’s ventral surface. These samples are referred to as
samples taken from the “ventral/intermediate nail plate
center”. Then the nail outside the dosing area (and also the
sampling area) was cut away and saved as the “remainder
nail plate”. The layer above the powder sampling area was
also saved as “the dorsal/intermediate center”. All the nail
plate samples were individually collected into a glass scin-
tillation vial and weighed.
Quantitative Analysis of Oxaboroles

LC/MS/MS (API3000, Applied Biosystems, Foster City,
Calif.) was used to quantitate the amounts of non-radiola-
beled oxaboroles, C10, S-fluoro-1,3-dihydro-1-phenyl-2,1-
benzoxaborole, Cl, and S-fluoro-1,3-dihydro-1-(3-hy-
droxymethylphenyl)-2,1-benzoxaborole in samples from the
nail penetration studies. For the cotton ball analysis eleven
calibration standards were prepared fresh in normal saline.
A volume of 100 uL of each standard was spiked onto a fresh
cotton ball with final calibration standard concentrations of
0, 2.5, 5, 10, 20, 40, 80, 160, 320, 640, 1280, and 2560
ug/mL. Acetonitrile (Burdick & Jackson, Muskegon, Mich.)
containing the internal standard p-nitrophenol (PNP) was
added to all cotton balls. The cotton ball samples and any
residual solvent were transferred to centrifuge filter tubes.
After centrifugation, the filtrate from the cotton ball samples
was transferred to autosampler vials and analyzed by
LC/MS/MS. For the ciclopirox samples, the filtrate was first
derivatized with dimethylsulfate according to a previously
described method before analysis by [.C/MS/MS (Myoung
and Choi, 2003). Samples with calculated concentrations
above the highest calibration standard were diluted 10- or
20-fold with acetonitrile containing internal standard p-Ni-
trophenol (TCl America, Portland, Oreg.). For the nail
analysis, two separate calibration curves were prepared, one
for nail powder analysis and one for top of the nail analysis.
Fach curve contained eleven calibration standards. Stan-
dards were first prepared in dimethylsulfoxide. A volume of
10 uL of each standard was spiked onto keratin powder (6.5
mg for nail powder curve and 17 mg for top of the nail
curve). Nail samples were digested with IN NaOH over-
night at 45° C. The next morning, before extraction with
methylenechloride, the pH of the samples was adjusted to
pH 3. After extraction, the organic layer was transferred and
evaporated. Samples were reconstituted in acetonitrile and
analyzed by LC/MS/MS using an Eclipse XDB-C18 § um,
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2.1x50 mm column (Agilent, Wilmington, Del.) and a
gradient mobile phase from 5 mM ammonium acetate and
acetonitrile.

Radioactivity Measurement

All radioactivity measurements were conducted with a
Model 1500 Liquid Scintillation Counter (Packard Instru-
ment Company, Downer Grove, Iil.). The counter was
audited for accuracy using sealed samples of quenched and
unquenched standards as detailed by the instrument manual.
The '*C counting efficiency is equal to or greater than 95%.
All nail samples pre-treated with Packard soluene-350 were
incubated at 40° C. for 48 hours followed by the addition of
10 mL scintiliation cocktail (HIONIC-FLUOR, Packard
Instrument Company, Meriden, Conn.). Other samples
(standard dose, surface washing, and bedding material) were
mixed directly with Universal ES scintillation cocktail (ICN
Biomedicals, Costa Mesa, Calif.). Background control and
test samples were counted for radioactivity for 3 minutes
each.

Calculations and Data Analysis

Quantitation of non-radioactive compounds was based on
peak area ratios of compound to internal standard. The
method of regression for the calibration curves was selected
based on the best fit. Linear and quadratic regression was
used with 1/x or 1/x squared weighting. All integrations
were performed using Analyst version 1.3 (Applied Biosys-
tems, Foster City, Calif.). The concentrations of compound
in the cotton balls were converted to absolute amounts by
taking the sample volume of 100 pl into account. The
amount of compound in the nail powder and top of the nail
were adjusted for their respective weights and reported in
ng/mg.

The individual and mean (£S.E.) amount of test chemical
equivalent in nail, bedding material, and wash samples are
presented as dpm, pCi, percent administered dose, and mg
equivalent at each time point. The concentration of **C-
labeled test chemicals were calculated from the value based
on the specific activity of each [*“C]-labeled test chemical.
The information of concentration of non-labeled test chemi-
cal in the topical formulation was obtained from the manu-
facturers. The total concentration of test chemical equivalent
is the sum of the concentration of '*C-labeled test chemical
and the concentration of non-labeled test chemical. The
value of the total amount of test chemical equivalent in each
nail sample was calculated from those values based on the
radioactivity of the sample and the ratio of total mg test
chemical equivalent and radioactivity of the test chemical.
The data was further normalized by dividing by the weight
of the sample. Statistical significant of nail samples from
every two groups was analyzed by student t-test.

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence in their entirety for all purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 68
<210> SEQ ID NO 1

<211> LENGTH: 258

<212> TYPE: PRT
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-continued

<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 1

Thr Pro Gln Glu Tyr Ile Gly Val Lys Ile Glu Ala Leu Glu Phe Ala
1 S 10 15

Asp Asp Ala Ala Lys Ile Ile Asp Ser Ser Ser Asp Leu Asp Lys Ser
20 25 30

Lys Lys Phe Tyr Phe Val Ala Ala Thr Leu Arg Pro Glu Thr Met Tyr
35 40 45

Gly Gln Thr Cys Cys Phe Val Ser Pro Thr Ile Glu Tyr Gly Ile Phe
S0 55 60

Asp Ala Gly Asp Ser Tyr Phe Ile Thr Thr Glu Arg Ala Phe Lys Asn
65 70 75 80

Met Ser Tyr Gln Lys Leu Thr Pro Lys Arg Gly Phe Tyr Lys Pro Ile
85 90 95

val Thr Val Pro Gly Lys Ala Phe Ile Gly Thr Lys Ile His Ala Pro
100 105 110

Gln Ser Val Tyr Pro Glu Leu Arg Ile Leu Pro Met Glu Thr Val Ile
118 120 125

Ala Thr Lys Gly Thr Gly Val Val Thr Cys Val Pro Ser Asn Ser Pro
130 135 140

Asp Asp Tyr Ile Thr Thr Lys Asp Leu Leu His Lys Pro Glu Tyr Tyr
145 150 155 160

Gly Ile Lys Pro Glu Trp Ile Asp His Glu Ile Val Pro Ile Met His
165 170 175

Thr Glu Lys Tyr Gly Asp Leu Thr Ala Lys Ala Ile Val Glu Glu Lys
180 18S 190

Lys Ile Gln Ser Pro Lye Asp Lys Asn Leu Leu Ala Glu Ala Lys Lys
198 200 208

Ile Ala Tyr Lys Glu Asp Tyr Tyr Thr Gly Thr Met Ile Tyr Gly Pro
210 21s 220

Tyr Lys Gly Glu Lys Val Glu Gln Ala Lys Asn Lys Val Lye Ala Asp
228 230 235 240

Met Ile Ala Ala Gly Glu Ala Phe Val Tyr Asn Glu Pro Glu Ser Gln
248 250 285

Aop Pro

<210> SEQ ID NO 2

<211> LENGTH: 280

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 2

Met Thr Pro Gln Glu Tyr Ile Gly Val Lys Ile Glu Ala Leu Glu Phe
1 S 10 15

Ala Asp Asp Ala Ala Lys 1le Ile Asp Ser Ser Ser Asp Leu Asp Lys
20 25 30

Ser Lys Lys Phe Tyr Phe Val Ala Ala Thr Leu Arg Pro Glu Thr Met
3s 40 45

Tyr Gly Gln Thr Cys Cys Phe Val Ser Pro Thr Ile Glu Tyr Gly Ile
S0 55 60

Phe Asp Ala Gly Asp Ser Tyr Phe Ile Thr Thr Glu Arg Ala Phe Lys
65 70 75 80

Asn Met Ser Tyr Gln Lye Leu Thr Pro Lys Arg Gly Phe Tyr Lys Pro
85 90 98
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Ile Val Thr Val Pro Gly Lys Ala Phe Ile Gly Thr Lys lle Hie Ala
100 108 110

Pro Gln Ser Val Tyr Pro Glu Leu Arg Ile Leu Pro Met Glu Thr Val
115 120 125

Ile Ala Thr Lys Gly Thr Gly vVal Val Thr Cys Val Pro Ser Asn Ser
130 135 140

Pro Aop Asp Tyr Ile Thr Thr Lyo Asp Leu Leu His Lyo Pro Glu Tyr
145 150 1585 160

Tyr Gly Ile Lys Pro Glu Trp Ile Asp His Glu Ile Val Pro Ile Met
165 170 175

His Thr Glu Lys Tyr Gly Asep Leu Thr Ala Lys Ala Ile Val Glu Glu
180 185 190

Lys Lys Ile Gln Ser Pro Lys Asp Lys Asn Leu Leu Ala Glu Ala Lys
195 200 205

Lys Ile Ala Tyr Lys Glu Aep Tyr Tyr Thr Gly Thr Met Ile Tyr Gly
210 218 220

Pro Tyr Lye Gly Glu Lys Val Glu Gln Ala Lys Asn Lys Val Lys Ala
225 230 235 240

Agp Met Ile Ala Ala Gly Glu Ala Phe Val Tyr Asn Glu Pro Glu Ser
245 250 258

Gln Aep Pro Gln Asp Pro Asn Ser Ser Ser Val Asp Lys Leu Ala Ala
260 265 270

Ala Leu Glu His His His His Hisg
275 280

<210> SEQ ID NO 3

<211> LENGTH: 185

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 3

Glu Gly Val Glu Ile Thr Phe Asn Val Asn Asp Tyr Asp Asn Thr Leu
1 S 10 15

Thr Val Tyr Thr Thr Arg Pro Asp Thr Phe Met Gly Cys Thr Tyr Leu
20 25 30

Ala Val Ala Ala Gly Hie Pro Leu Ala Gln Lys Ala Ala Glu Asn Asn
Pro Glu Leu Ala Ala Phe Ile Asp Glu Cys Arg Asn Thr Lys Val Ala
50 sS 60

