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(57) ABSTRACT 

This invention relates to compounds useful for treating 
fungal infections, more specifically topical treatment of 
onychomycosis and/or cutaneous fungal infections. This 
invention is directed to compounds that are active against 
fungi and have properties that allow the compound, when 
placed in contact with a patient, to reach the particular part 
of the skin, nail, hair, claw or hoof infected by the fungus. 
In particular the present compounds have physiochemical 
properties that facilitate penetration of the nail plate. 
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FIGURE 1 B 
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FIGURE 1C 
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FIGURE 2A 

EXAMPLE 2A 

Fungus 
A. fumigatus ATCC 13073 
C. albicans ATCC 90028 
C. albicars F56 - 

C. glabrata ATCC 90030 
RPMI 

RPM + MOPs 
C. krusei ATCC 44507 RPM -- MOPS 30.5 64 t 
C. neoformans F285 RPM d t t 2 
C. parapsilosis ATCC 22019 RPM + MOPS a 0.5 < 0.5 t 
C. tropicalis ATCC 13803 RPM + MOPs 
E. floccosun ATCC 52066 RPM -- MOPS < 0.5 < 0.5 < 0.5 t 

RPM - MOPs < 0.5 4 64 nt 
M. furfur ATCC 44344 Urea < 0.5 2 nt 
M. pachydermatis ATCC 96746 Urea 1 < 0.530.5 nt 
M sympodialis ATCC 44031 Urea < 0.5-0.5 nt 

RPM + MoPs 2 < 0.5 
M. canis ATCC 1024 RPM + MOPs s: 0.5 30.5 nt 

RPM - MOPS 2 < 0.5 < 0.5 nt 
T. mentagrophytes F31 1 RPM + MoPs 0.5 so.5 32 

RPMI - MOPS 
5% keratin powder 2 nt 

T tonsurans ATCC 28942 RPM + MoPs 2 < 0.530.5 nt 
nt of not tested 
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FIGURE 2B 

EXAMPLE 2B 

MFC (ug/mL 

as a ga ed ex 

9 5 E Fungus Broth used Yuse u 

T nentagrophytes F31 RPM -- MOPS 6 < 0.5 4 
T. rubrum, F296 TRPM + MoPs 8 2 so.5 4 
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FIGURE 3 

Radioactivity as mg Equivalent/g Nail 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 4.38 at 2.73 0.0022 

* The data represents the mean de S.D. of each group (n = 6). 
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FIGURE 4 

Radioactivity as ng 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 0.003 - 0.0027 0.0022 

Day 9 0.3892 - 0.3714 0.0018 - O.O.030 0.0022 

Day 12 O.6775 - 0.6663 0.0014 - 0.0019 0.0022 

Day 15 0.9578 - 0.6106 0.0033 - 0.0041 0.0022 

Total 2.2405 - 17325 0.0089 00131 0.0022 

* The data represents the mean -- S.D. of each group (n is 6). 
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FIGURES 

Full thickness Human Nai 
5 x 2 i? over 5 (lays Application of . 

50:50 Ethyl acetate Propylene glycol 
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FIGURE 6 

Full thickness Human Nail 
5X 2 ul Over 5 days application of 

C10 
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FIGURE 7 

Full thickness Human Nail 
5 X 2 lover 5 days Application of 

C10 
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FIGURE 8 

FI thickness Human Nail 
5 x 2 over 5 days Application of 

PenaC 
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FIGURE 9 

Full thickness human Nait 
5 x 2 ul over 5 days Application of 

Locery 
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Figure 10(1) 
SUMMARY: 
SEQ ID NO: 1-15 amino acid sequences of leucyl-tRNA synthetase editing domain 

SEQ ID NO: 1 amino acid sequences of leucyl-tRNA synthetase editing domain from S. 
ceivisiae. 

SEQ ID NO: 2 amino acid sequences of leucyl-tRNA synthetase editing domain from S. 
cerivisiae - overexpressed version 

SEQ ID NO: 16-17 genomic sequences for tRNA-leu and tRNA-ile from S. cerivisiae. 

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

A. 
SEO ED NO: 1 
TPQEYIGVKIEALEFADDAAKIIDSSSDLDKSKKFYFWAATLRPETMYGQTCCFVSPTI 
EYGIFDAGDSYFITTERAFKNMSYQKLTPKRGFYKPIVTVPGKAFIGTKIHAPQSVYPE 
LRILPMETVATKGTGVVTCVPSNSPDDYITTKDLLHKPEYYGIKPEWIDHEIVPIMHTE 
KYGDLTAKAIVEEKKIQSPKDKNLLAEAKKIAYKEDYYTGTMIYGPYKGEKVEQAKNK 
VKADMIAAGEAFVYNEPESQDP 

SEQ ID NO: 2 
MTPQEYIGVKIEALEFADDAAKIIDSSSDLDKSKKFYFVAATLRPETMYGQTCCFVSPTI 
EYGIFDAGDSYFITTERAFKNMSYQKLTPKRGFYKPIVTVPGKAFIGTKIHAPQSVYPE 
LRILPMETVIATKGTGVVTCVPSNSPDDYITTKDLLHKPEYYGIKPEWIDHEIVPIMHTE 
KYGDLTAKAIVEEKKIQSPKDKNLLAEAKKIAYKEDYYTGTMIYGPYKGEKVEQAKNK 
VKADMIAAGEAFVYNEPESQDPQDPNSSSVDKLAAALEHHHHH 

B. 
SEQID NO:3 G- E.coli crystal structure (185 amino acids) - trNA synthetase editing domain 
EGVEITFNVNDYDNTLTVYTTRPDTFMGCTYLAVAAGHPLAQKAAENNPELAAFIDECR 
NTKVAEAEMATMEKKGWDTGFKAVHPI TGEEIPVWAANFVLMEYGTGAVMAVPGHD 
QRDYEFASKYCLNIKPVILAADGSEPDLSQQALTEKGVLFNSGEFNGLDHEAAFNAIAD 
KLTAMGWGERK 

SEQ ID NO: 4 G-- Propionibacter acnes (185 aa) - trNA synthetase editing domain 
EGAYVDFTIDGHKEPVRVFTTRPDTLYGATFMVVAPDSALAQEIVSDEARPAFETYLDE 
VKKKSEIERQATDHEKTGVPLGVEATNPVNGAKVPVWAGDYVLADYGTGAVMAVPA 
HDQRDLDFARTYGIDVIPVIDTGEADPRESGVATTGDGVYQNSGFLNGIATKAEAIAKM 
CEFLDEKGGE 
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FIGURE 11B 
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FIGURE 11 C 
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FIGURE 11D 

OH OH 

F d d 
N N 
O O 

(Me)3Si 

F F 

pH 
OH B 

t O 
N OH 
O 

e O 

pH s pH 
ON B B 

Yo Yo 
OMe OH 

O . 9 

O OH 
f f 
B ON B 

Yo Yo 
ONO2 

pH pH 
O2N B ON B 

Yo Yo 
OH OMe 



Patent Application Publication Mar. 9, 2017. Sheet 26 of 63 US 2017/0066787 A1 

FGURE 11E 
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FIGURE 11 F 
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FGURE 12A 

CC- C l t C 

C CH3 ; 



Patent Application Publication Mar. 9, 2017 Sheet 29 of 63 

FIGURE 12B 
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FIGURE 12C 
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FIGURE 12D 



Patent Application Publication Mar. 9, 2017. Sheet 32 of 63 US 2017/0066787 A1 

FIGURE 12E 
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FIGURE 12F 

N { s WeO C-C, -1. 
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FIGURE 12G 
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FIGURE 12H 
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FIGURE 12 
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FIGURE 19C 
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FIGURE 190 

No. R9a R10a R1a R 2a 
114 -OMe H H -OMe 
115 H -OMe -OMe -OMe. 

