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JURISDICTIONAL STATEMENT
The Board had jurisdiction over IPR2015-01776 pursuant to 35 U.S.C. 8 311

and 37 C.F.R. § 42.3. The Board filed its FWD regarding the patentability of the
’621 patent on February 23, 2017. Anacor timely appealed on April 24, 2017. This
Court has jurisdiction under 28 U.S.C. § 1295(a)(4)(A).

STATEMENT OF THE ISSUES ON APPEAL

The single claim at issue on this appeal is drawn to a method of using a
compound named tavaborole to treat tinea unguium, the most common form of a
nail infection known as onychomycosis. Tinea unguium is caused by a family of
fungi called dermatophytes. The parties agree that Petitioner’s primary reference,
Austin, is silent about the activity of tavaborole’s class of compounds against
dermatophytes. The Board nonetheless found that Austin could be combined with
references disclosing different classes of compounds (Brehove and Freeman) to
arrive at the claimed invention, based on an assertion that the various compounds at
issue had “similar functional activity” and a POSA’s alleged knowledge that a
compound’s activity against the yeast C. albicans, as disclosed in Austin, provides a
reasonable expectation of activity against the dermatophytes that cause tinea
unguium. The issues on appeal are:

1. Whether the Board provided Anacor with notice of, and adequate

opportunity to respond to, the outcome-determinative argument that because activity
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against C. albicans is predictive of activity against dermatophytes, the disclosure of
activity against C. albicans in Austin would have provided a POSA with a reasonable
expectation of successfully treating dermatophytes.

2. Whether the Board improperly shifted onto Anacor the burden of
disproving essential factual premises of its obviousness finding, namely that (i) C.
albicans activity provides a reasonable expectation of dermatophyte activity, and (ii)
Austin and Freeman disclose similar functional activities because activity against C.
albicans is closely related to activity against a different yeast, C. parapsilosis.

3A. Whether the Board’s obviousness theory—that a POSA would have
had a motivation to combine references disclosing structurally dissimilar
compounds, and a reasonable expectation of success in doing so, based on some
structural similarity between the compounds and a “similar functional activity”—
lacks a rational underpinning.

3B. Whether the Board lacked substantial evidence in support of its factual
findings that (i) the benzoxaboroles of Austin share a meaningful structural similarity
with the compounds of either Brehove or Freeman, (ii) the compounds of Austin and
Freeman disclose an overlapping functional activity, and (iii) a POSA would have
expected Austin’s benzoxaboroles to have activity against dermatophytes based on
Freeman’s disclosure of activity for phenyl boronic acid and pentafluorophenyl

boronic acid.
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INTRODUCTION

After the obviousness theory on which trial was actually instituted was
decisively refuted, the Board “change[d] theories midstream,” without providing
Anacor with notice of the new obviousness theory or an adequate opportunity to
respond to that theory. The Board then applied its new theory to invalidate Claim 6
based on obviousness combinations that were not in the Petition. Thus, Anacor’s
patent rights were extinguished without the due process and fairness to which
Anacor was entitled.

At institution, the Board described Petitioner’s argument for Ground 1 as
follows: “both Austin and Brehove disclose [a class of compounds called] boron
heterocycles, and ... a person of ordinary skill in the art would have expected that
compounds that share structural features would likely share functional features ... .”
Appx320; see also Appx323 (describing a similar argument for Ground 2).
Invalidating Claim 6 requires looking beyond Austin because the compounds in that
reference are tested only against a yeast called C. albicans, not a dermatophyte as
required by Claim 6. Thus, the Petition asserted that a POSA would have expected
the compounds of Austin to have activity against dermatophytes (as in Claim 6),
allegedly like the compounds of either Brehove or Freeman, based on structural

similarities among the compounds disclosed in the three references.

FlatWing Ex. 1043, p. 12



Case: 17-1947  Document: 19 Page: 13  Filed: 08/04/2017

Anacor prepared its defense based on the Petition’s theory. During a two-day
cross examination, Petitioner’s chemistry expert admitted that significant structural
differences exist between Austin’s benzoxaboroles and the compounds of either
Brehove or Freeman. Petitioner’s formulation expert, Dr. Murthy, discredited his
own structural similarity arguments with the acknowledgment that he is not a
chemist. Appx5263. Meanwhile, Anacor’s chemistry expert, Dr. Reider, presented
evidence showing meaningful differences between the compounds in the asserted
references, and also demonstrated why a POSA would have expected even small
structural differences to result in unpredictable biological changes. This
unpredictability, in turn, would defeat any notion that there would be a reasonable
expectation of success in combining Austin with either Brehove or Freeman.

Having seen the essential premise of the Petition’s obviousness theory
destroyed, Petitioner began shifting to a new theory. Proving Claim 6 obvious
requires showing a reasonable expectation of success that tavaborole (one of the
multitude of compounds disclosed in Austin) would treat onychomycosis caused by
a dermatophyte. The Petition attempted to show this through Brehove and Freeman.
Petitioner’s Reply, by contrast, argued that a reasonable expectation of success was
established by combining (a) Austin’s disclosure that tavaborole had activity against
a yeast, C. albicans, which rarely even causes onychomycosis; and (b) references

not even cited in the Petition, Segal and Mertin, which the Reply argued established
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that activity against dermatophytes could be predicted by observed activity against
yeasts. This was essentially a new obviousness combination outside the grounds on
which trial was instituted.

The FWD turned on the Reply’s new argument. The Board found that
Austin’s own disclosure of activity against C. albicans was sufficient for a POSA to
predict activity against dermatophytes. But every piece of evidence cited by the
Board in accepting the new argument was presented with Anacor’s Response or
Petitioner’s Reply, not the Petition. The Board never revealed to Anacor that it
would consider the new argument, let alone use it to decide the fate of Claim 6. The
Board’s decision, therefore, violates Anacor’s due process and APA procedural
rights by failing to provide both notice of the outcome-determinative argument and
an adequate opportunity to respond. (See Part | below.)

The Board compounded its error by shifting the burden of persuasion onto
Anacor with respect to key aspects of the obviousness inquiry. (See Part Il below.)
For example, Petitioner’s new obviousness argument cited a handful of examples of
other antifungals with similar activity against both dermatophytes and C. albicans.
Petitioner never addressed how these unrelated antifungals are relevant to the
question of whether a POSA would have expected Austin’s compounds to have
activity against dermatophytes. Despite a total lack of evidence related to tavaborole,

the Board accepted Petitioner’s argument and effectively shifted onto Anacor the
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burden of proving that tavaborole would be expected to behave differently against
dermatophytes than Petitioner’s isolated examples.