Glu Ala Glu Met Ala Thr Met Glu Lys Lys Gly Val Asp Thr Gly Phe
65 70 75 80

Lys Ala Val His Pro Leu Thr Gly Glu Glu Ile Pro Val Trp Ala Ala
85 90 95

Asn Phe Val Leu Met Glu Tyr Gly Thr Gly Ala Val Met Ala Val Pro
100 105 110

Gly His Asp Gln Arg Asp Tyr Glu Phe Ala Ser Lys Tyr Gly Leu Asn
115 120 125

Ile Lys Pro Val Ile Leu Ala Ala Asp Gly Ser Glu Pro Asp Leu Ser
130 138 140

Gln Gln Ala Leu Thr Glu Lys Gly Val Leu Phe Asn Ser Gly Glu Phe
145 150 155 160

Asn Gly Leu Asp His Glu Ala Ala Phe Aen Ala Ile Ala Asp Lys Leu
165 170 175

Thr Ala Met Gly Val Gly Glu Arg Lys
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180 185

<210> SEQ ID NO 4’

<211> LENGTH: 185

<212> TYPE: PRT

<213> ORGANISM: Propionibacterium acnes
<400> SEQUENCE: 4

Glu Gly Ala Tyr Val Asp Phe Thr Ile Asp Gly His Lys Glu Pro Val
1 S 10 1s

Arg Val Phe Thr Thr Arg Pro Asp Thr Leu Tyxr Gly Ala Thr Phe Met
20 25 30

Val Val Ala Pro Asp Ser Ala Leu Ala Gln Glu Ile Val Ser Asp Glu
Ala Arg Pro Ala Phe Glu Thr Tyr Leu Asp Glu Val Lys Lys Lys Ser
Glu Ile Glu Arg Gln Ala Thr Asp His Glu Lys Thr Gly Val Pro Leu

65 70 75 80

Gly Val Glu Ala Thr Asn Pro Val Asn Gly Ala Lye Val Pro Val Trp
85 90 95

Ala Gly Asp Tyr Val Leu Ala Asp Tyr Gly Thr Gly Ala Val Met Ala
100 105 110

Val Pro Ala His Asp Gln Arg Asp Leu Asp Phe Ala Arg Thr Tyr Gly
115 120 125

Ile Asp Val Ile Pro Val lle Asp Thr Gly Glu Ala Asp Pro Arg Glu
130 135 140

Ser Gly Val Ala Thr Thr Gly Asp Gly Val Tyr Gln Asn Ser Gly Phe
145 i50 155 160

Leu Asn Gly Ile Ala Thr Lys Ala Glu Ala Ile Ala Lys Met Cys Glu
165 170 178

Phe Leu Asp Glu Lys Gly Ile Gly Glu
180 185

<210> SEQ ID NO 5

<211> LENGTH: 194

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas aeruginosa

<400> SEQUENCE: S

Gly Met Glu Ile Gly Phe Pro Tyr Asp Gln Ala Ser Ile Gly His Ala
1 S 10

Gly Gln Leu Lys Val Phe Thr Thr Arg Pro Aep Thr Leu Met Gly Ala
20 25 30

Thr Tyr Val Ala Val Ala Ala Glu His Pro Leu Ala Thr Gln Ala Ala
35 40 45

Gln Asn Asp Pro Gln Leu Gln Ala Phe Ile Asp Glu Cys Lys Arg Gly
50 55 60

Gly Val Ala Glu Ala Asp Ile Ala Thr Gln Glu Lys Lys Gly Met Ala
65 70 75 80

Thr Ser Leu Phe Val Glu His Pro Leu Thr Gly Asp Lys Leu Pro Val
85 90 95

Trp Val Ala Asn Tyr Val Leu Met Asn Tyr Gly Glu Gly Ala Val Met
100 105 110

Ala Val Pro Gly His Asp Glu Arg Asp Phe Glu Phe Ala Asn Lys Tyr
115 120 125

Gly Leu Pro Ile Arg Gln Val Ile Ala Lys Val Glu Gly Asp Aep Asp
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130 135 140

Phe Glu Ser Ser Val Trp Lys Glu Trp Tyr Gly Ala Lys Asp Glu Ser
145 150 155 160

Val Leu Thr Val Asn Ser Gly Lys Tyr Asp Asn Leu Gly Tyr Gln Ala
165 170 178

Ala Phe Asp Ala Ile Gly Ala Rep Leu Glu Ala Lys Gly Leu Gly Gln
180 185 190

Ala Arg

<210> SEQ ID NO 6

<211> LENGTH: 183

<212> TYPE: PRT

<213> ORGANISM: Bacillus anthracis

<400> SEQUENCE: 6

Glu Gly Ala Glu Val His Phe Asn Ile Asp Gly Thr Asp Glu Lys Phe
1 S 10 1s

Thr Val Phe Thr Thr Arg Pro Asp Thr Leu Phe Gly Ala Ser Tyr Cys
20 25 30

Val Leu Ala Pro Glu His Ala Leu Val Ala Asp Ile Thr Thr Ala Asp
35 40 45

Gln Lye Glu Ala Val Glu Ala Tyr lle Asn Ser Val Lys Met Lye Ser
S0 5SS 60

Asp Leu Glu Arg Thr Glu Leu Ala Lye Glu Lys Thr Gly Val Phe Thr
65 70 75 80

Gly Ala Tyr Ala Val Asn Pro Val Aen Gly Glu Lys Leu Pro Ile Trp
85 90 95

Ile Ala Asp Tyr Val Leu Ala Thr Tyr Gly Thr Gly Ala Val Met Ala
100 105 110

Val Pro Ala His Asp Glu Arg Asp Tyr Glu Phe Ala Ser Thr Phe Asn
115 120 125

Leu Pro Met Lys Glu Val Val Lys Gly Gly Asp Ile Thr Lys Glu Ala
130 135 140

Tyr Thr Gly Asp Gly Ala His Val Asn Ser Ala Phe Leu Asp Gly Leu
145 150 155 160

Asn Lys Glu Glu Ala Ile Ala Lys Met Ile Glu Trp Leu Glu Val Thr
165 170 175

Ser Ala Gly Asn Gln Lys Val
180

<210> SEQ ID NO 7

<211> LENGTH: 183

<212> TYPE: PRT

<213> ORGANISM: Staphylococcus aureusg

<400> SEQUENCE: 7

Glu Gly Ala Lys Val Thr Phe Lys Ile Glu Gln Ser Asp Gln Asn Ile
1 S 10 15

Glu Val Phe Thr Thr Arg Pro Asp Thr Ile Tyr Gly Thr Ser Phe Leu
20 25 30

Val Leu Ser Pro Glu His Pro Leu Val Asn Glu Ile Thr Thr Ser Asp
35 40 45

Lys Glu Gln Glu Val Lys Leu Tyr Gln Asn Glu Ala Ser Lys Lys Ser
1Y) 55 60

Asp Leu Glu Arg Thr Asp Leu Ala Lys Glu Lys Thr Gly Val Phe Thr
65 70 75 80
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Gly Thr Phe Ala Ile Asn Pro Leu Ser Gly Asp Lys Leu Pro Ile Trp
85 90 95

Ile Ala Asp Tyr Val Leu Ser Thr Tyr Gly Thr Gly Ala Val Met Ala
100 105 110

Val Pro Gly His Asp Glu Arg Asp His Glu Phe Ala Thr Lys Phe Asn
115 120 125

Leu Pro Ile Ile Glu Val Ile Glu Gly Gly Glu Val Gln Lys Tyr Ala
130 135 140

Tyr Thr Gly Glu Gly Lys His Ile Asn Ser Gly Glu Leu Asp Gly Leu
145 150 155 160

Glu Asn Glu Ala Ala Ile Ser Lys Ala Ile Glu Leu Leu Glu Ser Lys
165 170 175

Gly Ala Gly Glu Lys Lys Val
180

<210> SEQ ID NO 8

<211> LENGTH: 182

<212> TYPE: PRT

<213> ORGANISM: Streptococcus pyogens

<400> SEQUENCE: 8

Gly Ala Asn Val Thr Phe Lys Val Lys Asp Thr Aep Lys Asn Phe Thr
1 S 10 15

Val Phe Thr Thr Arg Pro Acp Thr Leu Phe Gly Ala Thr Tyr Ala Val
20 25 30

Leu Ala Pro Glu His Ala Leu Val Asp Ala Ile Thr Thr Ala Asp Gln
35 40 45

Ala Glu Ala Val Ala Asp Tyr Lys Arg Gln Ala Sex Leu Lys Ser Asp
50 55 60

Leu Ala Arg Thr Asp Leu Ala Lys Glu Lys Thr Gly Val Trp Thr Gly
65 70 75 80

Ser Tyr Ala Ile Asn Pro Val Asn Gly Lys Glu lle Pro Val Trp Ile
85 90 95

Ala Asp Tyr Val Leu Ala Ser Tyr Gly Thr Gly Ala Ile Met Ala Val
100 105 110

Pro Ala His Asp Glu Arg Asp Trp Glu Phe Ala Lys Gln Phe Asn Leu
115 120 125

Asp Ile Ile Pro Val Leu Glu Gly Gly Asn Val Glu Glu Ala Ala Phe
130 135 140

Thr Glu Asp Gly Leu His Ile Asn Ser Gly Phe Leu Asp Gly Leu Asp
145 150 155 160

Lys Ala Ser Ala Ile Ala Lys Met Val Glu Trp Leu Glu Ala Glu Gly
165 170 175

Val Gly Asn Glu Lys Val
180

<210> SEQ ID NO 9

<211> LENGTH: 187

<212> TYPE: PRT

<213> ORGANISM: Thermus thermophilus

<400> SEQUENCE: 9

Glu Gly Ala Glu Ile Leu Phe Pro Val Glu Gly Lys Glu Val Arg Ile
1 S 10 15

Pro Val Phe Thr Thr Arg Pro Asp Thr Leu Phe Gly Ala Thr Phe Leu
20 25 30
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Val Leu Ala Pro Glu His Pro Leu Thr Leu Glu Leu Ala Ala Pro Glu
35 40 45