116 -OMe H -OMe -OMe 

117 -OMe -OMe. H -OMe 
18 -OMe -OMe -OMe H 

19 -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 II -4-cyanophenoxy 

124 -4-cyanophenoxy -4-cyanophenoxy H H 

25 H -4-cyanophenoxy -4-cyanophenoxy H 
26 H H -4-cyanophenoxy -4-cyanophenoxy 
127 -4-cyanophenoxy H -4-cyanophenoxy H 
128 H -4-cyanophenoxy H -4-cyanophenoxy 
129 -4-cyanophenoxy 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 
40 H -3-cyanophenoxy -3-cyanophenoxy H 
14 H H -3-cyanophenoxy -3-cyanophenoxy 

42 -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 I -2-cyanophenoxy H H 
52 H H -2-cyanophenoxy H 
153 H H H -2-cyanophenoxy 
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FIGURE 19E 
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FIGURE 19F 

No. R9a R10a R11a R12a 
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 
2O 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 
2O5 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 
2 H -phenoxy H H 

22 H H -phenoxy H 

213 H H H -phenoxy 

214 -phenoxy -phenoxy H H 
25 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 
226 H -4-cyanophenylthio H H 

227 H H -4-cyanophenylthio H 

228 H H H 4-cyanophenylthio 

229 -4-cyanophenylthio -4-cyanophenylthio 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-cyanophenylthio H H -4-cyanophenylthio 
235 H -4-cyanophenylthio -4-cyanophenylthio -4-cyanophenylthio 
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FIGURE 19C 
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FIGURE 194 
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FIGURE 20E 

R10a 
-NHCHPh 

Sheet 60 of 63 

H 

-CH2OH 

H 

US 2017/0066787 A1 

R 

H 

-CHOH 



Patent Application Publication 

N, 

196 

197 

198 

199 

200 

201 
202 

203 

204 
20S 

206 
2O7 

208 
209 

210 

211 

212 

213 

24 

25 

26 

217 

218 
29 
220 

221 

222 
223 
224 

225 

226 
227 

228 

229 
230 

231 

232 

233 
234 

235 

236 

237 

R9a 
-CHOH 
-CH-OH 
-CH2OH 
-CH2OH 

FIGURE 20F 

R10a 
H 
Cl 

H 

H 

-CH2OH 
-CH2OH 
-CH2OH 
-CH2OH. 
-CHOH 
-CHOH 

-CH-OH 
-CHOH 
-CHOH 
-NH2 

Mar. 9, 2017. Sheet 61 of 63 

-CHOH 
-CHOH 
-CH2OH 
-CH2OH 
-CH2OH 
-CHOH 

-NH 
-NH. 

US 2017/0066787 A1 







US 2017/0066787 A1 

BORON-CONTAINING SMALL MOLECULES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application 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. 
14/201459, 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 Dec. 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 purposes. U.S. patent 
application Ser. No. 1 1/505,591 is also a continuation-in 
part of U.S. patent application Ser. No. 1 1/357.687, 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 incorpo 
rated by reference in their entirety for all purposes. U.S. 
patent application Ser. No. 14/537,771 is also a continua 
tion-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. 1 1/357, 
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 

0002 Infections of the nail and hoof, known as ungual 
and/or periungual infections, pose serious problems in der 
matology. 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. 
0003 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 ter 
binafine typically requires administration of 200 to 400 
mg/day for 12 weeks before any significant therapeutic 
benefit is realized. Such long term, high dose systemic 
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therapy can have significant adverse effects. For example, 
terbinafine has been reported to have liver toxicity effects 
and reduces testosterone levels in blood due to adverse 
effects on the testes. Patient compliance is a problem with 
Such long term therapies 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 associated with parenteral treatments 
generate significant disincentive against their use and con 
siderable patient non-compliance. 
0004 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 undesir 
able cosmetic appearance of the nail or nail bed represent 
significant problems, particularly for patients more sensitive 
to physical appearance. Generally, this type of treatment is 
not realistic for ruminants such as horses. 
0005 Topical therapy has significant problems too. Topi 
cal 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. 
0006 Hydrophilic and hydrophobic film forming topical 
antifungal 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. 
0007 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 nails 
proteinaceous nature. The total lipid content of mature nail 
is 0.1-1.0%, while the stratum corneum lipid is about 10% 
wfw. 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. 
0008 Compounds known as penetration or permeation 
enhancers are well known in the art to produce an increase 
in the permeability of skin or other body membranes to a 
pharmacologically 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 imper 
meability of pharmaceutical agents through the skin. How 
ever, 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 pen 
etration enhancers have not proven to be useful in facilitat 
ing drug migration through the nail tissue. 
0009 Antimicrobial compositions for controlling bacte 
rial and fungal infections comprising a metal chelate of 
8-hydroxyquinoline and an alkylbenzene 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 
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through the cornified layer or stratum corneum of the skin. 
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. 
0010. 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 needs are 
addressed by the current invention. 
0011 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 organ 
isms 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'-hydroxyl of the terminal adenosine of 
tRNA 

Amino acid (AA)+ATP->AA-AMP+PPi; 

AA-AMP-iRNA-siRNA-AA-AMP 

0012. The family of 20 ARS fall into two distinct struc 
tural classes as determined by their crystal structure. Class 
I, which have a Rossman like fold, include 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 
II 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 

Mar. 9, 2017 

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 
CP1-like domain in class II 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. 
0013. In spite of significant homologies between human, 
bacterial 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 isoleucyl-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. Like 
wise, reveromycin A inhibits the eukaryotic isoleucyl-tRNA 
synthetases: Saccharomyces cerevisiae resistance mutants 
have mutations in the synthetic domain. So far all attempts 
to develop better ARS inhibitors than mupirocin, an isoleu 
cine-adenylate analogue, have relied on inhibiting the Syn 
thetic reactions. 

0014 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 prom 
ising 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 antimicrobial therapeutics to aug 
ment the arsenal of agents currently in use. Quite Surpris 
ingly, the present invention provides such compounds and 
methods of using these compounds. 

SUMMARY OF THE INVENTION 

0015. In one aspect, the invention provides a structure 
according to the following formula: 

s 
G B 

i? DC YOR2 
D nafn 

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 



US 2017/0066787 A1 

which they are attached, can be optionally joined to form a 
4- to 7-membered ring. Z1 is a member selected from 

R and 
CHO 

R" 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'' 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 

0016 FIG. 1A, FIG. 1B, FIG. 1C are a table of minimum 
inhibitory concentration (MIC) data of cyclic boronic esters 
against Various fungi. 
0017 FIG. 2A displays minimum inhibitory concentra 
tion (MIC) for C10, ciclopirox, terbinafine, fluconazole and 
itraconazole (comparator drugs) against 19 test strains of 
fungi. 
0018 FIG. 2B displays minimum fungicidal concentra 
tion (MFC) for C10, ciclopirox, terbinafine and itraconazole 
(comparator drugs) against 2 test strains of fungi. 
0019 FIG. 3 displays a comparison of Normalized C10 
and Ciclopirox Equivalent in Each Part of Nail Plate 
Samples after 14-day Treatment. 
0020 FIG. 4 displays a comparison of C10 and 
Ciclopirox Equivalent in Cotton Ball Supporting Bed 
Samples after 14-day Treatment. 
0021 FIG. 5 displays the results of a placebo for C10 
(50:50 propylene glycol and ethyl acetate) applied per day 
over five days. Full carpet growth of the organism T rubrum 
was observed. 
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(0022 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 measurement of Zone of inhibition. 

I0023 FIG. 7 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 74%, 86%, 100%, 82%, 100% and 84% were 
observed for the growth of T. rubrum. 
(0024 FIG. 8 displays the results of a 40 uL/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. 
(0025 FIG. 9 displays the results of a 40 uL/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 T. rubrum. 
0026 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) 
are Amino acid sequences for leucyl-tRNA synthetase edit 
ing 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. 
0027 FIG. 11A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 
11E, FIG. 11F display structures of cyclic boronic esters. 
0028 FIG. 12A, FIG. 12B, FIG. 12C, FIG. 12D, FIG. 
12E, FIG. 12F, FIG. 12G, FIG. 12H, FIG. 12I display 
different structures for portions of the compounds of the 
invention. 