The Board also shifted onto Anacor the burden of proving that Austin and
Freeman do not disclose “similar functional activity.” Despite the acknowledged
structural differences between the classes of compounds of Austin and Freeman, the
Board found that a POSA would have been motivated to combine the references with
a reasonable expectation of success because Austin’s compounds possess activity
against C. albicans while Freeman’s compounds allegedly possess activity against
C. parapsilosis. The Board accepted as fact that these represent similar functional
activities, even though Petitioner presented no evidence on the issue, and the Board
faulted Anacor for the sufficiency of its evidence to the contrary. But the burden of
proof was Petitioner’s, and Anacor should not be punished for the absence of
evidence in record.

Not only is there a lack of evidence that Austin and Freeman disclose “similar
functional activity,” but the FWD lacks substantial evidence that Austin’s
benzoxaboroles are structurally similar to Brehove’s dioxaborinanes or Freeman’s
boronic acids. (See Part I11 below.) Although these classes of compounds all contain
boron atoms, Petitioner’s chemistry expert conceded that the structures are different,
and even explained why a POSA would have expected the compounds of Austin and

Freeman to have different biological activities as a result of their structural
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differences. Moreover, the FWD lacks substantial evidence that Freeman would
have provided a reasonable expectation of success that Austin’s compounds would
have activity against dermatophytes because one of the two compounds Petitioner
identified as relevant from Freeman does not have any activity against
dermatophytes. When the evidence is taken as a whole, it is clear that a POSA would
not have had a motivation to combine the asserted references or a reasonable
expectation of success in doing so.

The Board’s decision for Claim 6 should be reversed for any one of these
reasons.

STATEMENT OF THE CASE
U.S. Patent No. 7,582,621 (“the 621 Patent”) claims methods of treating

infections in animals comprising administering a therapeutically effective amount of
the compound “tavaborole” (1,3-dihydro-5-fluoro-1-hydroxy-2,1-benzoxaborole).
The 621 Patent claims priority to a provisional application filed on February 16,
2005. Atissue in this appeal is the patentability of Claim 6 of the ’621 Patent. This
claim narrows the method of treating “an infection” with tavaborole from
independent Claim 1 to a method of treating “tinea unguium,” which is the most

common form of “onychomycosis.”
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l. Claim 6 of the ’621 patent claims a method of treating onychomycosis,
which is a fungal infection of the nail.

Onychomycosis refers to a fungal infection of the nail plate or nail bed.
Appx6286. Onychomycosis can occur in either fingernails or toenails, and it is
“characterized by the thickening of the nail, discoloration, separation of the nail plate
from the nail bed, accumulation of subungual debris, nail plate dystrophy, and nail
brittleness.”  Appx6289-90. Tinea unguium is onychomycosis caused by
dermatophytes. Appx71; Appx1219.

A.  Onychomycosis is primarily caused by dermatophytes, not yeasts
such as those disclosed in Petitioner’s primary reference.

Dermatophytes are a class of fungi responsible for 90% to 95% of
onychomycosis cases. Appx1558; Appx6288. Dermatophytes are uniquely
successful at colonizing nails because they contain an enzyme called keratinase,
which breaks down the major protein component of nails (i.e., keratin) for nutrients.
Appx6286-88; Appx6301. The dermatophytes most often responsible for tinea
unguium are Trichophyton (“T.”) rubrum, T. mentagrophytes, T. tonsurans, and
Epidermophyton floccosum. Appx6288-89.

Candida albicans is a yeast disclosed in Austin and Brehove, not a
dermatophyte. C. albicans is responsible for less than 5% of onychomycosis cases.
Appx6291-92 (citing Ex. 2049 (3.2%), Ex. 2027 (1-2%), Ex. 2066 (5.4%), Ex. 2059

(0% in toenail onychomycosis), Ex. 2067 (0% in toenail onychomycosis), Ex. 2039
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(7%)). Petitioner’s topical formulation expert, Dr. Murthy, initially argued that C.
albicans is “the most common pathogen associated with onychomycosis.”
Appx1211 (citing Ex. 1003 (Brehove) at § 18). However, Dr. Murthy later agreed
that “T. rubrum is by far the most common pathogen causing onychomycosis.”
Appx5229; see also Appx5230; Appx10189 (Dr. Murthy admitting that mycology
IS not his expertise).

Dermatophytes and C. albicans have enzymatic differences that not only
cause them to behave differently, but also potentially present different targets for
pharmaceuticals. For example, C. albicans does not produce keratinase, and thus, is
less capable of penetrating the nail than dermatophytes. Appx6300-01. Also unlike
dermatophytes, C. albicans produces a number of different enzymatic virulence
factors, such as phospholipases to break down cell membranes and allow C. albicans
to invade systemically and disseminate via the blood. Appx6300. The different
enzymatic virulence factors in dermatophytes and C. albicans usually cause these
classes of fungi to infect different parts of the body. Appx6300-01.

C. parapsilosis is the only yeast tested in Freeman. It is part of the normal
flora of the body as the major colonizer of the hands and subungual regions of
healthy adults. Appx6293-94. Anacor’s mycology expert Dr. Ghannoum presented
evidence that C. parapsilosis is merely a contaminant, and not a cause of

onychomycosis, because it normally lives in the subungual areas of healthy adults.
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Id. (citing Ex. 2049 and Ex. 2069). Petitioner’s expert, Dr. Murthy does not disagree
that C. parapsilosis is the major colonizer of healthy hands. See Appx1751;
Appx5230.

The record shows that dermatophytes and yeasts have many differences due
to the genetic dissimilarities between them. See, e.g., Appx6298-6300. In fact,
dermatophytes and yeasts “diverge at the taxonomic level of class”—the same
taxonomic level within the Kingdom Animalia at which mammals and fish diverge.
Id. The genetic differences between dermatophytes and yeasts, such as C. albicans,
cause these microorganisms to exhibit different “morphologies, macroscopic and
microscopic appearances, rates of growth, and biochemical characteristics.” 1d.

Dermatophytes and yeasts also have different sensitivities to antifungal
compounds. The only mycologist in this case, Dr. Ghannoum, concluded that “a
2005 POSA could not have predicted the activity of a compound against
dermatophytes based on the activity against a different fungal microorganism, such
as a yeast.” Appx6318. Dr. Ghannoum provided the example of ketoconazole,
which “has potent antifungal activity against C. albicans but has poor activity
against the Trichophyton spp. T. rubrum and T. mentagrophytes.” Id. (citing EXx.

2105).

10
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B.  The record here demonstrates the lack of guidance in the prior
art concerning the possible use of boron-containing compounds to
treat onychomycosis.