Lys Arg Glu Glu Val Leu Ala Tyr Val Glu Ala Ala Lys Arg Lys Thr
Glu Ile Glu Arg Gln Ala Glu Gly Arg Glu Lye Thr Gly Val Phe Leu
Gly Ala Tyr Ala Leu Aen Pro Ala Thr Gly Glu Arg Ile Pro Ile Trp

85 90 95

Thr Ala Asp Tyr Val Leu Phe Gly Tyr Gly Thr Gly Ala Ile Met Ala
100 105 110

Val Pro Ala His Asp Gln Arg Asp Tyr Glu Phe Ala Arg Lys Phe Gly
115 120 125

Leu Pro Ile Lys Lys Val Ile Glu Arg Pro Gly Glu Pro Leu Pro Glu
130 135 140

Pro Leu Glu Arg Ala Tyr Glu Glu Pro Gly Ile Met Val Aesn Ser Gly
145 150 155 160

Pro Phe Asp Gly Thr Glu Ser Glu Glu Gly Lys Arg Lys Val Ile Ala
165 170 175

Trp Leu Glu Glu Lys Gly Leu Gly Lys Gly Arg
180 185

<210> SEQ ID NO 10

<211> LENGTH: 186

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosie

<400> SEQUENCE: 10

Phe Glu Val Asp Ile Glu Val Phe Thr Thr Arg Pro Asp Thr Leu Phe
1 S 10 15

Gly Ala Thr Tyr Leu Val Leu Ala Pxo Glu Hie Asp Leu Val Asp Glu
20 25 30

Leu Val Ala Ala Ser Trp Pro Ala Gly Val Aen Pro Leu Trp Thr Tyr
35 40 45

Gly Gly Gly Thr Pro Gly Glu Ala Ile Ala Ala Tyr Arg Arg Ala Met
S0 S5 60

Ala Ala Lys Ser Asp Leu Glu Arg Gln Glu Ser Arg Glu Lys Thr Gly
Val Phe Val Gly Ser Tyr Ala Ile Asn Pro Ala Asn Gly Glu Pro Val
Pro Ile Phe Ile Ala Asp Tyr Val Leu Ala Gly Tyr Gly Thr Gly Ala

100 105 110

Ile Met Ala Val Pro Gly His Asp Gln Arg Asp Trp Asp Phe Ala Arg
115 120 128

Ala Phe Gly Leu Pro Ile Val Glu Val Ile Ala Gly Gly Asn Ile Ser
130 135 140

Glu Ser Ala Tyr Thr Gly Asp Gly Ile Leu Val Asn Ser Asp Tyr Leu
145 150 15% 160

Asn Gly Met Ser Val Pro Ala Ala Lys Arg Ala Ile Val Asp Arg Leu
165 170 175

Glu Ser Ala Gly Arg Gly Arg Ala Arg Ile
180 185

<210> SEQ ID NO 11
<211> LENGTH: 251
<212> TYPE: PRT
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<213> ORGANISM: Candida albicans
<400> SEQUENCE: 11

Tyr Val Gly Ile Lys Ile Arg Leu Thr Asp Val Ala Pro Gln Ala Gln
1 5 10 15

Glu Leu Phe Lys Lys Glu Ser Leu Asp Val Lys Glu Aen Lys Val Tyr
20 25 30

Leu Val Ala Ala Thr Leu Arg Pro Glu Thr Met Tyr Gly Gln Thr Cys
35 40 45

Cys Phe Val Ser Pro Lys Ile Asp Tyr Gly Val Phe Asp Ala Gly Asn
Gly Asp Tyr Phe 1le Thr Thr Glu Arg Ala Phe Lys Asn Met Ser Phe
Gln Asn Leu Thr Pro Lys Arg Gly Tyr Tyr Lys Pro Leu Phe Thr Ile

85 90 9s

Asn Gly Lye Thr Leu Ile Gly Ser Arg Ile Asp Ala Pro Tyr Ala Val
100 105 110

Asn Lys Asn Leu Axg Val Leu Pro Met Glu Thr Val Leu Ala Thr Lys
115 120 125

Gly Thr Gly Val Val Thr Cys Val Pro Ser Asp Sexr Pro Aep Asp Phe
130 135 140

Val Thr Thr Arg Asp Leu Ala Asn Lys Pro Glu Tyr Tyr Gly Ile Glu
145 150 155 160

Lys Asp Trp Val Gln Thr Asp Ile Val Pro Ile Val His Thr Glu Lys
165 170 175

Tyr Gly Asp Lys Cye Ala Glu Phe Leu Val Asn Asp Leu Lys Ile Gln
180 185 190

Ser Pro Lys Asp Ser Val Gln Leu Ala Asn Ala Lys Glu Leu Ala Tyr
198 200 205

Lys Glu Gly Phe Tyr Aen Gly Thr Met Leu Ile Gly Lys Tyr Lys Gly
210 215 220

Asp Lys Val Glu Asp Ala Lys Pro Lys Val Lys Gln Asp Leu Ile Asp
225 230 23S 240

Glu Gly Leu Ala Phe Val Tyr Asn Glu Pro Glu
245 250

<210> SEQ ID NO 12

<211> LENGTH: 256

<212> TYPE: PRT

<213> ORGANISM: Asopergillus fumigatus

<400> SEQUENCE: 12

Tyr Thr Ala Met Lys Leu Gln Val Lye Glu Trp Ala Pro Glu Ile Ala
1

Glu Leu Val Lys Gly Lys Ile Glu Asp Asp Ala Lys Val Tyr Phe Val
20 25 30

Pro Ala Thr Leu Arg Pro Glu Thr Met Tyr Gly Gln Thr Cys Cys Phe
35 40 45

Leu Gly Pro Lys Ile Lys Tyr Gly Ile Phe Arg Val Lys Glu Lys Glu
50 S5 60

Tyr Tyr Ile Val Thr Lys Arg Ala Ala Trp Asn Met Ala Phe Gln Gly
65 70 75 80

Ile Phe Phe Asp Ser Glu His Phe Pro Lys Thr Gln Asp Glu Leu Pro
85 90 95

Leu Val Leu Glu Ala Pro Gly Ser Ala Phe Val Gly Thr Leu Val Asn
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100 105 i10

Ala Pro Leu Ser Phe His Thr Glu Gly Val Arg Ile Leu Prxo Met Glu
1185 120 125

Gly Val Ser Ala Thr Lys Gly Thr Gly Val Val Thr Ser Val Pro Ser
130 135 140

Asp Ser Pro Asp Asp Tyr Ala Thr Leu Val Asp Leu Ala Lys Lys Pro
145 150 155 160

Glu Tyr Tyr Gly Ile Lys Lys Glu Trp Ala Glu Leu Glu Ile Phe Pro
165 170 175

Leu Ile Glu Thr Pro Thr Tyr Gly Aen Leu Thr Ala Pro Thr Leu Val
180 185 190

Lys Lys Leu Lys Ile Asn Ser Pro Lys Asp Val Asn Gln Leu Ala Gln
195 200 208

Ala Lys Glu Leu Ala Tyr Gly Glu Ala Tyr Tyr Lys Gly Thr Met Leu
210 215 220

Val Gly Glu Phe Lys Gly Glu Pro Val Ser Ala Ala Lys Glu Lys Ile
228 230 235 240

Arg Lys Ser Leu Tyr Glu Ser Gly Aep Ala Phe Pro Phe Ala Asp Pro
245 250 255

<210> SEQ ID NO 13

<211> LENGTH: 256

<212> TYPE: PRT

<213> ORGANISM: Trichophyton rubrum

<400> SEQUENCE: 13

Tyr Thr Ala Met Lys Leu Lye Val Lys Glu Trp Ser Pro Lys Ala Lys
1 S 10 15

Glu Ile Ile Gln Gly Lys Ile Glu Lys Asp Ala Aen Val Tyr Phe Val
20 25 30

Pro Ala Thr Leu Arg Pro Glu Thr Met Tyr Gly Gln Thr Cys Cys Phe
35 40 45

Val Gly Pro Ala Ile Ser Tyr Gly Ile Phe Lys Val Lys Glu Lys Glu
S50 SS 60

Tyr Tyr Val val Thr Lys Arg Ala Ala Trp Asn Met Ala Phe Gln Gly
65 70 75 80

Ile Phe Phe Asp Val Asn Asn Leu Pro Lye Ser Gln Aep Glu Leu Pro
Pro Val Val Glu Ala Pro Gly Ser Ala Leu Ile Gly Thr Leu Val Asn
100 1085 110