(0029 FIG. 13 Effect of ATP on binding of C10 to cdc60. 
The binding assay was conducted with an initial C10 
concentration of approximately 72-79 uM (pre-equilibrium). 
0030 FIG. 14 Binding curve of cdc00 against concen 
tration of free C10. 
0031 FIG. 15 Data from PPi exchange reaction experi 
ment to determine rate of editing in the presence and absence 
of C10. 

0032 FIG. 16 Data from an aminoacylation experiment 
showing the effect of C10 at different concentrations on the 
aminoacylation of tRNA'. 
0033 FIG. 17 Results from post transfer editing assay 
conducted in S. cerevisiae at differing concentrations of C10 
across a range of time points. 
0034 FIG. 18A, FIG. 18B, FIG. 18C display the names 
of exemplary compounds of the invention. 
0035 FIG. 19A, FIG. 19B, FIG. 19C, FIG. 19D, FIG. 
19E, FIG. 19F, FIG. 19G, FIG. 19H, FIG. 19I, FIG. 19J, 
FIG. 19K display exemplary compounds of the invention. 
0036 FIG. 20A, FIG. 20B, FIG. 20O, FIG. 2.0D, FIG. 
20E, FIG. 20F, FIG. 20G, FIG. 20H display exemplary 
compounds of the invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

I. Definitions and Abbreviations 

0037. The abbreviations used herein generally have their 
conventional meaning within the chemical and biological 
artS. 

0038 “Compound of the invention,” as used herein refers 
to the compounds discussed herein, pharmaceutically 
acceptable salts and prodrugs of these compounds. 
0039 “Boron containing compounds', as used herein, 
refers to the compounds of the invention that contain boron 
as part of their chemical formula. 
0040 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. 
0041. Where substituent groups are specified by their 
conventional chemical formulae, written from left to right, 
they equally encompass the chemically identical Substitu 
ents, which would result from writing the structure from 
right to left, e.g., —CH2O— is intended to also recite 
—OCH . 
0042. The term “poly’ as used herein means at least 2. 
For example, a polyvalent metal ion is a metal ion having a 
Valency of at least 2. 
0043 “Moiety” refers to the radical of a molecule that is 
attached to another moiety. 
0044) The symbol rv, 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 molecule. 
0045. The term “alkyl,” by itself or as part of another 
Substituent, means, unless otherwise stated, a straight or 
branched chain, or cyclic hydrocarbon radical, or combina 
tion thereof, which may be fully saturated, mono- or poly 
unsaturated and can include di- and multivalent radicals, 
having the number of carbon atoms designated (i.e. C-Co 
means one to ten carbons). Examples of Saturated hydro 
carbon radicals include, but are not limited to, groups such 
as methyl, ethyl, n-propyl, isopropyl. n-butyl, t-butyl, isobu 
tyl, Sec-butyl, cyclohexyl, (cyclohexyl)methyl, cyclopropy 
lmethyl, 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-(butadienyl), 2.4-pentadienyl, 3-(1,4-pentadienyl), ethy 
nyl, 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'. 
0046. 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 —CH2CH2CHCH . 
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. 
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0047. 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. 
0048. 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 least 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 heteroalkyl 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. —CH2—CH2— 

—CH=CH N(CH)—CH. Up to two heteroatoms may 
be consecutive, such as, for example, —CH2 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, —CH2— 
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(O) R' and —RC(O) . 
0049. The terms “cycloalkyl and “heterocycloalkyl, by 
themselves or in combination with other terms, represent, 
unless otherwise stated, cyclic versions of “alkyl and 
"heteroalkyl, respectively. Additionally, for heterocy 
cloalkyl, 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. 
0050. 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. 
0051. The term “aryl' means, unless otherwise stated, a 
polyunsaturated, 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 “het 
eroaryl” refers to aryl groups (or rings) that contain from one 
to four heteroatoms. In an exemplary embodiment, the 
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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-OX 
azolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 
4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiaz 
olyl 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 
3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothi 
azolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 
5-isoquinolyl 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, 
6-quinolyl, dioxaborolane, dioxaborinane and dioxabore 
pane. Substituents for each of the above noted aryl and 
heteroaryl ring systems are selected from the group of 
acceptable substituents described below. 
0052 For brevity, the term “aryl” when used in combi 
nation 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 (e.g., 
benzyl, phenethyl, pyridylmethyl and the like) including 
those alkyl groups in which a carbon atom (e.g., a methylene 
group) has been replaced by, for example, an oxygen atom 
(e.g., phenoxymethyl 2-pyridyloxymethyl, 3-(1-naphth 
yloxy)propyl, and the like). 
0053. Each of the above terms (e.g., “alkyl,” “het 
eroalkyl,” “aryland "heteroaryl') are meant to include both 
substituted and unsubstituted forms of the indicated radical. 
Preferred substituents for each type of radical are provided 
below. 

0054 Substituents for the alkyl and heteroalkyl radicals 
(including those groups often referred to as alkylene, alk 
enyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, 
heterocycloalkyl, 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", =O, —NR", =N OR', 
—NR'R", SR', -halogen, OC(O)R', C(O)R', 
COR, CONR'R", OC(O)NR'R", NR"C(O)R', 
NR C(O)NR"R", NR"C(O),R, NR C 

(NR'R"R") NR", NR C(NR'R")—NR", S(O)R', 
—S(O), R', -S(O)NR'R", NRSOR', CN and - NO, 
in a number ranging from Zero to (2m'+1), where m' is the 
total number of carbonatoms 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 
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and —CH2CF) and acyl (e.g., —C(O)CH, —C(O)CF, 
—C(O)CHOCH, and the like). 
0055 Similar to the substituents described for the alkyl 
radical, Substituents for the aryl and heteroaryl groups are 
generically referred to as “aryl group substituents.” The 
Substituents are selected from, for example: halogen, —OR', 
—O, —NR', —N OR', NR'R", SR', -halogen, OC 
(O)R', C(O)R, COR, CONR'R", OC(O)NR'R", 

NR"C(O)R', NR C(O)NR"R", NR" C(O).R', 
NR C(NR'R"R") NR", NR C(NR'R")—NR", 
S(O)R', S(O).R', S(O)NR'R", NRSOR', 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. 
0056. 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 0 to 
3. Alternatively, two of the substituents on adjacent atoms of 
the aryl or heteroaryl ring may optionally be replaced with 
a substituent of the formula-A-(CH), B , wherein A and 
B are independently —CRR' —O— —NR— —S 
—S(O)— —S(O) , —S(O)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 adja 
cent 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 0 to 3, and X is —O— —NR' —S —S(O)—, 
—S(O) , or—S(O)NR' . The substituents R. R', R" and 
R" are preferably independently selected from hydrogen or 
substituted or unsubstituted (C-C)alkyl. 
0057. “Ring” as used herein, means a substituted or 
unsubstituted cycloalkyl, substituted or unsubstituted het 
erocycloalkyl, substituted or unsubstituted aryl, or substi 
tuted 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. 