The compound recited in Claim 6, tavaborole, as well as the various
compounds disclosed in the asserted references, contain boron atoms. Boron-
containing compounds rarely appear in medicinal chemistry literature. Indeed, most
examples of boron-containing compounds tested in animals resulted in unacceptable
toxicities. See Appx239-42, and citations therein; Appx6223-26, and citations
therein. Until the approval of Anacor’s KERYDIN® product, only one other boron-
containing drug was on the market. VELCADE®, which is a boronic acid and not a
benzoxaborole, had been approved for refractory multiple myeloma, a serious form
of cancer. Appx4392; Appx6230. As is fairly common with cancer drugs,
VELCADE® exhibited severe side effects, including peripheral neuropathy and
major organ toxicities. Id. Consequently, little was known about the biological
properties of any boron-containing compound.

Tavaborole is from a class of compounds called “benzoxaboroles,” which had
never been tested in any animals as of 2005. Consequently, the relevant biological
properties, such as nail penetration, stability, efficacy, and even solubility, had not
been reported for any member of this class of compounds. To identify
benzoxaboroles in the prior art, one must venture into prior art concerning biocides

for industrial applications. See Appx378-79. One example is the “Austin” reference

11
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(Int’l Pat. Appl. No. PCT/GB95/01206, Ex. 1002), which disclosed that tavaborole
kills a handful of industrially relevant fungi, including C. albicans. Appx1067,
Example 64. Austin does not disclose the use of its benzoxaboroles in animals, and
instead shows that its compounds are useful as plastic preservatives. Appx1070-71.

The “Brehove” reference (U.S. Pat. Appl. No. 10/077,521, Ex. 1003) discloses
an apparently unsuccessful attempt to develop a boron-containing pharmaceutical.
In this reference, an individual attempted to treat onychomycosis caused by C.
albicans using the active ingredients in a fuel additive called BioBor. Appx1081.
These compounds are boron-containing dioxaborinanes. Id. Brehove does not
disclose the use of its dioxaborinanes against any microorganism other than C.
albicans. Appx1083-84; see also Appx29.

The final reference upon which trial was instituted, “Freeman”, (Int’l Pat.
Appl. No. PCT/US02/23252, Ex. 1004) also discloses an attempt to develop a boron-
containing compound, in this case a boronic acid, as an onychomycosis treatment.
This reference, unlike Brehove, does not test its compounds against C. albicans. See
Appx1099. Freeman also discloses no in vivo tests—it reports nothing more than
the potency of its compounds in Petri dishes. See id. Two compounds in Freeman
are relevant to this case: phenyl boronic acid (“PBA”) and pentafluorophenyl

boronic acid. The former compound displayed activity against dermatophytes when

12
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tested at very high concentrations, and the latter displayed “no effect” against
dermatophytes. Id.

Il.  Proceedings before the Board.

On August 20, 2015, the Coalition for Affordable Drugs X LLC (“Petitioner’)
filed a petition for inter partes review (“IPR”) of all claims in the 621 Patent.! The
Petition argued three Grounds of obviousness based on Austin as the primary
reference. The Board instituted IPR No. IPR2015-01776 on February 23, 2016 on
two of the Grounds: (1) Austin in combination with Brehove, and (2) Austin in
combination with Freeman. Anacor filed its Patent Owner Response on June 6,
2016, and Petitioner filed its Reply on August 24, 2016. Following oral argument,
the Board’s FWD on February 23, 2017, found the claims of the 621 Patent obvious
over either combination of references. Anacor appeals the Board’s decision in
IPR2015-01776 with respect to Claim 6 of the 621 Patent.

A.  The Petition argued that a POSA would have extrapolated the
properties described in either Brehove or Freeman to the
compounds of Austin based on the compounds’ alleged structural
similarities.

In both grounds, Petitioner argued a reasonable expectation of successfully

achieving the invention of Claim 6 because, in its view, “a person of ordinary skill

in the art would have expected that 5-fluoro benzoxaborole [i.e., tavaborole from

! Petitioner also filed two other petitions against the claims of a related patent
covering formulations of tavaborole. The resulting IPR2015-01780 and IPR2015-
01785 are not at issue here.
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Austin], which shares similar structural features with the compounds of Brehove,
would likely share similar functional features as well.” Appx136; see also
Appx150-51 (“A person of ordinary skill in the art would have expected that 5-
fluoro benzoxaborole [i.e., tavaborole from Austin], which shares similar structural
features with the compounds of Freeman, would likely share similar functional
features as well.”). Indeed, the Petition’s claim charts for Claim 6 only point to
language from Brehove or Freeman, and do not cite any passage from Austin. See
Appx142-43, Appx156.

The Petition also cited “share[d] functional activity” as support for a POSA’s
motivation to combine and reasonable expectation of success. Appx137; Appx151.
Although Petitioner does not define “functional activity,” it uses the term as a
synonym for “biological property.” For the combination of Austin and Brehove,
Petitioner identified only one overlapping biological property: the compounds in
both references inhibit C. albicans. Appx137. Petitioner also argued that the
compounds of Austin and Freeman disclose overlapping functional activity, but the
Petition does not explain what that activity is, besides “the inhibition of fungus
responsible for onychomycosis.” Appx151.

B.  The Board found the compounds of Austin, Brehove and Freeman
to be structurally dissimilar.

As explained above, the Petition’s obviousness theories were based on the

proposition that the asserted references could be combined because they all disclose
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boron-containing compounds having structural similarity. The Board, however,
made a key factual finding that negates this premise. Specifically, the Board noted
that Austin’s benzoxaboroles, such as tavaborole, are structurally dissimilar from the
compounds of either Brehove or Freeman.

For example, the Board “acknowledge[d] Patent Owner’s argument that small
structural changes can cause different biological actions and activities.” Appx21
(citing Appx408-09 and Appx6220-22). In addition, the Board noted that
Petitioner’s chemistry expert Dr. Kahl “agrees that there are obviously structural
differences between the dioxaborinanes of Brehove and the benzoxaboroles of
Austin.”  Appx21. The Board also “agree[d] there are structural differences”
between the compounds of Austin and Freeman. Appx39. These findings negate a
key pillar of the Petition’s obviousness arguments.

C. The Board found a reasonable expectation of successfully treating

dermatophytes only by departing from the Petitioner’s original
obviousness theory.

Given that the Board disagreed with Petitioner’s premise that structural
similarity provided the basis to combine Austin, Brehove and Freeman, it is not
surprising that the Board ended up invalidating Claim 6 by pivoting to an argument
appearing nowhere in the Petition. The Board noted that “[i]t is undisputed that
neither Austin nor Brehove expressly teaches whether the disclosed compounds

exhibit any activity against dermatophytes.” Appx29. Regardless, the Board found
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that Austin’s disclosure that tavaborole has activity against an industrial strain of C.
albicans was sufficient to provide a reasonable expectation of activity against
clinically relevant dermatophytes. Appx29-30.

The outcome-determinative argument that activity against C. albicans alone
would have provided a POSA with a reasonable expectation of successfully treating
dermatophytes was first presented in Petitioner’s Reply. Appx771-72; see also
Appx10234-36 (Murthy Reply Dep. Tr.) (Petitioner’s formulation expert stating that
Petitioner was aware of the argument prior to the Petition but only argued it in the
Reply). The Board did not inform the parties prior to the FWD that it would allow
Petitioner’s new argument.?