Ala Pro Leu Ser Phe Hies Lys Glu Gly Val Arg Ile Leu Pro Met Glu
115 120 125

Thr Val Ser Ala Asn Lys Gly Thr Gly Val Val Ser Cys Val Pro Ser
130 135 140

Asp Ser Pro Asp Asp Phe Ala Thr Ile Ser Asp Leu Ala Lys Lys Ala
145 150 158 160

Asp Tyr Tyr Gly Ille Gln Lys Glu Trp Ala Glu Leu Glu Ile His Pro
165 170 175

Leu Ile Glu Thr Pro Thr Tyr Gly Asn Leu Thr Ala Pro Ala Leu Val
180 185 190

Lys Gln Leu Lys Ile Asn Ser Pro Lys Asp Thr Val Gln Leu Ala Gln
195 200 205

Ala Lys Asp Leu Ala Tyr Thr Glu Gly Phe Tyr Lys Gly Lys Met Leu
210 215 220
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val Gly Glu Phe Lys Gly Glu Pro Val Gln Thr Ala Lye Glu Lys Val
225 230 235 240

Arg Asn Ser Leu Ile Lys Ser Gly Asp Ala Phe Pro Phe Ala Asp Pro
245 250 258

<210> SEQ ID NO 14

<211> LENGTH: 253

<212> TYPE: PRT

<213> ORGANISM: Home sapiens

<400> SEQUENCE: 14

Val Gly Pro Gln Glu Tyr Thr Leu Leu Lys Leu Lye Val Leu Glu Pro
1 s 10 1S

Tyr Pro Ser Lys Leu Ser Gly Leu Lys Gly Lys Asn Ile Phe Leu Val
20 25 30

Ala Ala Thr Leu Arg Pro Glu Thr Met Phe Gly Gln Thr Asn Cye Trp
35 40 45

val Arg Pro Rep Met Lys Tyr Ile Gly Phe Glu Thr Val Asn Gly Asp
Ile Phe Ile Cys Thr Gln Lye Ala Ala Arg Asn Met Ser Tyr Gln Gly
65 70 75 80

Phe Thr Lys Asp Asn Gly Val Val Pro Val Val Lys Glu Leu Met Gly
8% 90 95

Glu Glu Ile Leu Gly Ala Ser Leu Ser Ala Pro Leu Thr Ser Tyr Lys
100 105 110

Val Ile Tyr Val Leu Pro Met Leu Thr Ile Lys Glu Asp Lys Gly Thr
115 120 125

Gly val val Thr Ser Val Pro Ser Asp Ser Pro Asp Asp Ile Ala Ala
130 135 140

Leu Arg Asp Leu Lyes Lys Lys Gln Ala Leu Arg Ala Lys Tyr Gly Ile
145 150 1S5 160

Arg Asp Asp Met Val Leu Pro Phe Glu Pro Val Pro Val Ile Glu Ile
165 170 175

Pro Gly Phe Gly Asn Leu Ser Ala Val Thr Ile Cys Asp Glu Leu Lys
180 185 190

Ile Gln Ser Gln Aen Asp Arg Glu Lys Leu Ala Glu Ala Lys Glu Lys
19S5 200 205

Ile Tyr Leu Lys Gly Phe Tyr Glu Gly Ile Met Leu Val Asp Gly Phe
210 215 220

Lys Gly Gln Lys Val Gln Aep Val Lye Lys Thr Ile Gln Lye Lys Met
228 230 235 240

Ile Asp Ala Gly Asp Ala Leu Ile Tyr Met Glu Pro Glu
245 250

<210> SEQ ID NO 15

<211> LENGTH: 259

<212> TYPE: PRT

<213> ORGANISM: Trypancsoma brucei

<400> SEQUENCE: 15

Tyr Thr Val Val Lys Leu Lys Val Lye Aen Pro Leu Glu Gln Pro Ala
1 5 10 15

Leu Ala Pro Phe Ser Glu Ile Ile Gly Asn Arg Ser Val Ile Leu Pro
20 2S 30

Gly Ala Thr Leu Arg Pro Glu Thr Val Ile Gly Gln Thr Asn Cys Trp
35 40 45
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Val Ser Pro Asn Phe Ser Tyr Met Ala Tyr Ser Ile Leu Asn Gly Thr
S0 55 60

Gly Glu Glu Glu Ile Tyr lle Met Thr Ser Arg Ala Ala Arg Asn Leu
65 70 75 80

Ala Tyr Gln Asn Phe Thr Val Aen Gly Lye Thr Gly Val Aep Pro Ser
85 90 95

Pro Leu Phe Glu Val Asp Gly Ala Lys Leu Ile Gly Leu Pro Leu Ser
100 105 110

Ala Pro Leu Cys Pro Tyr Asp Thr Ile Tyr Thr Leu Pro Met Gln Ser
115 120 125

Ile Ile Glu Thr Lys Gly Thr Gly Val Val Met Ser Val Pro Ala Asp
130 135 140

Ser Pro Asp Asp Tyr Ile Aen Tyr Val Gln Leu Val Asn Lys Pro Asp
145 150 158 160

Tyr Arg Ala Lyse Leu Gly Leu Lys Asp Glu Trp Val Ala Asn Lys Ile
165 170 17s

Val Ser Leu Ile Glu Val Pro Gly Glu Met Gly Arg Glu Ser Ala Lys
180 185 190

Tyr Met Cys Glu Lys Leu Lys Ile Asn Gly Pro Asn Ala Thr Asp Leu
195 200 205

Leu Glu Glu Ala Lys Lys Val Ile Tyr Gln Ala Gly Phe Tyr Gln Gly
210 215 220

Val Met Ile Ala Gly Pro Phe Ala Gly Glu Lys Val Ser Ala Ala Lys
225 230 235 240

Val Lys Thr Val Lys Leu Leu Glu Glu Gln Asn Ala Ala Ile Arg Tyr
245 250 255

Tyr Glu Pro

<210> SEQ ID NO 16

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 16
gggagtttgg ccgagtggtt taaggcgtca gatttagget ctgatatctt cggatgcaag 60

ggttcgaatc ccttagcetct cacca 85

<210> SEQ ID NO 17

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 17
gaaactataa ttcaattggt tagaatagta ttttgataag gtacaaatat aggttcaatce 60

cctgttagtt tcat 74

<210> SEQ ID NO 18

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: m2g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: ac4c
<220> FEATURE:
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

gguuguuugg ccgageggde daaggegecu gauucaagcu cagguaucgu aagaugcaag

NAME/KEY: modified base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (33)..(33)
OTHER INPORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INFORMATION: m5c
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: wmlg
FEATURE:

NAME/KEY: modified base
LOCATION: (40)..(40)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (57)..(57)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified base
LOCATION: (64)..(64)
OTHER INFORMATION: p

SEQUENCE: 18

agtucgaauc ucuuagcaac cacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<«221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

SEQ 1D NO 19
LENGTH: 87
TYPE: DNA

ORGANISM: Haloferax volcanii

FEATURE:

NAME/KEY: modified_base
LOCATION: (15).. (15}
OTHER INFORMATION: fa7d7G
FEATURE:

NAME/KEY: modified base
LOCATION: (28)..(28)
OTHER INFORMATION: m22G
FEATURE:

NAME/KEY: modified_base
LOCATION: (39)..(39)
OTHER INFORMATION: mlG
FEATURE:

NAME/KEY: modified_basge
LOCATION: (41)..(41)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (59)..(59)
OTHER INFORMATION: m5C
FEATURE:

NAME/KEY: modified_base
LOCATION: (65)..(65)
OTHER INPORMATION: mlp
FEATURE:

NAME/KEY: modified_base
LOCATION: (66)..(66)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (67)..{(67)
OTHER INPORMATION: Cm
FEATURE:

NAME/KEY: modified_base
LOCATION: (68)..(68)
OTHER INFORMATION: mli

60

85
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<400>

SEQUENCE: 19

gcgaggguag cuaagucagg aaaaagcgge ggacucaaga uccgcucccg uagggguccyg

uggguucaaa ucccuccccu cgcacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ 1D NO 20

LENGTH: 87

TYPE: DNA

ORGANISM: Phage T4
PEATURE:

NAME/KEY: modified_base
LOCATION: (8)..(8)
OTHER INFORMATION: &4U
FEATURE:

NAME/KEY: modified base
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (18)..(18)
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified_base
LOCATION: (20)..{20)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified base
LOCATION: (35)..(35)
OTHER INFORMATION: unidentified methylated uridine
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: ms2i6A
FEATURE:

NAME/KEY: modified_base
LOCATION: (40)..(40)
OTHER INFORMATION: p
PEATURE:

NAME/KEY: modified_base
LOCATION: (66)..(66)
OTHER INFORMATION: p

SEQUENCE: 20

gcgagaaugg ucaaauuggu aaaggcacag cacuuaaaau gcugcggaau gauuuccuug

ugggtucgag ucccacuucu cgcacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
«221>
<222>

SEQ ID NO 21

LENGTH: 85

TYPE: DNA

ORGANISM: Phage T5
PEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: d
PEATURE:

NAME/KEY: modified base
LOCATION: (18)..(18)
OTHER INFORMATION: gm
PEATURE:

NAME/KEY: modified_base
LOCATION: (20)..(20)
OTHER INFORMATION: 4
FEATURE:

NAME/KEY: modified_base
LOCATION: (38)..(38)
OTHER INFORMATION: méa
FEATURE:

NAME/KEY: modified_base
LOCATION: (40)..(40)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (64)..(864)