0.058 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). 
0059. The symbol “R” is a general abbreviation that 
represents a Substituent group that is selected from Substi 
tuted or unsubstituted alkyl, substituted or unsubstituted 
heteroalkyl, substituted or unsubstituted aryl, substituted or 
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unsubstituted heteroaryl, substituted or unsubstituted 
cycloalkyl and substituted or unsubstituted heterocycloalkyl 
groups. 
0060. The term "derived from includes its plain lan 
guage 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. 
0061 The term “immunological marker' includes oligo 
nucleotides, 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. 
0062. 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. 
0063. 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. 
0064 “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. 
0065 “Cosmetically effective” refers to a material that, 
when applied to the skin, nail, hair, claw or hoof, produces 
a desired cosmetic result locally at the place of application 
of an active ingredient in the material. 
0066. 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 com 
pounds described herein. When compounds of the present 
invention contain relatively acidic functionalities, base addi 
tion 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 
magnesium 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 
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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. 
0067. The neutral forms of the compounds are preferably 
regenerated 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. 
0068. 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. Addition 
ally, prodrugs can be converted to the compounds of the 
present invention by chemical or biochemical methods in an 
ex vivo environment. 
0069 Certain compounds of the present invention can 
exist in unsolvated forms as well as Solvated forms, includ 
ing 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 amor 
phous 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. 
0070 Certain compounds of the present invention pos 
sess asymmetric carbon atoms (optical centers) or double 
bonds; the racemates, diastereomers, geometric isomers and 
individual isomers are encompassed within the scope of the 
present invention. 
0071. The compounds of the present invention may also 
contain unnatural proportions of atomic isotopes at one or 
more of the atoms that constitute Such compounds. For 
example, the compounds may be radiolabeled with radio 
active isotopes, such as for example tritium (H), iodine-125 
(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. 
0072 The term “pharmaceutically acceptable carrier' or 
“pharmaceutically acceptable vehicle' refers to any formu 
lation or carrier medium that provides the appropriate deliv 
ery 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 enhanc 
ers, and the like. Their formulation is well known to those 
in the art of cosmetics and topical pharmaceuticals. Addi 
tional information concerning carriers can be found in 
Remington. The Science and Practice of Pharmacy, 21st 
Ed., Lippincott, Williams & Wilkins (2005) which is incor 
porated herein by reference. 
0073. “Pharmaceutically acceptable topical carrier and 
equivalent terms refer to pharmaceutically acceptable car 
riers, as described herein above, suitable for topical appli 
cation. An inactive liquid or cream vehicle capable of 
Suspending or dissolving the active agent(s), and having the 
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properties of being nontoxic and non-inflammatory when 
applied to the skin, nail, hair, claw or hoof is an example of 
a pharmaceutically-acceptable topical carrier. This term is 
specifically intended to encompass carrier materials 
approved for use in topical cosmetics as well. 
0074 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 effec 
tiveness of the biological activity of the active agent, and 
that is sufficiently non-toxic to the host or patient. Additives 
for topical formulations 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 epi 
thelial 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, stabiliz 
ers, Surfactant, emollients, coloring agents, preservatives, 
buffering agents, other permeation enhancers, and other 
conventional components of topical or transdermal delivery 
formulations as are known in the art. 
0075. The terms "enhancement,” “penetration enhance 
ment’ 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. 
0076. The term "excipients” is conventionally known to 
mean carriers, diluents and/or vehicles used in formulating 
drug compositions effective for the desired use. 
0077. 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 administra 
tion 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. 
0078. The term “transdermal delivery” refers to the dif 
fusion 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 corneum acts as a 
barrier and few pharmaceutical agents are able to penetrate 
intact skin. In contrast, the epidermis and dermis are per 
meable to many solutes and absorption of drugs therefore 
occurs more readily through skin, nail, hair, claw or hoof 
that is abraded or otherwise stripped of the stratum corneum 
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 

Mar. 9, 2017 

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 pharmaceuti 
cally acceptable vehicle before application to the skin, nail, 
hair, claw or hoof. Passive topical administration may con 
sist 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. 
(0079. The term “microbial infection” refers to any infec 
tion of a host tissue by an infectious agent including, but not 
limited to, viruses, bacteria, mycobacteria, fungus and para 
sites (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). 
0080 “Biological medium, as used herein refers to both 
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. 
I0081) “Inhibiting and “blocking,” are used interchange 
ably herein to refer to the partial or full blockade of an 
editing domain of a tRNA synthetase. 
0082 “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). 
0083) “Ventral/intermediate center as used herein refers 
to the immediate area of dosed site. 
0084) “Remainder nail” as used herein refers to the 
remaining part of the nail that has not been dosed. 
I0085 “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. 
I0086. “Surfacing washing as used herein refers to etha 
nol (or other organic solvents) and Soap/water washing on 
the surface of the dosed site. 
I0087 “Cell washing” as used herein, refers to ethanol (or 
other organic solvents) and Soap/water wash of the inside of 
the diffusion cell. 
0088 A “human nail unit', as defined herein, can be the 
nail plate, the nail bed, proximal nail fold, lateral nail fold 
and combinations thereof. 
I0089. 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. 
0090 The term “amino-protecting group” means a pro 
tecting 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 
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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. 

0091 
tecting group Suitable for preventing undesired reactions at 

The term "hydroxy-protecting group” means a pro 

a hydroxy group. Representative hydroxy-protecting groups 
include, but are not limited to, alkyl 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. 

0092 Boron is able to form dative bonds with oxygen, 
Sulfur or nitrogen under Some circumstances in this inven 
tion. Dative bonds are usually weaker than covalent bonds. 
In situations where a boron is covalently bonded to at least 
one oxygen, Sulfur or nitrogen, and is at the same time 
datively bonded to an oxygen, Sulfur or nitrogen, respec 
tively, 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 uncer 
tainty Surrounding 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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0093 “Salt counterion', as used herein, refers to posi 
tively 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.O. ammonium, potassium, calcium, magnesium and 
Sodium. 
0094. 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.O", calcium, sodium, 
ammonium, potassium. The salts of these compounds are 
implicitly contained in descriptions of these compounds. 
0.095 The present invention also encompasses com 
pounds 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: 
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0096. The present invention also encompasses com 
pounds that are anhydrides of the cyclic boronic esters are 

F synthesized by Subjecting these compounds to dehydrating 
conditions. Examples of these anhydrides are provided 
below: 
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In another example, dimers of C17 can form under the R 
following conditions: O 

O 

O 

O 
NC B 

OH Yo CN. 
NC / 

B HO O O 
N 

0097 Trimers of the compounds of the invention are also 
produced. For example, trimers of acyclic boronic esters can 
be formed as follows: 
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-continued 
CN 

O 
OH 

NC Y 
Yo HO 

O O HO o1"No, "on 

0098 Polymers of the compounds of the invention are 
also produced through the removal of certain protecting 
groups in strong acid. For example, trimers of acyclic 
boronic esters can be formed as follows: 

OH 
W 
B H2O 
N -e- 
O 

F 

F 

B OH 
No 

HO O i? OH 
NB1 OH B1, OH 

F F 

OH 

H2O 
--- 

n B1 OH n B1 OH 

Ol C Cl N CN. 

-continued 

CN 

O 

B OH 
No 

HO O 
NB1, OH S-OH 

B OH 

O 

Ol O CN Ol CN 
0099. 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 
species can be assembled from a single species or more than 
one species of the invention. For example, a dimeric con 
struct 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 
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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 species of the invention. 
0100 Moreover, the present invention includes the use of 
compounds within the motif set forth in the formulae 
contained herein, which are functionalized to afford com 
pounds having 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 hydroxyl group with a diol, or an amine with a quaternary 
amine, hydroxy amine or similar more water-soluble moiety. 
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. 