In its FWD, the Board determined that “the weight of the evidence favors
Petitioner’s argument” that Austin’s disclosure of activity against C. albicans would
have provided a reasonable expectation of activity against dermatophytes. Appx30.
In support of its conclusion, the Board cited references that surfaced for the first time
in Petitioner’s Reply (i.e., (i) Mertin (Ex. 1065), (ii) the Murthy Decl. (Ex. 1044),
and (iii) the deposition transcript of Anacor’s mycology expert Dr. Ghannoum (EX.

1046)) and from Anacor’s Response (i.e., (i) Segal (Ex. 2050), (ii) Nimura (EX.

2 Anacor asked for authorization to file a motion to strike the new argument and
evidence, but the Board only allowed Anacor to file a short listing of improper new
arguments from Petitioner’s Reply. See Appx815 (citing Appx10314-15).
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2105), and (iii) Dr. Ghannoum’s Declaration (Ex. 2035)). Id. None of the cited
evidence in the FWD was filed with the Petition.

For Ground 2 (Austin + Freeman), the Board incorporated its findings from
Ground 1, including the key finding that Austin’s disclosure of activity against an
industrial strain of C. albicans is predictive of activity against clinically relevant
dermatophytes. Appx37. The Board asserted, “For similar reasons stated above
with respect to the challenge over Austin and Brehove, we determine that the weight
of the evidence supports Petitioner’s argument that a person of ordinary skill in the
art would have combined Austin and Freeman to achieve the claimed invention with
a reasonable expectation of success.” Appx39.

SUMMARY OF THE ARGUMENT

1. The Petitioner and the Board “change[d] theories midstream” without
notifying Anacor of the new outcome-determinative issue in the case, and without
providing Anacor an opportunity to respond to the new theory with arguments and
evidence. See SAS Inst., Inc. v. ComplementSoft, LLC, 825 F.3d 1341, 1351 (Fed.
Cir. 2016) (quoting Belden Inc. v. Berk-Tek LLC, 805 F.3d 1064, 1080 (Fed. Cir.
2015)); In re NuVasive, Inc., 841 F.3d 966, 971 (Fed. Cir. 2016). The Petition
alleged that Austin disclosed the structure of tavaborole and drew on a secondary
reference, either Brehove or Freeman, as disclosing activity of structurally similar

compounds against dermatophytes. Appx142-43, Appx156. The Board instituted
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trial on this theory. Consequently, Anacor built its defense around the argument that
the compounds of Austin, Brehove and Freeman are, in fact, not structurally similar.
And Anacor made out this defense—Dby the time of the FWD, Petitioner’s expert had
admitted that the compounds of Austin are structurally different from the compounds
of either Brehove or Freeman. But that no longer mattered. The Board ended up
concluding that an expectation of activity against dermatophytes is shown, not by
the secondary references the Petition asserted, but by Austin itself. The Board
applied a theory that first surfaced in Petitioner’s Reply that activity against an
industrial strain of C. albicans, which Austin discloses, provides all the information
a POSA would have needed for a reasonable expectation of successfully treating
clinically relevant dermatophytes. Every piece of evidence supporting this theory in
the FWD was absent from the Petition. Based on due process and APA notice
guarantees, the FWD is fatally flawed because Anacor never had notice of or an
adequate opportunity to respond to the new outcome-determinative argument.

2. Not only did the Board provide inadequate notice of its new theory of
obviousness, but the Board also improperly shifted the burden of persuasion for the
new theory onto Anacor. See In re Magnum Oil Tools Int’l, Ltd., 829 F.3d 1364,
1375-76 (Fed. Cir. 2016). Petitioner had the burden to demonstrate that a POSA
would have reasonably expected tavaborole to have activity against dermatophytes.

The Board accepted Petitioner’s argument based on two unrelated antifungal
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compounds, amorolfine and terbinafine, and one sentence from Petitioner’s Reply
that “[d]ermatophytes are usually more sensitive towards antimycotics than yeasts.”
See Appx30. The Board did not require Petitioner to show that tavaborole would be
expected to behave like amorolfine or terbinafine, or even that tavaborole would
have been expected to kill fungi according to one of the known antifungal
mechanisms. Instead, the Board improperly shifted onto Anacor the burden of
proving that Petitioner’s limited evidence for other compounds would not apply to
tavaborole.

The Board also improperly shifted onto Anacor the burden of proving that the
compounds of Austin and Freeman do not disclose an overlapping biological
property—i.e., a “similar functional activity.” The Board found that a POSA would
have been motivated to combine Austin and Freeman with a reasonable expectation
of success because the compounds in these references have some structural
similarities and “similar functional activity against Candida species.” But Austin
and Freeman disclose activity against different microorganisms: C. albicans and C.
parapsilosis, respectively. The Board did not consider whether Petitioner proved
that a POSA would have viewed activities against these different species of Candida
as equivalent, but rather, faulted Anacor for failing to prove that they are different.
As with the previous example, Petitioner had the burden of persuasion, and the

Board erred by shifting the burden onto Anacor.
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3. The Board’s theory of obviousness lacks a rational underpinning because
there is no scientific explanation for why a POSA would ignore significant structural
dissimilarities between the compounds of the asserted references on the basis of one
overlapping biological property.

In addition, at least three of the Board’s essential factual findings are not
supported by substantial evidence. First, the evidence of record does not show that
the compounds of Austin share any meaningful structural similarities with the
compounds of either Brehove or Freeman. To the contrary, the parties’ experts agree
that Austin’s benzoxaboroles are structurally dissimilar from Brehove’s
dioxaborinanes and Freeman’s boronic acids. Petitioner’s chemistry expert even
explained why the different structures of Austin’s benzoxaboroles and Freeman’s
boronic acids would have led a POSA to expect different biological activities.
Despite this, the Board found a motivation to combine the asserted references, and
a reasonable expectation of success in doing so, based on some shared structural
similarity. The Board does not identify that similarity, but its citations indicate that
the similarity is the fact that all references disclose “boron-based compounds,” by
which it likely means that all of these compounds contain boron atoms. If this is
indeed the structural similarity, substantial evidence does not show why a POSA
would expect all “boron-based compounds” to behave similarly just because they all

contain a boron atom.
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Second, the record does not show that Austin and Freeman possess “similar
functional activity.” The Board alleged that the overlapping activities disclosed in
these references would have contributed to a motivation to combine the references
with a reasonable expectation of success. But no evidence shows that Austin’s
disclosure of activity against an industrial strain of C. albicans and Freeman’s
disclosure of activity against C. parapsilosis are “similar functional activities.”