60

87

60

87
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<223> OTHER INFORMATION: p
<400> SEQUENCE: 21
ggggcuauge uggaacuggu agacaauacg gccuuagauu ccguagcuua aaugeguggg

agtucgaguc ucccuagecce cacca

<210> SEQ ID NO 22

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Bacillus subtilis
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (38)..(38)
<223 > OTHER INFORMATION: mlg
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (40)..(40)
<223> OTHER INPORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(69)
<223> OTHER INFORMATION: mla

<400> SEQUENCE: 22
gcggguguge gggaauuggu agaccggcocua gauucaggau cuagggucuu uauggaccug

agggtucaag ucccuucace cgcacca

<210> SEQ ID NO 23

«211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (8}..(8)
<223> OTHER INFORMATION: 84U
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: gm
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (20)..(20}
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (33)..(33)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (35)..(35}
<223> OTHER INFORMATION: unidentified methylated adenosine
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (38}..(38)
<223> OTHER INFORMATION: ms2i6a
<220> FEATURE:

<221> NAME/KEY: modified_base

60

85

60

87
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<222> LOCATION: (40)..(40)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 23
gcccggaugg uggaaucggu agacacaagg gauuaaaaau cccucggcegu ucgcgcugug

cgggtucaag ucccgeuccg gguacca

<210> SEQ ID NO 24

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Salmonella typhi
<220> FPEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: gm
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: d
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: unidentified methylated guanosine
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (39)..(39)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (41)..(41)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (66)..(66)
<223> OTHER INFPORMATION: p

<400> SEQUENCE: 24
gcgaaggugg cggaauuggu agacgcgcua gcuucaggug uuaguguccu uacggacgug

ggggtucaag uccccceccu cgcacca

<210> SEQ ID NC 25

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Rhodogpirillum rubrum
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: d
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (19)..(19)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (36)..(36)
<223> OTHER INFORMATION: unidentified methylated adenocsine
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: p
<220> FEATURE:

60

87

60

87
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<221> NAME/KEY: modified base
<222> LOCATION: (64)..(64)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 25
gecuuuguag cggaauggua acgceggcaga cucaaaaucu gcuuugguaa cccagguggu 60

agtucgacuc uccccaaagg cacca 85

<210> SEQ 1D NO 26

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Anacystis nidulans
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: 4
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: unidentified methylated adenosine
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (40)..(40)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 26
gggcaagugg cggaauuggu agacgcagca gacucaaaau cugcecgeuag cgauagugug 60

ugggtucgag ucccaccuug cccacca 87

<210> SEQ ID NO 27

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Anacystis nidulans
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: milg
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (39)..(39)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (40)..(40)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 27
gcggaacugg cggaauuggu agacgcgcua gauucagguu cuagugguuu cacgacuguc 60

<gggtucaag ucccggguuc cgcacca 87
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<210> SEQ ID NO 28

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Bacillus stearothermophilus
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: s4u
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (23)..(23)
<223> OTHER INFORMATION: mla
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (35)..(35)
<223> OTHER INFORMATION: cm
<220> FEATURE:

<221> NAME/KEY: modified base
<<22> LOCATION: (38)..(38)
<223> OTHER INFORMATION: ms2iéa
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (40)..(40)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (65)..(65)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 28
gccgaugugg cggaauugge agacgcgcac gacucaaaau cgugugggcu uugcccgugu

gggtucgacu cccaccaucg gcacca

<210> SEQ ID NO 29

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Glycine max
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: gm
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (19)..(19)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (34)..(34)
<223> OTHER INPORMATION: cm
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (37)..(37)
<223> OTHER INFORMATION: unidentified methylated adencsine
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (39)..(39)
<223> OTHER INPORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (63)..(863)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 29

gccuuggugg ugaaauggua gccacgcgag acucaaaauc ucgugcuaca gagcguggag
gtucgaguce ucuucaagge acca

<210> SEQ ID NO 30

<211> LENGTH: 88
<212> TYPE: DNA

60

86

60

84



Case 1:18-cv-00202-IMK Document 1-3 Filed 10/30/18

US 9,566,290 B2
271

-continued

Page 216 of 241 PagelD #: 713

272

<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

ORGANISM: Glycine max
FEATURE:

NAME/KEY: modified _base
LOCATION: (18)..(18)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified base
LOCATION: (20)..(20)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (27)..(27)
OTHER INFORMATION: p
PEATURE:

NAME/KEY: modified_base
LOCATION: (3S)..(35)
OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified _base
LOCATION: (38)..(38)
OTHER INFORMATION: unidentified methylated adenosine
FEATURE:

NAME/KEY: modified_base
LOCATION: (40)..(40)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (67)..(67)
OTHER INFORMATION: p

SEQUENCE: 30

ggggauaugg cgaaauuggu agacgcuacg gacuuaaaau ccgucgacuu aagaaaucau

gagggtucaa gucccucuau ccccacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 31

LENGTH: 83

TYPE: DNA

ORGANISM: Glycine max
PEATURE:

NAME/KEY: modified_base
LOCATION: (18)..(18)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified base
LOCATION: (20)..(20)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified base
LOCATION: (37)..(37)
OTHER INFORMATION: m7g
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (62)..(62)
OTHER INFORMATION: p

SEQUENCE: 31

gccgcuaugg ugaaauuggu agacacgcug cucuuaggaa geagugcuag agcaucucgg

tucgaguccg aguagcggea cca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ ID NO 32

LENGTH: 8S

TYPE: DNA

ORGANISM: Phaseolus vulgaris
FEATURE:

NAME/KEY: modified_base
LOCATION: (18)..(18)

OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified base
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<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (35)..(35)
<223> OTHER INFORMATION: cm
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: unidentified methylated adencsine
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (64)..(64)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 32
ggcuugaugg ugaaauuggu agacacgcga gacucaaaau cucgugcuaa agagcgugga 60

ggtucgaguc cucuucaagu cacca 85

<210> SEQ 1D NO 33

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Phaseolus vulgaris
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: gm
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (35)..(35)
<223> OTHER INPORMATION: unidentified methylated uridine
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: unidentified methylated adenosine
«220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (40} .. (40}
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (67)..(67)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 33
ggggauaugg cgaaauuggu agacgcuacg gacuuaaaau ccgucgacuu aauaaaucau 60

gagggtucaa gucccucuau ccccacca 88

<210> SEQ ID NO 34

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Phaseolus vulgaris
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: gm
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: 4
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (37)..(37)
<223> OTHER INFORMATION: m7g
<220> FEATURE:
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<221> NAME/KEY: modified base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: mlg
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (62})..(62)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 34
gccgcuaugg ugaaauuggu agacacgcug cucuuaggaa gcagugcuag agcaucucgg 60

tucgaguccg aguagcggca cca 83

<210> SEQ 1D NO 35

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Spinacia oleracea
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: gm
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (37)..(37)
<223> OTHER INFORMATION: m7g
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: mlg
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (62)..(62)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 35 .
gccgcuaugg ugaaauuggu agacacgcug cucuuaggaa gcagugegag agcaucucgg 60

tucgaguccg aguageggcea cca 83

<210> SEQ 1D NO 36

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Neurospora crassa
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: d

<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: 4

<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (34)..(34)

<223> OTHER INFORMATION: unidentified methylated uridine
<220> FEATURE:

<221> NAME/KEY: modified_bage
<222> LOCATION: (64)..(64)

<223> OTHER INFORMATION: p

<400> SEQUENCE: 36

auccgaguga uggaauggua gacauaacau gcuuaaaaca ugugggcuuc aagcugugaa 60
ggtucaaguc cuucuucgga uacca 85
<210> SEQ ID NO 37

<211> LENGTH: 87

<212> TYPE: DNA
<213> ORGANISM: Neurospora crassa
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

FEATURE:

NAME/KEY: modified. base
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (20)..(20)
OTHER INPORMATION: d
FEATURE:

NAME/KEY: modified base
LOCATION: (33)..(33)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (38)..(38)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (66)..(66)
OTHER INFORMATION: p

SEQUENCE: 37

auaggugugc uggaauuggu agacagguuc cguuuaggce ggaaugguuu aaaaacugua

caagtucaag ucuugucauc uauacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 38

LENGTH: 85

TYPE: DNA

ORGANISM: Saccharomyces cerevisiae
FPEATURE:

NAME/KEY: modified_base
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (20)..(20)
OTHER INFORMATION: 4
FEATURE:

NAME/KEY: modified_ base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (32)..(32)
OTHER INPORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INFORMATION: cmnmSU
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified base
LOCATION: (40)..(40)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (64)..(64)
OTHER INFORMATION: p

SEQUENCE: 38

gcuauuuugg uggaauuggu agacacgaua cucuuaagau guauuacuuu acaguaugaa

ggtucaaguc cuuuaaauag cacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>

SEQ ID NO 39

LENGTH: 86

TYPE: DNA

ORGANISM: Solanum tuberosum
FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..(12)

60

87

60

85
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
«222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
«222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221i>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_base
LOCATION: (19)..(19)
OTHER INFORMATION: d

FEATURE:
NAME/KEY: modified_base
LOCATION: (21)..(21)

OTHER INFORMATION: acp3u 3-(3-amino-3-carboxy-propyl)uridine
FEATURE:
NAME/KEY: modified_base

LOCATION: (27)..(27)
OTHER INFORMATION: m22g
PEATURE:

NAME/KEY: modified_base

LOCATION: (35)..(35)

OTHER INFORMATION: unidentified methylated adenosine
FEATURE:

NAME/KEY: modified _base

LOCATION: (37)..(37)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified base
LOCATION: (39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (44} ..(44)
OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified base
LOCATION: (58)..(58)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified_base
LOCATION: (65)..(65)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (68)..(68)
OTHER INFORMATION: mlA