II. Introduction 

0101 The present invention provides novel boron com 
pounds 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. 

III. The Compounds 

III. a) Cyclic Boronic Esters 
0102. In a first aspect, the invention provides a compound 
having a structure according to Formula I: 

(I) 
R1a 

G B 

CC D W NaN1 

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 
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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 
(CRR), and CR. R. R', and R are members 
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 n1 is an 
integer selected from 0 to 2. W is a member selected from 
C=O (carbonyl), (CRR7), and CR. R. R7, 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 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 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*, 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 R. R* and R 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. 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. 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. 
0103) In an exemplary embodiment, the compound has a 
structure according to Formula (Ia): 

(Ia) 
R12a -R". 

f Ra B 

Y 
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I0104. In another exemplary embodiment, each R" and 
R" is a member independently selected from H. cyano, 
substituted or unsubstituted methyl, substituted or unsubsti 
tuted ethyl, trifluoromethyl, substituted or unsubstituted 
hydroxymethyl, substituted or unsubstituted hydroxyalkyl, 
substituted or unsubstituted benzyl, substituted or unsubsti 
tuted phenyl, substituted or unsubstituted mercaptomethyl, 
substituted or unsubstituted mercaptoalkyl, substituted or 
unsubstituted aminomethyl, substituted or unsubstituted 
alkylaminomethyl, substituted or unsubstituted dialkylam 
inomethyl, substituted 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 unsubsti 
tuted hydroxymethyl, substituted or unsubstituted hydroxy 
alkyl, substituted or unsubstituted benzyl, substituted or 
unsubstituted phenyl, Substituted or unsubstituted mercap 
tomethyl, substituted or unsubstituted mercaptoalkyl, sub 
stituted or unsubstituted aminomethyl, substituted or unsub 
stituted alkylaminomethyl, substituted or unsubstituted 
dialkylaminomethyl, Substituted or unsubstituted arylamin 
omethyl, substituted or unsubstituted indolyl, substituted or 
unsubstituted amido. 

0105. In another exemplary embodiment, each R and 
R" is a member selected from H, substituted or unsubsti 
tuted methyl, substituted or unsubstituted ethyl, substituted 
or unsubstituted propyl, Substituted or unsubstituted isopro 
pyl, substituted or unsubstituted butyl, substituted or unsub 
stituted t-butyl, substituted or unsubstituted phenyl and 
substituted or unsubstituted benzyl. In another exemplary 
embodiment, Rand 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. 
0106. In another exemplary embodiment, each R', R', 
R'' 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**, halo 
gen, cyano, nitro, Substituted or unsubstituted methoxy, 
substituted or unsubstituted methyl, substituted or unsubsti 
tuted ethoxy, substituted or unsubstituted ethyl, trifluorom 
ethyl, substituted or unsubstituted hydroxymethyl, substi 
tuted 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 phenyl methylthio. 
substituted or unsubstituted pyridinylthio, 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 
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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 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**. 
0107. 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, 
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-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, 5-methoxy-3- 
(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- 
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, 
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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)), 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- 
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, and 4-fluorobenzyloxy. 
0112. 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. 
0113. In another exemplary embodiment, there is a pro 
Viso that the compound cannot have a structure according to 
Formula (IX): 

(Ix) 
o-R" 

l I 
R B 

N 
O 

R10b 
R7b H 

wherein R’ 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, 

Mar. 9, 2017 

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; R7 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. 

0114. In another exemplary embodiment, there is a pro 
Viso that the compound cannot have a structure according to 
Formula (Iy) 

(Iy) 
o-R" 
I 
N 
O 

wherein R' is a member selected from H, halogen, CN and 
Substituted or unsubstituted C alkyl. 
0.115. In another exemplary embodiment, there is a pro 
viso that a structure does not have the which is a member 
selected from Formulae (I) to (Io) at least one member 
selected from R, R, R, R, R7, R, R, RO, R'' 
and R'' is nitro, cyano or halogen. In another exemplary 
embodiment, there is a proviso that when M is oxygen, W 
is a member selected from (CRR), wherein n1 is 0, J 
is a member selected from (CR'R''), wherein m1 is 1, A 
is CR, D is CR, E is CR'', G is CR'', the R is not 
halogen, methyl, ethyl, or optionally joined with R' to 
form a phenyl ring; R" is not unsubstituted phenoxy, 
C(CH), halogen, CF, methoxy, ethoxy, or optionally 
joined with R" to form a phenyl ring: R' is not halogen or 
optionally joined with R' to form a phenyl ring; and R' 
is not halogen. In another exemplary embodiment, there is a 
proviso that when M is oxygen, W is a member selected 
from (CR'R''), wherein n1 is 0, J is a member selected 
from (CR'R''), wherein m1 is 1, A is CR, D is CR', 
E is CR'', G1 is CR'', then neither R nor R7 are 
halophenyl. In another exemplary embodiment, there is a 
proviso that when M is oxygen, W is a member selected 
from (CR'R''), wherein n1 is 0, J is a member selected 
from (CR'R''), wherein m1 is 1, A is CR, D is CR', 
E is CR, G is CR'?", and R, R and R'' are H, then 
R. R'' and R'' are not H. In another exemplary embodi 
ment, there is a proviso that when M is oxygen wherein n1 
is 1, J is a member selected from (CR'R''), wherein ml 
is 0, A is CR, D is CR9, E is CR, G is CR, R is 
H, R is H, R'' is H, R is H, R7 is H, R''' is H, then 
W is not C=O (carbonyl). In another exemplary embodi 
ment, there is a proviso that when M is oxygen, W is CR, 
J is CR, A is CR, D is CR10, E is CR, G is CR2, 
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R, R7, R, R0, R'' and R2 are H, then R and R, 
together with the atoms to which they are attached, do not 
form a phenyl ring. 
0116. In an exemplary embodiment, the compound of the 
invention has a structure which is a member selected from: 

(Iab) 

(R8) pi g 

Ra CC) ls 
(Iac) 

OH 

-><ral R N Yo, 

A4 
(R8), 

OH (Iad) 

Rd1 ><s 
CDC). A-4 

(R8), 
OH (Ia) 

''><r l d ? N , an 
(Rs.1 O 

g 2 

OH (Iaf) 

HO 
<n-R 

(R8) 1. O, 
g 21 

in which q is a number between 0 and 1. R is halogen. R. 
R. R. R. and a R are members independently selected 
from a member 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 an exemplary embodi 
ment, there is a proviso that the compound is not a member 
selected from 

F Me 
OH, OH, 
/ / 
B B 
N N 
O O 

OH: 
M 
B 
N 

O O 
N 
B 

A 
HO 
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-continued 
OH OH 

HN l ON 
O O 

0117. In an exemplary embodiment, the compound has a 
structure is a member selected from: 

(Iag) 

(R8) pi g 

R Xs-R 
lu O, O 21 

(Iah) 
OH 

N 
Rc1 N R 

O, 
2 

(R8), 
(Iai) 

OH 

S 
Rd1 N R 

O 

A4 
(R8), 

(Ia) 
OH 

Ré-O 

N d N an 
(Rs.1 O 21 

(Iak) 
HO-CH OH 

N R 
(Rs.1 O 

g 2 

10118. In an exemplary embodiment, R, R and R are 
each members independently selected from: 
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-continued -continued 

S 

N O I0120. In another exemplary embodiment, R is Hand R' 
S is a member selected from H. methyl, 

e 

O 

H-N h N l O> s y H 

O I0119. In an exemplary embodiment, RandR are mem 
bers independently selected from H. methyl, Ol Oly 

3. Me 
V ; and M \ 

"Ca sy, O O O 
O O 

O 

In another exemplary embodiment, Rand Rare, together 
with the nitrogen to which they are attached, optionally 
joined to form a member selected from 

21 

s N 

r Cy 
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-continued -continued 

I0121. In an exemplary embodiment, R is a member S 
O selected from 

S 
N 

N 

EtO HO 

NC1Nus O 
s 

y s 

s r and 
N O 

MeO C 
N 

S N 

N s ry 
MeO O 

NC 
Nus I0122) In an exemplary embodiment, R is a member 

s selected from 

N s 

MeO 

S F 

s 

N 

C C 

Nus 

cy 
e 

| " NC 

s 

N I0123. In an exemplary embodiment, R is a member 
C selected from 

S N 

O- M NN s N 
; and Y. 

s H s N 

C 

H-N O 

OY 
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-continued 
NC 

0124. In an exemplary embodiment, the compound is a 
member selected from 

pi 
B 
M 
O, 

EO 

r O 
O 

pi 
B 
N 
O; 

HO 

r O 
O 

OH 
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-continued 

OH 

ON l 
N OH 
O; OH: 

Y F N 
O 

Br 

H H OH: 
N N / 
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-continued 
CN 

OH: 
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s OH 
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T N 
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B 
N 
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-continued 

S 

N B 
C N 

O; 

Cl 
O OH N l 

M 
O; 

pi 
S 

O e a R 
OH: Cl GE) O; 

N 
B H1 N 
O 

pi 
S B 21 N 

O; 
N-N 

OH: 

22 
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-continued 
OH: 
/ 
R O 

4. O 
2N. % 
OESEO 

pH: 
S B 

N 
O 

FC 
O 

F. C 

S B S. 