Third, even if a POSA were to combine Austin and Freeman under Ground 2,
the evidence does not show that Freeman’s disclosure would have provided a
reasonable expectation of successfully treating dermatophytes with tavaborole. The
Petition argued that a POSA would have had a reasonable expectation from Freeman
based on two compounds: PBA and pentafluorophenyl boronic acid. But Freeman
shows that the latter compound has no activity against dermatophytes. The Board
ignored the portion of Anacor’s response that describes this evidence.

STANDARD OF REVIEW

This Court reviews the Board’s conclusions of law de novo. In re Gartside,
203 F.3d 1305, 1315 (Fed. Cir. 2000). Under the APA, whether the Board provided
notice and an adequate opportunity to respond to a new argument is a question of
law subject to de novo review. In re NuVasive, 841 F.3d at 970.

The Board’s fact finding is reviewed for substantial evidence. In re Gartside,

203 F.3d at 1313. “Substantial evidence review involves examination of the record
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as a whole, taking into account evidence that both justifies and detracts from an
agency’s decision.” Id. at 1312. Conclusory statements do not satisfy the standard,
and instead, “the Board must point to some concrete evidence in the record ... .” In
re Beasley, 117 F. App’x 739, 744 (Fed. Cir. 2004). Otherwise, “the process of
appellate review for substantial evidence on the record [would be] a meaningless
exercise.” 1d.

ARGUMENT

l. The FWD should be reversed for failing to provide adequate notice of the
arguments and evidence on which the FWD is based.

In essence, Claim 6 was invalidated based on a different combination of prior
art (Austin + Segal + Mertin) than the combinations presented by the Petition (Austin
+ Brehove and Austin + Freeman). For this reason alone, the FWD must be reversed.

The Board must provide a patent owner in an IPR with “‘notice of and a fair
opportunity to meet the grounds of rejection,” based on due-process and APA
guarantees.” In re NuVasive, 841 F.3d at 971 (quoting Belden, 805 F.3d at 1080).
The APA’s notice provisions mandate “the Board must timely inform a patent owner
of ‘the matters of fact and law asserted,” give the patent owner an ‘opportunity’ for
the “‘submission and consideration of facts’ and ‘arguments,” and permit the patent
owner ‘to submit rebuttal evidence, and to conduct such cross-examination as may
be required for a full and true disclosure of facts.”” Rovalma S.A. v. Bohler-Edelstahl
GmbH & Co. KG, 856 F.3d 1019, 1029 (Fed. Cir. 2017) (quoting 5 U.S.C. 8§
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554(b)(3), (c), 556(d)) (citing SAS Inst., 825 F.3d at 1351; Dell Inc. v. Acceleron,
LLC, 818 F.3d 1293, 1301 (Fed. Cir. 2016); Belden, 805 F.3d at 1080). Thus, during
an IPR, the Board “may not change theories midstream without giving respondents
reasonable notice of the change and the opportunity to present argument under the
new theory.” SAS Inst., 825 F.3d at 1351 (quoting Belden, 805 F.3d at 1080).

An IPR petition provides a patent owner with the notice required by due
process and the APA. See 35 U.S.C. § 312(a)(3) (“the petition identifies, in writing
and with particularity, each claim challenged, the grounds on which the challenge to
each claim is based, and the evidence that supports the grounds for the challenge to
each claim”). Indeed, a petitioner has the burden of making out a prima facie case
of unpatentability in its petition. See In re Magnum Oil Tools, 829 F.3d at 1375-76.
“[1]f a petition fails to state its challenge with particularity—or if the Patent Office
Institutes review on claims or grounds not raised in the petition—the patent owner
Is forced to shoot into the dark.” Cuozzo Speed Techs., LLC v. Lee, 136 S.Ct. 2131,
2154 (2016) (Thomas, J., concurring).

A petitioner’s reply serves a different purpose: responding to the patent
owner’s defenses. 37 C.F.R. § 42.23(b) (“A reply may only respond to arguments
raised in the corresponding opposition, patent owner preliminary response or patent
owner response.”). Due process and the APA require, however, that new arguments

cannot be raised in the reply without the patent owner having an adequate

23
FlatWing Ex. 1043, p. 32



Case: 17-1947  Document: 19 Page: 33  Filed: 08/04/2017

opportunity to respond with evidence and arguments. In re NuVasive, 841 F.3d at
973; Intelligent Bio-Systems, Inc. v. lllumina Cambridge Ltd., 821 F.3d 1359, 1369
(Fed. Cir. 2016).

Here, the Board allowed Petitioner to assert a new theory of obviousness that
was not presented in the petition. Appx30; Appx39. The Board even acknowledged
that Petitioner does not mention the outcome-determinative argument for Claim 6—
that activity against C. albicans alone would have provided a POSA with a
reasonable expectation of success against dermatophytes—until its Reply. See
Appx2 n.1; see also Appx815 (citing Appx10314-15). In addition, all the evidence
proffered to support the new theory of obviousness was also missing from the
Petition. See Appx 9. Thus, the Board violated due process and the APA by failing
to provide Anacor with notice of the new obviousness theory or a fair opportunity to
address it. See In re NuVasive, 841 F.3d at 971.

A.  The outcome-determinative argument in the Board’s obviousness
analysis for Claim 6 was not in the Petition.

It is not enough under the APA for the Board to identify the references
asserted against the claims. Rather, the parties must be aware of, and have an
opportunity to respond to, the legal argument that ultimately decides the case. See
SAS Inst., 825 F.3d at 1351; In re NuVasive, 841 F.3d at 973.

The recent In re NuVasive decision is especially instructive here. There, an

IPR petition argued that a claimed spinal fusion implant would have been obvious
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because two prior-art references together disclosed crucial claim limitations. 841
F.3d at 969. Specifically, the SVS-PR (or Telemon) reference disclosed a spinal
fusion implant whose length is at least 2.5 times its width while the Michelson
reference disclosed an implant with a length greater than 40 mm. In re NuVasive,
841 F.3d at 969. The patent owner responded that neither reference taught an
implant that was both longer than 40 mm and had a length at least 2.5 times its width.
The petitioner’s reply, however, identified a new portion of the Michelson reference
as disclosing a spinal fusion implant whose length is at least 2.5 times its width, in
addition to its original assertion that Michelson also disclosed an implant with a
length greater than 40 mm. Id. So in effect, the petitioner’s reply in In re NuVasive
changed the ground of obviousness from the combination of SVS-PR and Michelson
to the ground of Michelson alone, because SVS-PR was no longer necessary to the
overall obviousness analysis. See id. In response to this shift, the patent owner
requested leave to file a motion to strike the new ground of invalidity, filed
observations on cross-examination of the new argument, and objected to the new
theory during the oral argument. 1d. at 970, 973. Regardless, the Board adopted the
reasoning of the petitioner’s reply to find the claims obvious. Id. This Court vacated
the Board’s decision in In re NuVasive for failing to provide the patent owner with
both notice of the new obviousness argument based on Michelson alone and an

adequate opportunity to respond to it. Id. at 972. Notably, the only response to the
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new argument granted to patent owner—observations on cross-examination of
petitioner’s experts—were found not to be an adequate substitute for presenting
arguments and evidence. Id.