SEQUENCE: 39

gucaggaugg ccgagugguce uaaggcgcca gacuaaguuc uggucuucgu aagagggcogu

gggtucaaau cccacuucug acacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ ID NO 40

LENGTH: 86

TYPE: DNA

ORGANISM: Phaseolus vulgaris
FEATURE:

NAME/KEY: modified base
LOCATION: (10)..(10)
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..{(12)
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (16)..(16)
OTHER INFORMATION: d
PEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_base

60

86
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (21)..(21)
OTHER INFORMATION: acp3u
FEATURE:

NAME/KEY: modified_base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified base
LOCATION: (35)..(35}
OTHER INPORMATION: unidentified methylated adenosin
FEATURE:

NAME/KEY: modified base
LOCATION: (37)..(37)
OTHER INPORMATION: mlg
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (44)..(44)
OTHER INPORMATION: um
PEATURE:

NAME/KEY: modified base
LOCATION: (S8)..(58)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified_base
LOCATION: (65)..(65)
OTHER INPORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (68)..(68)
OTHER INFORMATION: mla

SEQUENCE: 40

gucaggaugg <ccgagugguc uaaggcgcca gacuaaguuc uggucuucga gagagggcgu

gggtucaaau cccacuucug acacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

SEQ ID NO 41

LENGTH: 86

TYPE: DNA

ORGANISM: Phaseclus vulgaris
FEATURE:

NAME/KEY: modified base
LOCATION: (10)..(10)
OTHER INFORMATION: m29
FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..(12)
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (21)..(21)
OTHER INFORMATION: acp3u
FEATURE:

60

86
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
© <220>
<221>
<222>
<223>

<400>

NAME/KEY: modified_base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified base
LOCATION: (35)..(35)
OTHER INFORMATION: unidentified methylated adenosine
PEATURE:

NAME/KEY: modified_base
LOCATION: (37)..(37)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: {39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified basee
LOCATION: (44)..{(44)
OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified_base
LOCATION: (58)..(S8)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified base
LOCATION: (65)..(65)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (68)..(68)
OTHER INFORMATION: mla

SEQUENCE: 41

gucaggaugg ccgagugguc uaaggcgcca gacuaaguuc uggucuucga aagagggogu

gggtucaaau cccacuucug acacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 42

LENGTH: 82

TYPE: DNA

ORGANISM: Phaseolus vulgaris
FPEATURE:

NAME/KEY: modified _base
LOCATION: (10)..(10)
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified base
LOCATION: (12)..(12)
OTHER INFORMATION: acdc
FEATURE:

NAME/KEY: modified_baoe
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FPEATURE:

NAME/KEY: modified_base
LOCATION: (21)..(21)
OTHER INFORMATION: acp3u
PEATURE:

NAME/KEY: modified_base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (33)..(33)
OTHER INFORMATION: p

60

86
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
«221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INFORMATION: unidentified methylated adenosine
PEATURE:

NAME/KEY: modified_base
LOCATION: (37)..(37}
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (44)..(44)
OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified base
LOCATION: (51)..(51)
OTHER INFORMATION: unidentified methylated guanosine
FEATURE:

NAME/KEY: modified_ base
LOCATION: (54)..(54)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified base
LOCATION: (61)..(s61)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (64)..{64)
OTHER INFORMATION: mla

SEQUENCE: 42

gauaguuugg ccgagugguc uaaggcgcca gauuaggcuc ugguccgaaa gggegugggt

ucaaauccca cagcugucac ca

<210>
<211>
<212>
<213 >
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
«221>
«222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
«221>
<222>

SEQ ID NO 43

LENGTH: 85

TYPE: DNA

ORGANISM: Phaseclus vulgaris
FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..(12}
OTHER INFORMATION: acdc
FEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_base
LOCATION: (19)..(19}
OTHER INFORMATION: &
FEATURE:

NAME/KEY: modified_base
LOCATION: (20)..(20)
OTHER INFPORMATION: 4
FEATURE:

NAME/KEY: modified base
LOCATION: (26)..(26)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_ base
LOCATION: (34)..(34)
OTHER INPORMATION: unidentified methylated adenosine
FEATURE:

NAME/KEY: modified_base
LOCATION: (236)..(36}
OTHER INFORMATION: mlg
PEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (43)..(43)
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified_base
LOCATION: (57)..(57)
OTHER INFORMATION: m5c¢C
FEATURE:

NAME/KEY: modified_base
LOCATION: (64)..(64)
OTHER INFORMATION: p
PEATURE:

NAME/KEY: modified_base
LOCATION: (67)..(67)
OTHER INFORMATION: mla

SEQUENCE: 43

gcugguuugg ccgagagguu aaggcggaag acuaagaucu ucugcaguca acugcgcaug

ggtucgaacc ccauagccag cacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
«223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 44

LENGTH: 73

TYPE: DNA

ORGANISM: Rattus norvegicus
FEATURE:

NAME/KEY: modified_base
LOCATION: (8} ..(8)
OTHER INFORMATION: mla
FEATURE:

NAME/KEY: modified_base
LOCATION: (9)..(9)
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified_base
LOCATION: (18).. (18}
OTHER INFORMATION: d
PEATURE:

NAME/KEY: modified_base
LOCATION: (25)..(25)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (46)..(46)
OTHER INPORMATION: mSc

SEQUENCE: 44

cuuuuauagg auagaaguaa uccauugguc uuaggaacca aaaaccuugg ugcaacucca

aauaaaagua cca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ ID NO 45

LENGTH: 85

TYPE: DNA

ORGANISM: Candida albicans
FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..(12)
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified base
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_base
LOCATION: (19)..(19)
OTHER INFPORMATION: d
PEATURE :

NAME/KEY: modified_base

60
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

LOCATION: (20)..(20)
OTHER INFORMATION: d
FPEATURE:

NAME/KEY: modified_base
LOCATION: (26)..(26)
OTHER INFORMATION: m22g
PEATURE:

NAME/KEY: modified_base
LOCATION: (37)..(37)
OTHER INFORMATION: mlg
PEATURE:

NAME/KEY: modified_base
LOCATION: (38)..(38)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (57)..(57)
OTHER INFORMATION: mSc¢
FEATURE:

NAME/KEY: modified base
LOCATION: (64)..(64)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (67)..(67)
OTHER INFORMATION: mla

SEQUENCE: 45

gauacgaugg ccgagugguu aaggcgaagg augcagguuc cuuugggcau ugeccgegca

ggtucgaacc cugcucgugu cgeca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

SEQ ID NO 46
LENGTH: 8S
TYPE: DNA

ORGANISM: Saccharomyces cerevisiae

FEATURE:

NAME/KEY: modified base
LOCATION: (10)..(10)
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified base
LOCATION: (12)..(12)
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (21)..(21)
OTHER INFORMATION: 4
FPEATURE:

NAME/KEY: modified base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (33)..(33)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified_base
LOCATION: (38)..(38)
OTHER INFORMATION: mlg
FEATURE:
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<221>
<222>
<223 >
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

NAME/KEY: modified_base
LOCATION: (40)..(40)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (57)..(57)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified base
LOCATION: (64)..(64)
OTHER INFORMATION: p

SEQUENCE: 46

gguuguuugg ccgagcggue uaaggegecu gauucaageu cagguaucgu aagaugcaag

agtucgaauc ucuuagcaac cacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<«222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
«222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
«222>
<223>

SEQ 1D NO 47

LENGTH: 85

TYPE: DNA

ORGANISM: Saccharomyces cerevisiae
FEATURE:

NAME/KEY: modified_base
LOCATION: (10)..(10)
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified base
LOCATION: (12)..(12)
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified base
LOCATION: (17)..{(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified base
LOCATION: (20)..(20)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (21)..(21)
OTHER INFORMATION: 4
FEATURE:

NAME/KEY: modified baoce
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_bape
LOCATION: (28)..(28)
OTHER INFORMATION: p
PEATURE:

NAME/KEY: modified_base
LOCATION: (33)..(33}
OTHER INFORMATION: p
PEATURE:

NAME/KEY: modified_base
LOCATION: (38)..(38)
OTHER INFORMATION: mlg
FEATURE:

NAME /KEY: modified base
LOCATION: (40)..(40)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (57)..(57)
OTHER INFORMATION: mSc
PEATURE:

NAME/KEY: modified_base
LOCATION: (64)..(64)
OTHER INFORMATION: p

60
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<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (67)..(67)
<223 > OTHER INPORMATION: mla

<400> SEQUENCE: 47
gggaguuugg ccgagugguu uaaggcguca gauuuaggcu cugauaucuu cggaugcaag

ggtucgaauc ccuuagcucu cacca

<210> SEQ ID NO 48

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Candida cylindracea
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: ac4c
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (16)..(16)
<223> OTHER INFPORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (19)..(19)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: d
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (27)..(27)
<223> OTHER INPORMATION: m22g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (35)..(35)
<223> OTHER INFORMATION: i
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INPORMATION: mlg
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (39)..(39)
<223> OTHER INFPORMATION: p
<220> PEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (57)..(57)
<223> OTHER INFORMATION: m5¢
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (64)..(64)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (67)..(67)
<223> OTHER INFPORMATION: mla

<400> SEQUENCE: 48
ggcucucugg ccgagugguc uaaggcgcua ggguaagguc cuagucucuu cggaggcgeg

agtucgaacc ucgcgggagu cacca

<210> SEQ ID NO 49

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Phaseolus vulgaris
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: m2g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)

60
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

OTHER INPORMATION: acdc
PEATURE:

NAME/KEY: modified base
LOCATION: (16)..(16)
OTHER INFORMATION: &
PEATURE:

NAME/KEY: modified _base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified base
LOCATION: (21)..(21)
OTHER INFORMATION: acp3u
PEATURE:

NAME/KEY: modified_base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INFORMATION: unidentified methylated adenosine
FEATURE:

NAME/KEY: modified base
LOCATION: (37)..(37)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: p
PEATURE :

NAME/KEY: modified base
LOCATION: (39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (44)..(44)
OTHER INPORMATION: um
PEATURE:

NAME/KEY: modified_base
LOCATION: (58)..(58)
OTHER INPORMATION: mSc
PEATURE:

NAME/KEY: modified_base
LOCATION: (65)..(65)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (68)..(68)
OTHER INFORMATION: mla

SEQUENCE: 49

gucaggaugg ccgagugguc uaaggegeca gacuaaguuc uggucuucga gagagggcogu

gggtucaaau cccacuucug acacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ 1ID NO 50

LENGTH: 86

TYPE: DNA

ORGANISM: Phaseolus vulgaris
FEATURE:

NAME/KEY: modified base
LOCATION: (10)..(10)
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..(12}
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (16)..(16}
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base



Case 1:18-cv-00202-IMK Document 1-3 Filed 10/30/18 Page 229 of 241 PagelD #: 726

US 9,566,290 B2
297 298

-continued

<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: acp3u
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: m22g
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (35)..(35)
<223> OTHER INFORMATION: unidentified methylated adenosine
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (37)..(37)
<223> OTHER INFORMATION: mlg
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (39)..(39)
<223> OTHER INPORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (44)..(44)
<223> OTHER INFPORMATION: um
<220> FPEATURE:

<221> NAME/KEY: modified_ _base
<222> LOCATION: (58)..(58)
<223> OTHER INFORMATION: mSc
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (65).. (65}
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (68)..(68)
<223> OTHER INPORMATION: mla

<400> SEQUENCE: 50
gucaggaugg ccgagugguc uaaggcgeca gacuaaguuc uggucuucga aagagggcogu 60

gggtucaaau cccacuucug acacca 86

<210> SEQ ID NO 51

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Phaseolus vulgaris
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: m2g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: acA4c
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: 4
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (19)..(19)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: acp3u
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: m22g
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (33)..(33)
<223> OTHER INFORMATION: p
<220> FEATURE:
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<221>
«222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

NAME/KEY: modified base
LOCATION: (35)..(35)
OTHER INFORMATION: unidentified methylated adenosin
FEATURE:

NAME/KEY: modified base
LOCATION: (37)..(37)
OTHER INPORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (44)..(44)
OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified base
LOCATION: (51)..(51)
OTHER INFORMATION: unidentified methylated guanosine
FEATURE:

NAME/KEY: modified base
LOCATION: (54)..(54)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified_base
LOCATION: (61}..(61)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (64)..(64}
OTHER INFORMATION: mla

SEQUENCE: 51

gauaguuugg ccgagugguc uaaggegeca gauuaggcuc ugguccgaaa gggcegugggu

ucaaauccca cagcugucac ca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
«222>
<223>

SEQ ID NO 52

LENGTH: 85

TYPE: DNA

ORGANISM: Phaseolus vulgaris
FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..(12)
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified base
LOCATION: (19)..(19)
OTHER INFORMATION: 4
FEATURE:

NAME/KEY: modified_bage
LOCATION: (20)..(20)
OTHER INFORMATION: 4
FEATURE:

NAME/KEY: modified base
LOCATION: (26)..(26)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified base
LOCATION: (34)..(34)
OTHER INFORMATION: unidentified methylated adenosine
FEATURE:

NAME/KEY: modified_base
LOCATION: (36)..(36)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (38)..(38)
OTHER INFORMATION: p

FEATURE:

NAME/KEY: modified_base
LOCATION: (43)..(43)
OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified_base
LOCATION: (57)..(57)

OTHER INFORMATION: mSc
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

FEATURE:

NAME/KEY: modified_base
LOCATION: (64)..(64)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified _base
LOCATION: (67)..(67)
OTHER INFORMATION: mla

SEQUENCE: 52

gcugguuugg ccgagagguu aaggcggaag acuaagaucu ucugcaguca acugcgcaug

ggtucgaacc ccauagccag cacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO S3

LENGTH: 86

TYPE: DNA

ORGANISM: Solanum tuberosum
FEATURE:

NAME/KEY: modified base
LOCATION: (12)..(12)

OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (16} ..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_bace
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_basge
LOCATION: (21)..(21)
OTHER INFORMATION: acp3u
FEATURE:

NAME/KEY: modified_base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g

FEATURE:
NAME/KEY: modified_base
LOCATION: (35)..(35)

OTHER INPORMATION: unidentified methylated adenosine
FEATURE:

NAME/KEY: modified _base
LOCATION: (37)..(37)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (44)..(44)
OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified_base
LOCATION: (58)..(58)
OTHER INFPORMATION: mSc
FEATURE:

NAME/KEY: modified_base
LOCATION: (65)..(65)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (68} ..(68)
OTHER INFORMATION: mla

SEQUENCE: 53

gucaggaugg ccgagugguc uaaggcgeca gacuaaguuc uggucuucgu aagagggcgu

gggtucaaau cccacuucug acacca

<210>
<211>
<212>

SEQ 1ID NO 54
LENGTH: 87
TYPE: DNA

60

85

60

86
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<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

ORGANISM: Cucumis sativus
FEATURE:

NAME/KEY: modified_base
LOCATION: (10)..(10)
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified_baoe
LOCATION: (12)..(12)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified_base
LOCATION: (16)..(16)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (21)..(21)
OTHER INFORMATION: acp3u
FEATURE:

NAME/KEY: modified base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INFORMATION: unidentified methylated uridine
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (39)..(39}
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (40)..(40)
OTHER INPORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (45)..(45)
OTHER INFORMATION: um
FEATURE:

NAME/KEY: modified base
LOCATION: (59)..(S9}
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified base
LOCATION: (66)..(66)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (69)..(69)
OTHER INPORMATION: mla

SEQUENCE: 54

gucaggaugg ccgagugguc uaaggegeca gacuuaaguu cugguccucu aaggagggcyg

ugggtucaaa ucccacuucu gacacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
- <221>
<222>
<223>
<220>
<221>

SEQ ID NO 55

LENGTH: 85

TYPE: DNA

ORGANISM: Caenorhabditis elegans
FEATURE:

NAME/KEY: modified_base
LOCATION: (12}..(12)
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base

60

87
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<222> LOCATION: (35)..(35)
<223> OTHER INFORMATION: {

<400> SEQUENCE: 55
ggagagaugg ccgagegguc uaaggcgcug guuuaaggcea ccagucccuu cgggggegug

ggtucgaauc ccacucucuu cacca

<210> SEQ ID NO 56

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Mycoplasma capricolum

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: unidentified methylated uridine

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (20)..(20)

<223> OTHER INFORMATION: d

<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (23)..(23)

<223> OTHER INFORMATION: mla

<220> FPEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (35)..(35)

<223> OTHER INPORMATION: cmnmSUm (5-carboxymethylaminomethyl-2'
O-methyluridine)

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (38)..(38)

<223> OTHER INPORMATION: méa

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (40)..(40)

<223> OTHER INFORMATION: p

<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (68)..(68)

<223> OTHER INFORMATION: p

<400> SEQUENCE: 56
ccccaagugg cggaauaggu agacgcauug gacuuaaaau ¢caacgggcou uaauvauccug

ugeegguuca aguceggecu uggggacca

<210> SEQ ID NO 57

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Mycoplasma capricolum
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (23)..(23)
<223> OTHER INFORMATION: mla
<220> FPEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (35)..(35)
<223> OTHER INPORMATION: cm
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: méa
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (40)..(40)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (64)..(64)
<223> OTHER INFORMATION: p

60

85

60

89
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<400> SEQUENCE: 57
gccuuuuugg cggaauugge agacgcauua gacucaaaau cuaacgaaga aauucguauc

gguucgaauc cgauaaaggg cacca

<210> SEQ ID NO 58

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Haloferax volcanii
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: fa7d7g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: m22g
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (35)..(35)
<223> OTHER INFORMATION: moSu
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: mlg
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (58)..(58)
<223> OTHER INFORMATION: mSc¢
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (64)..(64)
<223> OTHER INFORMATION: mlp
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (65)..(65)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: cm

<400> SEQUENCE: 58
gcgeggguag ccaaguggec aaaggcegceag cgcuuaggac geuguggugu agaccuucge

agguucgaac ccuguccege gcacca

<210> SEQ ID NO 59

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Haloferax volcanii
<220> PEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: fa7d7g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: m22g
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (35)..(35)
<223> OTHER INFORMATION: moS5u
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: mlg
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (58)..(58)
<223> OTHER INFORMATION: mSc
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (64)..{64)

60

85

60

86
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<223> OTHER INFORMATION: mlp
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (65)..(65)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: cm

<400> SEQUENCE: 59
gcgggggugg cugagccagg ccaaaagcgg cggacuuaag auccgcucce guagggguuc 60

gcgaguucga aucucguccce ccgcacca 88

<210> SEQ ID NO 60

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Haloferax volcanii
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (15)..(15)
<223> OTHER INPORMATION: fa7d7g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(29)
<223> OTHER INFORMATION: m22g
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (40)..(40)
<223> OTHER INFORMATION: mlg
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (42)..(42)
<223> OTHER INFORMATION: mSc
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (60)..(60)
<223> OTHER INFORMATION: m5c
<220> PEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: mlp
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (67)..(67)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (68)..(68)
<223> OTHER INPFORMATION: cm
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(69)
<223> OTHER INFORMATION: mli