NC 

0.125. In an exemplary embodiment, the compound has a 
structure which is described in FIG. 19. In an exemplary 
embodiment, the compound has a structure which is 
described in FIG. 20. 

I0126. In an exemplary embodiment, the compound has a 
structure 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 
carboxymethoxy. 

I0127. In an exemplary embodiment, the compound has a 
structure which is a member selected from Formulae (If)- 
(Ik), wherein either R' or R' for Formula (If), either R' 
or R' for Formula (Ig), either R' or R' for Formula (Ih), 
either R' or R' for Formula (Ii), either R' or R' for 
Formula (I), either R''' or R' for Formula (Ik) is halogen, 
and the other substituent in the pairing (ex. if R is F in 
Formula (If), then R' is selected from the following 
substituent listing), is a member selected from NH, N(CH) 
H, and N(CH). 
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0128. In another exemplary embodiment, the compound 
has a structure which is a member selected from: 

R* H o-R" 
N I 

O 

F 
H 

H H 

R* H o-R" 
N I 

O 

C 
H 

H H 

R* H O- R1a, 

N I 

O 

Br 
H 

H H 

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-R". 
HN l 

N 
O 

F 
H 

H H 

H o-R", 
(H3C)HN l 

N 
O 

F 
H 

H H 

H o-R", 
(H3C)N l 

N 
O 

F 
H 

H H 
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-continued 
H O- R1a, 

HN ! 
N 
O 

C 
H 

H H 

H o-R". 
(H3C)HN l 

M 
O 

C 
H 

H H 

H O- R1a, 

(H3C)N d 
N 
O 

C 
H 

H H 

H O- R1a, 

HN l 
M 
O 

B 
r H 

H H 

H O- R1a 

(H3C)HN l 
O and 

B 
r H 

H H 

H O- R1a, 

(H3C)N d 
N 
O 

Br 
H 

H H 

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

I0129. In another exemplary embodiment, the compound 
has a structure which is a member selected from: 

(Iak) 
HO-CH2 O 

N B M -C) 
wherein q is 1 and R is a member selected from fluoro, 
chloro and bromo. 
0.130. In another exemplary embodiment, the compounds 
and embodiments described above in Formulae (I)-(Io) can 
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form a hydrate with water, a Solvate with an alcohol (e.g. 
methanol, ethanol, propanol); an adduct with an amino 
compound (e.g. ammonia, methylamine, ethylamine); an 
adduct with an acid (e.g. formic acid, acetic acid); com 
plexes with ethanolamine, quinoline, amino acids, and the 
like. 
0131. In another exemplary embodiment, the compound 
has a structure according to Formula (Ip): 

(Ip) 

2 

C sy Dl 2 W1 
YA 11 

in which R'' is a member selected from substituted or 
unsubstituted C-C alkyl and substituted or unsubstituted 
C-Cs 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. 
0.132. In another exemplary embodiment, the compound 
has a structure according to Formula (Iq): 

wherein B is boron. R™ is a member selected from substi 
tuted or unsubstituted C-C alkyl and substituted or unsub 
stituted C-Cs 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 R. R*, 
RS, R, R7, R, R, R0, R'' and R2 is a member 
selected from nitro, cyano and halogen. 
0133. In another exemplary embodiment, the compound 
has a structure which is a member selected from the fol 
lowing Formulae: 

(Ir) 

24 
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-continued 
(Is) 

(It) 

(Iu) 

(Iv) 

(Iw) 

and 

(IZ) 

In another exemplary embodiment, the compound has a 
formula according to Formulae (Ib)-(Ie) wherein at least one 
member selected from R, R, R, R, R7, R, R, 
R', R'' and R''' 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 
O-R2 O-R2 NC 

it - - - - 
V V Yo R22 Yo R22 

F F O O-R2 

| \-R 
N \ 
O R22 

O-R2 

i? \-R, 
Y V z2 

R I0134. In another exemplary embodiment, the compound 
F is a member selected from 

O-R2 2 
-R 

F I \-R2, \ 2 
N-R 

O 

O) V HN l O R22 DOC M and O R22 

F 

F 2 HO 

p- O-R2 
-NT Ry2, I \ y2 

B N B N-R". 
Y \,. N \ 
O R O R22 

O-R2 I0135) In another exemplary embodiment, there is a pro 
I \ y2 Viso that the compound cannot have a structure according to 

O E N-R p 9. 
N V Formula (Iaa): 
O R22 

NC 

(Iaa) 
R12b 2 

wherein R. R. R', R'' and R'' have the same O-R2 
f R2 substituent listings as described for Formulae (IX) and (ly) 
R -N. above. 
O R22 0.136. In another exemplary embodiment, the invention 

and provides poly- or mutli-Valent species of the compounds of 
the invention. In an exemplary embodiment, the invention 

O provides a dimer of the compounds described herein. In an 
exemplary embodiment, the invention provides a dimer of 
the compounds described herein. In an exemplary embodi 
ment, the invention provides a dimer of a compound which 
is a member selected from C1-C96. In an exemplary 
embodiment the dimer is a member selected from 



US 2017/0066787 A1 

HO O OH and 

OH 

CN 

O 

B 
1 in 

HON -O OH 
B 

cr 
Ol CN 

0.137 In an exemplary embodiment, the invention pro 
vides an anhydride of the compounds described herein. In an 
exemplary embodiment, the invention provides an anhy 
dride of the compounds described herein. In an exemplary 
embodiment, the invention provides an anhydride of a 
compound which is a member selected from C1-C96. In an 
exemplary embodiment the anhydride is a member selected 
from 

O 
M 

O-B 

1/ 
O 

F F 
O 
A 

O-B 
NC B 

OOC) CN 
O O 
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0.138. In an exemplary embodiment, the invention pro 
vides a trimer of the compounds described herein. In an 
exemplary embodiment, the invention provides a trimer of 
the compounds described herein. In an exemplary embodi 
ment, the invention provides a trimer of a compound which 
is a member selected from C1-C96. In an exemplary 
embodiment the trimer is a member selected from 

-C 
F 

B 

r No 
B B 
No1 

F 

OH 

O 

F 

O -B 
n 1 

N OH H 
B OHNB1 OH: 

F F 

CN 

O 

OH 

O H O 

O 

-Ba OH 

Bao-B CN: 

O1 
O H 
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-continued Pyridinyloxaboroles 
CN 

0.139. In an exemplary embodiment, the compound has a 
structure which is a member selected from Formulae (IIa) 

O (IIb) (IIc) and (IId). 

(IIa) 
R12a o-R". 