The facts here are nearly identical to those from In re NuVasive. The Petition
argued that Austin disclosed the claimed structure of tavaborole, while either
Brehove (Ground 1) or Freeman (Ground 2) disclosed Claim 6’s requirement of
treating dermatophytes. Appx142-43, Appx156. The Board instituted IPR on those
grounds. Appx320-21, Appx323. Anacor’s Response pointed out that, contrary to
Petitioner’s assertions, neither Brehove nor Freeman discloses activity against
dermatophytes. Appx410, Appx424-26. As in In re NuVasive, Petitioner’s Reply
did not argue that the prima facie case of obviousness presented in the Petition was
correct. Rather, Petitioner changed the source of the alleged disclosure of activity
against dermatophytes, and asserted in its Reply that a POSA would have understood
from Austin’s disclosure, in view of the teachings of Mertin and Segal, that the
reported activity against C. albicans also indicates effectiveness against
dermatophytes. Appx771-72; see also Appx778 (“Austin discloses the activity of
tavaborole, not Freeman”). And beyond even the facts of In re NuVasive, Petitioner
was fully aware of its new argument before it filed the Petition, but chose not to
advance it until much later. See Appx10234-36 (Dr. Murthy admitting that he told

Petitioner about this argument before he filed his first declaration).
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Anacor tried to protect itself from this ambush. In response to Petitioner’s
new argument, Anacor sought authorization to file a motion to strike, Appx10313,
filed an identification of new arguments in Petitioner’s Reply, Appx814-16, filed
observations on cross-examination of the new argument, Appx842-44 & Appx847-
49, and asked during the oral hearing that this new argument be given no weight,
Appx985. Inthe FWD, the Board agreed with Anacor’s Response that Brehove does
not disclose treating dermatophytes, but just as in In re NuVasive, the Board adopted
Petitioner’s new Reply argument and ruled that Claim 6 of the ’621 Patent is obvious
due to the alleged relationship between activities against C. albicans and
dermatophytes. See Appx29; see also Appx39 (applying the reasoning from Ground
1 to Ground 2).

In short, Anacor was under the mistaken impression that the Board would only
consider whether Brehove or Freeman disclosed activity against dermatophytes. See
Appx142-43, Appx156. Without notice, Anacor did not have an opportunity to
adequately respond to the new argument with its own argument and evidence. Inre
NuVasive, 841 F.3d at 973. Thus, the Board denied Anacor its procedural right to
due process and APA notice guarantees.

B.  TheBoard’s analysis of Claim 6 relied entirely on evidence that was
not in the Petition.

The Board’s inadequate notice of the outcome-determinative argument for

Claim 6 is highlighted by the fact that the FWD does not cite a single reference from
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the Petition in support of the alleged relationship between C. albicans activity and
dermatophyte activity.

A petition must make a prima facie case of obviousness, and in doing so,
provide the patent owner with notice of the evidence asserted against the challenged
claims. See In re Magnum QOil Tools, 829 F.3d at 1375-76; Intelligent Bio-Systems,
821 F.3d at 1369. The PTO also requires a petitioner’s reply to respond to previous
arguments and evidence; it is not an opportunity to present a new theory of
unpatentability. 37 C.F.R. § 42.23(b). Consequently,

It is of the utmost importance that petitioners in the IPR
proceedings adhere to the requirement that the initial
petition identify ‘with particularity’ the ‘evidence that
supports the grounds for the challenge to each claim.’ ...
Unlike district court litigation—where parties have greater
freedom to revise and develop their arguments over time
and in response to newly discovered material—the

expedited nature of IPRs brings with it an obligation for
petitioners to make their case in their petition to institute.

Intelligent Bio-Systems, 821 F.3d at 1369 (quoting 35 U.S.C. § 312(a)(3)) (emphasis
added).

In Intelligent Bio-Systems, the petition argued that a POSA would have been
motivated to combine the Zavgorodny and Tsien references because the
azidomethyl group disclosed in Zavgorodny satisfies Tsien’s requirement of a
protecting group that can be quantitatively removed under mild conditions. Id. at

1368, 1369. The patent owner’s response presented evidence that a POSA would
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have expected only 60-80% removal of Zavgorodny’s azidomethyl groups under the
disclosed conditions. Id. In its reply, the petitioner cited new references not in the
Petition to argue that a POSA would have considered Zavgorodny as a starting point
for the routine development of mild conditions for quantitative removal of
azidomethyl group. Id.

This Court affirmed the Board’s rejection of the new evidence cited in the
petitioner’s reply as a violation of 37 C.F.R. § 42.23(b). Intelligent Bio-Systems,
821 F.3d at 1369-70 (noting that “[petitioner] chose which grounds of invalidity to
assert in its petition and it chose not to assert this new one”). In support of this
conclusion, the Court emphasized the PTO’s own guidance: “Examples of
indications that a new issue has been raised in a reply include new evidence
necessary to make out a prima facie case for the ... unpatentability of an original
... claim, and new evidence that could have been presented in a prior filing.” Id.
(quoting Office Patent Trial Practice Guide, 77 Fed. Reg. 48,756, 48,767 (Aug. 14,
2012)) (emphasis added).

This is precisely the sort of improper new evidence that the Board relied on
here to invalidate Claim 6. See Appx30. For example, in analyzing “the weight of

the evidence,” the Board cites only references and declarations that entered the case
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in either the Patent Owner Response® or the Petitioner’s Reply.* See Appx30. Thus,
Petitioner could not have made a prima facie case for its new argument in the Petition
because all of the supporting evidence came later. As in Intelligent Bio-Systems,
Petitioner’s “new evidence [that is] necessary to make out a prima facie case”
violates 37 C.F.R. § 42.23(b)’s requirements for a proper reply. 821 F.3d at 1370.

II.  The FWD should be reversed for improperly shifting the burden of
proving nonobviousness onto Anacor.

“In an inter partes review ... the petitioner shall have the burden of proving a
proposition of unpatentability by a preponderance of the evidence.” 35 U.S.C.
8 316(e). The In re Magnum Qil Tools decision confirms that the burden of proving
every aspect of obviousness rests squarely on the petitioner and never shifts to the
patent owner. 829 F.3d at 1376. “This is especially true, where the only issues to
be considered are what the prior art discloses, whether there would have been a
motivation to combine the prior art, and whether that combination would render the
patented claims obvious.” Id.