<400> SEQUENCE: 60
geguggguag ccaagccagg ccaacggege agoguugadg gogeuguccu guagagguce 60

gccgguucaa auccgguccce acgcacca 88

<210> SEQ ID NO 61

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Haloferax volcanii
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: fa7d7g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(29)
<223> OTHER INFORMATION: m22g
<220> FEATURE:

<221> NAME/KEY: modified _base
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

LOCATION: (40)..(40)
OTHER INFORMATION: mlg
PEATURE:

NAME/KEY: modified base
LOCATION: (60)..(60)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified base
LOCATION: (66)..(66)
OTHER INFORMATION: mlp
PEATURE:

NAME/KEY: modified base
LOCATION: (67)..(67)
OTHER INFORMATION: p
PEATURE:

NAME/KEY: modified_base
LOCATION: (68)..(68)
OTHER INFORMATION: cm
FPEATURE:

NAME/KEY: modified base
LOCATION: (69)..(69)
OTHER INFORMATION: mli

SEQUENCE: 61

gcagggauag ccaagucugg ccaacggcgc agcguucagg gogcougucuc auaggaguce

gcagguucaa auccugeuce cugceacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 62

LENGTH: 87

TYPE: DNA

ORGANISM: Haloferax volcanii
FEATURE:

NAME/KEY: modified_base
LOCATION: (15)..(15)

OTHER INFORMATION: fa7d7g
PEATURE:

NAME/KEY: modified base
LOCATION: (28)..(28)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (39)..(39)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified_base
LOCATION: (41)..(41)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (59)..(59)
OTHER INPORMATION: mS¢
FEATURE:

NAME/KEY: modified base
LOCATION: (65)..(65)
OTHER INFORMATION: mlp
FEATURE:

NAME/KEY: modified base
LOCATION: (66)..(66)
OTHER INFORMATION: p
PEATURE:

NAME/KEY: modified base
LOCATION: (67)..(67)
OTHER INFORMATION: cm
FEATURE:

NAME/KEY: modified_base
LOCATION: (68)..(68)
OTHER INFORMATION: mli

SEQUENCE: 62

gcgaggguag cuaagucagg aaaaagcgge ggacucaaga uccgcucccg uagggguccg

uggguucaaa ucccuccecu cgcacca

<210>

SEQ ID NO 63

60

88

60

87
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<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: {(16)..(16)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: p
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: gm
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: unidentified methylated guanoeine
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (39)..(39)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (41)..(41)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 63
gcgaaggugg cggaauuggu agacgcgeua gocuucaggug uuaguguccu uacggacgug €0

ggggtucaag uccccecccu cgcacca 87

<210> SEQ ID NO 64

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: 4
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: gm
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: 4
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: unidentified methylated guancsine
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (39)..(39)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: p

<400> SEQUENCE: 64

gccgaggugg uggaauuggu agacacgcua ccuugaggug guagugccca auagggcuua 60
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cgggtucaag ucccguccuc gguacca 87

<210> SEQ ID NO 6S

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: m2g
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: ac4c
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: 4
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: gm
<220> FEATURE:

<221> NAME/KEY: modified base
<222> LOCATION: (19)..(19)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: d
<220> FEATURE:

<221> NAME/KEY: modified_bane
<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: m22g
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (33)..(33)
<223> OTHER INFORMATION: cm
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (38)..(38)
<223> OTHER INFORMATION: mlg
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (40)..(40)
<223> OTHER INFORMATION: p
<220> PEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (59)..(59)
<223> OTHER INFORMATION: mSc
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (66)..(66)
<223> OTHER INFORMATION: p
<220> FEATURE:

<221> NAME/KEY: modified _base
<222> LOCATION: (69)..(69)
<223> OTHER INFORMATION: mla

<400> SEQUENCE: 65
ggaggguugg ccgagugguc uaaggcggca gacuuaagau cuguuggacd guuguccgceg 60

cgagtucgaa ccucgcaucc uucacca 87

<210> SEQ ID NO 66

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Torulopsis utilis
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: m2g
<220> FEATURE:

<221> NAME/KEY: modified_base
<222> LOCATION: (12}..{12)
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<223>
<220>
<221>
«222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
«222>
<223>
<220>
<221>
<222>
<223>
<220>
«221>
<222>
<223>
<220>
<221>
<«222>
<223>

<400>

OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17}
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_baoe
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (20)..(20)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified base
LOCATION: (27)..{(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (33)..(33)
OTHER INFORMATION: cm
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..{35)
OTHER INFORMATION: cm
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: mlg
PEATURE:

NAME/KEY: modified_base
LOCATION: (40)..(40)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (57)..(57)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified base
LOCATION: (64)..(64)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (67)..(67)
OTHER INFORMATION: mla

SEQUENCE: 66

ggaucuuugg <cgagcgguu uaaggegeuc gacucaagau cgaguaucgu aagaugcaug

agtucgaauc ucauaggauc cacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ 1D NO 67
LENGTH: 85
TYPE: DNA

ORGANISM: Candida cylindracea

FEATURE:

NAME/KEY: modified_base
LOCATION: (10).. (10}
OTHER INFORMATION: m2g
FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..(12}
OTHER INFORMATION: ac4c
FEATURE:

NAME/KEY: modified_base
LOCATION: (16)..(16}
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_base
LOCATION: (17)..(17)
OTHER INFORMATION: gm
FEATURE:

NAME/KEY: modified_base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE :

NAME/KEY: modified_base

60

8S
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
«220>
<221>
<222>
<223>

<400>

LOCATION: (21)..(21)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (33)..(33)
OTHER INFORMATION: cm
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INPORMATION: c¢m
FEATURE:

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INPORMATION: mlg
FPEATURE:

NAME/KEY: modified base
LOCATION: (40)..(40)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (45)..(45)
OTHER INFORMATION: um
PEATURE:

NAME/KEY: modified_base
LOCATION: (57)..(57)
OTHER INFORMATION: mSc
PEATURE:

NAME/KEY: modified_base
LOCATION: (64)..(64)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (67)..(67)
OTHER INFORMATION: mla

SEQUENCE: 67

ggeccguuugg ccgagugguc uaaggcgucu gacucaagau cagaucucgu aagaggegug

ugtucgaacc acacagcggu cacca

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
«221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

SEQ ID NO 68
LENGTH: 85
TYPE: DNA

ORGANISM: Candida cylindracea

FEATURE:

NAME/KEY: modified_base
LOCATION: (12)..(12)
OTHER INFORMATION: ac4dc
FEATURE:

NAME/KEY: modified base
LOCATION: (16)..(16)
OTHER INFORMATION: 4
FEATURE:

NAME/KEY: mcdified_base
LOCATION: (19)..(19)
OTHER INFORMATION: d
FEATURE:

NAME/KEY: modified_ base
LOCATION: (21)..(21)
OTHER INFORMATION: d
PEATURE:

NAME/KEY: modified_base
LOCATION: (27)..(27)
OTHER INFORMATION: m22g
FEATURE:

NAME/KEY: modified_base
LOCATION: (33)..(33)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (35)..(35)
OTHER INFORMATION: i
FEATURE:
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-continued

<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
«220>
<221>
<222>
<223>

NAME/KEY: modified base
LOCATION: (38)..(38)
OTHER INFORMATION: mlg
FEATURE:

NAME/KEY: modified base
LOCATION: (39)..(39)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified_base
LOCATION: (S57)..(57)
OTHER INFORMATION: mSc
FEATURE:

NAME/KEY: modified_base
LOCATION: (64)..(64)
OTHER INFORMATION: p
FEATURE:

NAME/KEY: modified base
LOCATION: (67)..(67)
OTHER INFORMATION: mla
<400>

SEQUENCE: 68

gguucucugg ccgagugguc uaaggegceau gguuaagguc caugucucuu ¢ggaggegcg

agtucgaacc ucgcgggaau cacca

60

85

What is claimed is:

1. A method of treating a human having onychomycosis
of a toenail caused by Trichophyton rubrum or Trichophyton
mentagrophytes, the method comprising:

topically administering to the toenail a pharmaceutical

composition comprising an amount of 1,3-dihydro-5-
fluoro-1-hydroxy-2,1-benzoxaborole or a pharmaceuti-
cally acceptable salt thereof, effective to inhibit an
aminoacyl tRNA synthetase in the Irichophyton
rubrum or Trichophyton mentagrophytes.

2. The method of claim 1, wherein the pharmaceutical
composition is in the form of a solution comprising 5% w/w
of 1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole or a
pharmaceutically acceptable salt thereof.

3. The method of claim 1, wherein the pharmaceutical
composition further comprises ethanol and propylene gly-
col.

4. The method of claim 1, wherein the aminoacyl tRNA
synthetase is leucyl tRNA synthetase.

S. The method of claim 4, wherein the pharmaceutical
composition is in the form of a solution comprising 5% w/w

25
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of 1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole or a
pharmaceutically acceptable salt thereof. '

6. The method of claim 5§, wherein the pharmaceutical
composition further comprises ethanol and propylene gly-
col.

7. The method of claim 1, wherein the administering of
the pharmaceutical composition occurs once a day.

8. The method of claim 6, wherein the administering of
the pharmaceutical composition occurs once a day.

9. The method of claim 1, wherein the method inhibits an
aminoacyl tRNA synthetase in Trichophyton rubrum.

10. The method of claim 1, wherein the method inhibits
an aminoacyl tRNA synthetase in Trichophyton mentagro-
phytes.

11. The method of claim 6, wherein the method inhibits
leucyl tRNA synthetase in Trichophyton rubrum.

12. The method of claim 6, wherein the method inhibits
leucyl tRNA synthetase in Trichophyton mentagrophytes.

* * * * *
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