(IIb) 

(IIc) F 

'No, OH 
HO O i? OH (IId) 
N1 OH N B1 OH 

F F 

0140. In an exemplary embodiment, the compound has a 
structure according to Formula (III): 

(III) 

CN 

O Oxaborines 
O 

O 
O 

I. b.) Cyclic Borinic Esters 
CN 

CN. 0.141. In one aspect, the invention provides compounds 
useful in the methods which have a structure according to 
Formula VII: 
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(VII) 
R1a 

G B 

CC D W nafn1 

wherein the variables R'', A, D, E, G, J, W and M are 
described elsewhere herein. 
I0142. In an exemplary embodiment of Formula (VII), R' 
is substituted or unsubstituted alkyl (C-C). In an exem 
plary embodiment of Formula (VII), R is substituted or 
unsubstituted alkyloxy. In an exemplary embodiment of 
Formula (VII), R is substituted or unsubstituted cycloalkyl 
(C-C). In an exemplary embodiment of Formula (VII), R' 
is substituted or unsubstituted alkenyl. In a further exem 
plary embodiment thereof, the substituted alkenyl has the 
Structure 

(VIIa) 

wherein R. R', and Rare each members independently 
selected from H. haloalkyl, aralkyl, substituted aralkyl, 
(CH), OH (where r-1 to 3), CHNRR7 (wherein R and 
R7 are independently selected from hydrogen and alkyl). 
COH, CO-alkyl, CONH2, S-alkyl, S-aryl, SO-alkyl, SOH, 
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. 
0143. In another exemplary embodiment of Formula 
(VII), R' is a substituted or unsubstituted alkynyl. In a 
further exemplary embodiment thereof, the substituted alky 
nyl has the structure 

(VIIb) 

R23 

wherein R is defined as before. 
0144. 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 

(VIIc) 

R28 R29 

28 
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wherein R. R. R. R. and R are each members 
independently selected from H, aralkyl, substituted aralkyl, 
(CH)OH (where S=1 to 3), COH, CO-alkyl, CONH2, 
CONHalkyl, CONCalkyl), OH, alkoxy, aryloxy, SH, 
S-alkyl, S-aryl, SO-alkyl, SOH, SCF, CN, halogen, CF, 
NO, (CH)NR'R' (wherein R and R7 are indepen 
dently selected from hydrogen, alkyl, and alkanoyl) (t=0 to 
2), SONH, OCHCH-NH, OCHCH-NHalkyl, 
OCHCHN(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. 
(0145. In an exemplary embodiment of Formula (VII), R' 
is a substituted or unsubstituted aralkyl. In a further exem 
plary embodiment thereof the substituted aralkyl has the 
Structure 

R32 R31 

H-3- R30 
R28 R29 

wherein R. R. R. R. and R° are defined as before, and 
n1 is an integer selected from 1 to 15. 
I0146) In an exemplary embodiment of Formula (VII), R' 
is a substituted or unsubstituted heteroaryl. In a further 
exemplary embodiment thereof, heteroaryl has the structure 

(VIId) 

(VIIe) 

O 

(VIIf) 

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 Rare each members independently 
selected from H. haloalkyl, aralkyl, substituted aralkyl, 
(CH), OH (where u=1, 2 or 3), (CH)NR'R' (wherein 
RandR are independently selected from hydrogen, alkyl 
and alkanoyl) (v=0 to 3), COH, CO-alkyl, CONH, S-alkyl, 
S-aryl, SO-alkyl, SOH, 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. 
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0147 The structures of the invention also permit solvent 
interactions that may afford structures (Formula VIIg) that 
include atoms derived from the solvent encountered by the 
compounds of the invention during synthetic manipulations 
and therapeutic uses. Structure VIIgarises 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. 

Formula (VIIg) 

O y'a 
G B H 

CC D W 

0148. In an exemplary embodiment, the compound has a 
structure which is a member selected from 2-(3-Chlorophe 
nyl)-1,3,2-dioxaborolane, (3-Chlorophenyl)(4'-fluoro-(2'- 
(methoxymethoxy)-methyl)-phenyl)-borinic acid, 1-(3- 
Chlorophenyl)-5-fluoro-1,3-dihydrobenzoc 1.2 
oxaborole, 1-(3-Chlorophenyl)-6-fluoro-1,3-dihydrobenzo 
c1.2 oxaborole, 1-(3-Chlorophenyl)-1,3-dihydrobenzoc 
1.2 oxaborole, 5-Chloro-1-(3-Fluorophenyl)-1,3- 
dihydrobenzoc 1.2 oxaborole, 2-(3-fluorophenyl) 1,3,2- 
dioxaborolane, 3-(Benzoc1.2 oxaborol-1 (3H)-yl) 
benzonitrile, 2-(3-cyanophenyl) 1,3,2-dioxaborolane, 
(3-Chlorophenyl)(5'-fluoro-(2-(methoxymethoxy)methyl)- 
phenyl)-borinic acid, 1-(3-Chlorophenyl)-1,3-dihydro-3, 
3dimethylbenzoc1.2oxaborole, (3-Chlorophenyl)(2-(2- 
(methoxymethoxy)propan-2yl)phenylborinic acid, 1-(3- 
Chlorophenyl)-1,3-dihydro-3,3-dimethylbenzoc 1.2 
oxaborole, 1-(4-Chlorophenyl)-1,3-dihydrobenzoc1.2 
oxaborole, 2-(4-chlorophenyl)-1,3,2-dioxaborolane, 
4-(Benzoc1.2 oxaborol-1 (3H)-yl)benzonitrile, 2-(4-cya 
nophenyl)-1,3,2-dioxaborolane, 4-(5-Fluorobenzoc1.2 
oxaborol-1(3H)-yl)benzonitrile, 2-(4-cyanophenyl)-1,3,2- 
dioxaborolane, 3-(5-Fluorobenzoc1.2 oxaborol-1 (3H)-yl) 
benzonitrile, 2-(3-cyanophenyl)-1,3,2-dioxaborolane, 
3-(6-Fluorobenzoc1.2 oxaborol-1(3H)-yl)benzonitrile, 
2-(3-cyanophenyl)-1,3,2-dioxaborolane, 1-(3-Cyanophe 
nyl)-5,6-dimethoxy-1,3-dihydrobenzoc 1,2-oxaborole, 
2-(3-chlorophenyl)-1,3,2-dioxaborolane, (4-(5-(Fluo 
robenzoc 1.2 oxaborol-1 (3H)-yl)phenylmethanamine, 
5-Fluoro-2-(methoxymethoxymethyl)phenyl-1,3,2-di 
oxaborolane, 4-(5-(Fluorobenzoc1.2 oxaborol-1 (3H)-yl) 
phenylmethanamine, (3-(5-(Fluorobenzoc 1.2 oxaborol-1 
(3H)-yl)-phenylmethanamine, (4-(5-(Fluorobenzoc1.2 
oxaborol-1(3H)-yl)phenyl)methanol, (3-(5-(Fluorobenzoc 
1.2 oxaborol-1 (3H)-yl)phenyl)methanol, 3-(6-Fluorobenzo 
c1.2 oxaborol-1 (3H)-yl)phenol, 3-(5-Fluorobenzoc1.2 
oxaborol-1(3H)-yl)pyridine, (2-(Benzoc 1.2 oxaborol-1 
(3H)-yl)phenyl)methanol, 2-(Methoxymethoxy)methyl 
phenyl boronic acid, 2-(Methoxymethoxymethyl)phenyl 
1,3,2-dioxaborolane, Bis 2-(methoxymethoxymethyl) 
phenylborinic acid, (2-(Benzoc1.2 oxaborol-1 (3H)-yl) 
phenyl)methanol, (2-(Benzoc1.2 oxaborol-1 (3H)-yl) 
phenyl)-N,N-dimethylmethanamine, (2-(Benzoc1.2 
oxaborol-1(3H)-yl)-5-chlorophenyl)-N,N- 
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dimethylmethanamine, (2-(Benzoc 1.2 oxaborol-1 (3H)- 
yl)-5-chlorophenyl)methanol, (2-(Benzoc 1.2 oxaborol-1 
(3H)-yl)-5-chlorophenyl)methanol, (5-Chloro-2-(5- 
chlorobenzoc 1.2 oxaborol-1 (3H)-yl)phenyl)methanol, 
Bis4-chloro-2-(methoxymethoxymethyl)phenylborinic 
acid, (5-Chloro-2-(5-chlorobenzoc 1.2 oxaborol-1 (3H)- 
yl)phenyl)methanol, (5-Chloro-2-(5-chlorobenzoc1.2 
oxaborol-1 (3H)-yl)phenyl-N,N-dimethylmethanamine, 
1-(4-chloro-2-methoxyphenyl)-1,3-dihydrobenzoc 1.2 
benzoxaborole, 4-Chloro-2-methoxyphenylboronic acid 
ethylene glycol ester, 1-(4-chloro-2-methoxyphenyl)-1,3-di 
hydrobenzoc 1.2 benzoxaborole, 2-(Benzoc1.2 oxabo 
ral-1 (3H)-yl)-5-chlorophenol, 2-(3-(Benzoc 1.2 oxaborol 
1(3H)-yl)phenoxy)-5-chlorophenol, 2-(3-(Benzoc1.2 
oxaborol-1 (3H)-yl)Phenoxy)-5-chlorophenol 4-((3-(5- 
Fluorobenzoc1.2 oxaborol-1 (3H)-yl)phenyl)methyl) 
morpholine, 3-(5-Fluorobenzoc1.2 oxaborol-1 (3H)-yl) 
phenyl)-methyl 8-hydroxy-quinoline-2-carboxylate, 1-(3- 
Chlorophenyl)-2,3-dihydro-2-(methoxymethyl)-1H-benzo 
c1.2aZaborole, 3-Chlorophenyl 2-N,N-bis 
(methoxymethyl)aminomethylphenylborinic acid, 1-(3- 
Chlorophenyl)-2,3-dihydro-2-(methoxymethyl)-1H-benzo 
c1.2aZaborole, 1-(3-Chlorophenyl)-1,3,4,5- 
tetrahydrobenzo-c 1,2-oxaborepine, 1-(3-Chlorophenyl)- 
1,3,4,5-tetrahydrobenzoc1.2oxaborepine, 1-(3- 
Chlorophenyl)-3,4-dihydro-1H-benzoc1,2-oxaborinine, 
2-(3-Chlorophenyl)-1.3.2dioxaborolane, (3-Chlorophenyl) 
(2'-(2-(methoxymethoxy)ethyl)phenyl)borinic acid, and 
1-(3-Chlorophenyl)-3,4-dihydro-1H-benzoc1.2 oxabori 
nine. 
I. c.) 2'-amino Ribofuranoses 
0149. In another aspect, the invention provides com 
pounds useful in the methods which is a 2-amino ribofura 
nose. In an exemplary embodiment, the 1'-position of the 
ribofuranose is substituted with a member selected from 
substituted or unsubstituted aryl and substituted or unsub 
stituted heteroaryl. 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 
pyridine and substituted or unsubstituted imidazole. In 
another exemplary embodiment, the 1'-position of the ribo 
furanose is substituted with a member selected from substi 
tuted or unsubstituted nicotinic acid, substituted or unsub 
stituted nicotinamide, substituted or unsubstituted nucleic 
acid base, Substituted or unsubstituted adenine, 