The Board improperly shifts the burden of persuasion onto a patent owner

when it accepts a petitioner’s obviousness position without requiring the petitioner

* The cited references from the Patent Owner Response include Segal (Appx6995—-
7005), Nimura (Appx7989-98), and paragraph 64 of Dr. Ghannoum’s Declaration
in support of the Patent Owner Response (Appx6318).

* The cited references from the Petitioner’s Reply include Mertin (Appx3605-12),
paragraph 91 of Dr. Murthy’s Declaration in support of Petitioner’s Reply
EAppx1755—56), and an excerpt from the deposition of Dr. Ghannoum
Appx2181).
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to articulate some reasoning for each step of the argument. See Intellectual Ventures
I1 LLC v. Ericsson Inc., --- Fed. App’x ----, 2017 WL 1380616, at *6 (Fed. Cir. Apr.
18, 2017) (citing In re Magnum Oil Tools, 829 F.3d at 1379). For example, the
petitioner in In re Magnum QOil Tools asserted two grounds of obviousness based on
two primary references, each combined with the same secondary references. 829
F.3d at 1372. The petition presented arguments and evidence related to the first
ground and incorporated that argument by reference to the second ground. Id. The
Board instituted IPR based only on the second ground, and ultimately found the
challenged claims unpatentable. Id. at 1373. This Court reversed the Board for
accepting the petitioner’s incorporated argument without an explanation for “why
borrowing the rationale for combining the first set of references equally applies to
the second set ... .” Id. at 1379. The Court concluded, “Where, as here, it is clear
that the Board did not require the petitioner to support its claim of obviousness by a
preponderance of the evidence, we must reverse.” Id. at 1378-79.

The Board here improperly shifted the burden of proving Claim 6’s
nonobviousness onto Anacor. In at least two respects, the Board’s conclusions
rested not on the Petitioner’s presentation of evidence in support of an argument, but

rather on whether Anacor sufficiently disproved that argument.
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A.  The Board improperly required Anacor to prove that tavaborole’s
activity against C. albicans does not provide a reasonable
expectation of activity against dermatophytes.

The Board found Claim 6 obvious based on the newly presented argument in
Petitioner’s Reply that a POSA would have reasonably expected tavaborole to
possess activity against clinically relevant dermatophytes because Austin discloses
the compound’s activity against industrial strains of C. albicans. Appx30-31,
Appx39. The Board found that “the weight of the evidence” favored Petitioner’s
position that a POSA “would have had a reasonable expectation that a compound
with activity against C. albicans would also have activity against dermatophytes.”
Appx30, Appx31. But this is the wrong question. Petitioner had the burden of
proving that a POSA would have expected tavaborole to have similar activity against
both C. albicans and dermatophytes, and Petitioner never made this showing.

The record provides no basis to conclude that tavaborole’s activity against
dermatophytes would be expected. The record shows that at least seven different
biological mechanisms of action were known for existing antifungals in 2005.
Appx6305-11. Petitioner’s expert Dr. Murthy testified that there are exceptions to
his assertion that activity against C. albicans predicts dermatophyte activity
(Appx1757) but “[i]t’s hard to predict exceptions.” Appx10236. Despite this record,
the Board did not require proof from Petitioner of which mechanism of action would

have been expected for tavaborole, which mechanisms kill both dermatophytes and
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C. albicans, or even of whether tavaborole is more like ketoconazole (which is more
active against C. albicans) or the tertiary amine antifungals (which may be more
active in dermatophytes).

The limited evidence on this point cited by the Board relates to compounds
other than tavaborole, which do not contain boron. First, the Board cited two
examples of tertiary amine antifungals, amorolfine and terbinafine, which are active
against both C. albicans and dermatophytes. Appx30. The Board accepted these
examples in isolation and did not require proof that a POSA would have considered
the activity of either amorolfine or terbinafine to correlate with the activity of
tavaborole. See id. Second, the Board relied on the statement “[d]ermatophytes are
usually more sensitive towards antimycotics than yeasts” that appeared only in a
reference identified in Petitioner’s Reply. Id. The Board did not consider the
exceptions to the statement, did not explain why the statement might apply to
tavaborole, and did not consider whether the statement applies to all yeasts,
including C. albicans. The Board simply acceded to Petitioner’s position without
considering tavaborole.

Thus, the Board erred under In re Magnum Oil Tools because it assumes
Petitioner’s position without supporting evidence. See 829 F.3d at 1379.
Consequently, the Board improperly shifted the burden of persuasion onto Anacor,

and the Board’s decision should be reversed for this reason. See id.
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B. The Board improperly required Anacor to prove that potency
against C. parapsilosis is unrelated to potency against C. albicans.

The Board also inappropriately shifted the burden of proving that the
compounds of Austin and Freeman possess “similar functional activities.” The
Board found Claim 6 obvious under Ground 2 because it was “persuaded that a
person of ordinary skill in the art would have had a reason to combine [Austin and
Freeman] in light of the structural similarities (i.e., both are boron heterocycles) and
the similar functional activity against Candida species.” Appx39 (emphasis
added). Under the Board’s reasoning, the compounds of Austin and Freeman
possess some “structural differences,” but a POSA would still have had a motivation
to combine the references with a reasonable expectation of success because Austin’s
disclosure that benzoxaboroles have activity against an industrial strain of C.
albicans is essentially equivalent to Freeman’s disclosure of activity against C.
parapsilosis. Appx39, Appx40-41. However, the FWD cites no prior-art evidence
supporting the position that these two activities are in any way similar. See Appx41.
There was no such evidence in the record.

The Petition and the Reply do not even use the word parapsilosis, and simply
argue, “A person of ordinary skill in the art would have expected the 5-fluoro
benzoxaborole [of Austin], which shares functional activity with the compounds of
Freeman (the inhibition of fungus responsible for onychomycosis), would likely

have had other activities in common as well, i.e., the inhibition of additional fungi
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responsible for onychomycosis.” Appx151 (citing Ex. 1008 (Murthy Decl.) {1 133).
The cited passage from the Murthy Declaration is also a conclusory assertion using
nearly identical language. See Appx1237. In any event, Dr. Murthy is not a
mycologist. Appx5230 (“Mycology is not my expertise.”).

In fact, Anacor showed that C. parapsilosis is not “a fungus responsible for
onychomycosis.”  Appx6293-94 (a POSA would have understood that C.
parapsilosis is a common contaminant and not a causative agent of onychomycosis);
see also Appx412-13. Dr. Ghannoum also presented the Nguyen reference (EX.
2096), which shows that at least one drug, in this case fluconazole, is active against
certain species of Candida but has no activity against certain others. Appx6311-12.
Dr. Ghannoum, the only mycologist to testify in the case, concluded that the
“antifungal activity of individual compounds is complex and unpredictable.”
Appx6312.