NH2 

? N 2 

olo 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): 
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HO L (VIII) 

M 

HO N-Rs 
R40 

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 NR. R' and R' are each members 
independently selected from H, aralkyl, substituted aralkyl, 
(CH)OH (where S=1 to 3), COH, CO-alkyl, C(O)NH2, 
C(O)NHalkyl, CONCalkyl), C(O)R’, OH, alkoxy, aryloxy, 
SH, S-alkyl, S-aryl, SO-alkyl, SOH, SCF, CN, halogen, 
CF, NO, (CH)NR'R7 (wherein R and R7 are inde 
pendently selected from hydrogen, alkyl, and alkanoyl) (t=0 
to 2), SONH, OCHCH-NH, OCHCH-NHalkyl, 
OCHCHN(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, substituted or 
unsubstituted heteroaryl, 

O f O 
N G 
SR44 and S 

R45 Z D 
na 

R. R. and Rare 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. Rand 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 0 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. 
0150. In an exemplary embodiment, 
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is a member selected from: 

F 

NH NH 

| N 
O ; and O 

le 

0151. In another exemplary embodiment, the compound 
has a formula according to the following formulae: 

(VIIIa) 
H O L 

R45 R44 and 
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-continued 

HO L 

M 

HO NH 

O “a 
N G 

A f 
Y2E 
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(VIIIb) 

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

NH 

? HO N e 
O 

HO NH 

O 

NH2 

NH2 

( NN. le HO N N 

O 

HO NH 

O 

(D1) 

(D2) 

-continued 

NH2 

HO N e 
O 

HO NH 

O 

NH2 

NH2 

( NN 
HO N e 

O 

HO NH 

O 

NH2 

NH 

( NN 
HO N e 

O 

HO NH 

O 

NH2 
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(D3) 

(D4) 
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-continued 

NH2 

NH 

( r 
HO N 21 

O 
F 

HO NH 

O 

NH2 

NH2 

N NN 

NH2 

(D6) 

(D7) 

(D8) 
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-continued 
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(D9) 

(D10) 

(D11) 
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-continued 

O 

HO 

HO NH 

O 
NH2 

NH2 

n N 

NH2 

N 
7 NH 

Sll, 
(D12) 

(D13) 

(D14) 
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-continued 

N n N. 

HO N 4. 

HO NH 

O 

HO NH 

O / 
O 

NH2 

N NN 

le and 
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(D15) 

(D16) 

(D17) 

(D18) 
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-continued 

(D19) 
NH2 

N n N 

{l HO N N 

O 

HO NH 

O 
NH2 

OH 

I. d) 3'-amino Ribofuranoses 
0152 
pounds useful in the methods which is a 3'-amino ribofura 

In another aspect, the invention provides com 

nose. In an exemplary embodiment, the 1'-position of the 
ribofuranose is substituted with a member selected from 

substituted or unsubstituted aryl and substituted or unsub 
stituted heteroaryl. 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 
pyridine, and substituted or unsubstituted imidazole. In 
another exemplary embodiment, the 1'-position of the ribo 
furanose is substituted with a member selected from substi 

tuted or unsubstituted nicotinic acid, substituted or unsub 
stituted nicotinamide, substituted or unsubstituted nucleic 
acid base, Substituted or unsubstituted adenine, 

NH2 

? N 2 

olo 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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(VIIIc) 
HO L 

R40 

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 NR. R' and a R' are each 
members independently selected from H, aralkyl, substi 
tuted aralkyl, (CH), OH (where S=1 to 3), COH, CO-alkyl, 
C(O)NH, C(O)NHalkyl, CON(alkyl), C(O)R’, OH, 
alkoxy, aryloxy, SH, S-alkyl, S-aryl, SO-alkyl, SOH, SCF. 
CN, halogen, CF, NO, (CH)NR'R'' (wherein R and 
R" are independently selected from hydrogen, alkyl, and 
alkanoyl) (t=0 to 2), SONH, OCHCH-NH. 
OCHCH-NHalkyl, OCH2CHN(alkyl), oxazolidin-2-yl, 
alkyl substituted oxazolidin-2-yl, substituted or unsubsti 
tuted alkyl, substituted or unsubstituted heteroalkyl, substi 
tuted or unsubstituted cycloalkyl, substituted or unsubsti 
tuted heterocycloalkyl, substituted or unsubstituted aryl, 
substituted or unsubstituted heteroaryl, 

O " O 

NS R44 and 's 
R45 Z D na 

R. R. and Rare 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. Rand R', together with the atoms to which they are 
attached, are optionally joined to form a 4 to 7 membered 
ring. Rand 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 0 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. 
O153 

opo 
-Na 

In an exemplary embodiment, 
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is a member selected from: 

NH NH 

- O 

NH 

O / ; and O 
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0154) In another exemplary embodiment, the compound 
has a formula according to the following formulae: 

HO L 

M 

OH 

NNR4 
O NH 

W 
R44 

(VIIId) 

and 
4 

(VIIIe) 

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

(E1) 
NH2 

N 

(1. e HO N N 

O 

NH OH 

O 

NH2 

(E2) 
NH2 

N NN. 
























































































































































































































































