In the face of Dr. Ghannoum’s testimony, the FWD cites the *621 Patent itself
for the proposition that C. parapsilosis is a target organism of the claimed invention.
Appx41. The Board cannot rely on the disclosure of the 621 Patent to show what a
POSA would have known at the time of the invention. W.L. Gore Assocs., Inc. v.
Garlock, Inc., 721 F.2d 1540, 1553 (Fed. Cir. 1983) (“To imbue one of ordinary skill
in the art with knowledge of the invention in suit, when no prior art reference or

references of record convey or suggest that knowledge, is to fall victim to the
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insidious effect of hindsight syndrome wherein that which only the inventor taught
IS used against its teacher.”).

The Board also cites Anacor’s allegedly unpersuasive response to a question
during oral argument to discredit Dr. Ghannoum. Appx41 (“[Anacor’s response]
does not answer the question of whether a person of ordinary skill in the art would
have expected a compound that is active against one species of Candida to be active
against another species of Candida.”). But it was not Anacor’s burden to answer
that question; it was Petitioner’s. See In re Magnum Oil Tools, 829 F.3d at 1379.
With no evidence in the record showing that activity against C. albicans and activity
against C. parapsilosis are “similar functional activities,” the Board improperly
shifted the burden onto Anacor to disprove the relationship. Just as in In re Magnum
Oil Tools, the FWD here is also tainted by an improper burden shift, and it should
be reversed. See id.

I1l. The FWD should be reversed because the Board’s obviousness theory

lacks a rational underpinning and is not supported by substantial
evidence.

“[T]here must be some articulated reasoning with some rational underpinning
to support the legal conclusion of obviousness.” KSR Int’l Co. v. Teleflex Inc., 550
U.S. 398, 418 (2007) (citing In re Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006)). With
pharmaceutical innovations, structural similarities and differences between prior-art

compounds typically drive the analysis of a POSA’s motivation to combine

36
FlatWing Ex. 1043, p. 45



Case: 17-1947  Document: 19 Page: 46 Filed: 08/04/2017

references and reasonable expectation of success in doing so. See, e.g., In re
Grabiak, 769 F.2d 729, 731 (Fed. Cir. 1985) (“When chemical compounds have very
close structural similarities and similar utilities, without more a prima facie case may
be made.”) (quotations and citations omitted).

The law’s focus on chemical structure makes scientific sense. Medicinal
chemistry is guided by the principle that structure begets function, and thus, it
follows that a POSA may expect similarly shaped compounds to have similar
pharmacologies. The record in this case supports the traditional view of medicinal
chemistry that a compound must have a precise structure to interact with a biological
target, just like “the interaction between a lock and key.” Appx6209. The
compound’s structure also directly influences numerous other properties, such as
solubility and metabolic stability, which also contribute to the overall efficacy of the
compound. See Appx6209-10, Appx6220-22. Consequently, there is a rational
underpinning for determining obviousness based on structural similarities. See
Daiichi Sankyo Co, Ltd. v. Matrix Labs., Ltd., 619 F.3d 1346, 1352 (Fed. Cir. 2010)
(“obviousness under the third Graham factor frequently turns on the structural
similarities and differences between the compounds claimed and those in the prior
art”).

The Board’s obviousness analysis in this case is dramatically different, as it

begins with the acknowledgment that the benzoxaboroles of Austin are structurally
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dissimilar from the compounds disclosed in both Brehove and Freeman. See
Appx21 (“Dr. Kahl agrees that there are obviously structural differences”); Appx39
(“we agree there are structural differences”). Nevertheless, according to the Board,
a POSA will be motivated to combine references disclosing structurally dissimilar
compounds, and will have a reasonable expectation of success in doing so, as long
as the compounds display some structural similarity and one “similar functional
activity.”  Appx39; see also Appx21-22. This theory lacks a “rational
underpinning” under KSR because the Board has not, and cannot, explain the
fundamental scientific principles at its core.

For example, the Board does not delimit the extent of structural similarity that
IS necessary under this theory. As described below, the Board hints that the
structural similarity in this case is the presence of boron atoms, but if so, the Board
fails to explain why a single atom in common would have contributed to an
expectation of similar antifungal activity. In addition, one is left to guess how a
“similar functional activity,” in this case activity against Candida species, would
lead a POSA to ignore the clear structural dissimilarities that would typically guide
a medicinal chemist’s analysis. Without a scientific rationale, the Board’s reliance
on one “similar functional activity” despite significant structural differences lacks a
rational underpinning, and the Board’s conclusion of obviousness is legally

erroneous under KSR as a result. See 550 U.S. at 418.
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Moreover, the Board does not apply its flawed theory properly because
substantial evidence does not support a number of the Board’s factual findings.
First, the record does not contain substantial evidence that the compounds of Austin,
Brehove and Freeman possess a meaningful structural similarity. Second, the record
Is devoid of evidence for Ground 2 that the compounds of Austin and Freeman have
an overlapping biological property—i.e., a “similar functional activity.” Third, even
If a POSA were to combine Austin and Freeman as Petitioner suggested, substantial
evidence does not show why a POSA would have reasonably expected Austin’s
benzoxaboroles to have activity against dermatophytes when one of the two
allegedly similar compounds from Freeman is inactive against dermatophytes.
Thus, not only does the FWD fail to provide a rational underpinning for its theory
of obviousness, it also fails to present substantial evidence in support of its key
factual findings. For either reason, the Board should be reversed.

A.  Substantial evidence does not support the conclusion that the

compounds of Austin are “structurally similar” to the compounds
of Brehove and Freeman.

The Board maintains that relevant structural similarities exist between the
compounds of Austin, Brehove, and Freeman. See Appx21, Appx39. This assertion
IS not supported by substantial evidence. Instead, the evidence of record
overwhelmingly supports the opposite conclusion that the compounds are

structurally dissimilar. In addition, the record demonstrates that a POSA would have
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expected the structural differences to result in significant biological and chemical
differences between the compounds of Austin, Brehove and Freeman. Since the
Board counters this evidence with nothing more than conclusory statements and
factual inaccuracies, the Board’s decision is not supported by substantial evidence
and should be reversed.

1. Petitioner did not disagree that the compounds of Austin

possess structural differences from the compounds of
Brehove and Freeman.

A simple comparison illustrates that the benzoxaboroles of Austin possess
numerous structural differences from either Brehove’s dioxaborinanes or Freeman’s

boronic acids.

Compounds disclosed in Austin Compounds disclosed in Brehove
. (o) o
A, X
| /0 general structure of the o~ o o~ SO
L B compounds in Austin. 2.2’ -(1-methyltrimethylene dioxy)bis-

| 2z ; .
¥ See Ex. 1002 at 2:5-9. (4-methyl-1,3,2-dioxaborinane)

‘\B/ \B/ ~/
pH tavaborole: one of millions

B of preferred b borol
\ preicrre CNZ0Xaboroles. -
/@L/O See Ex. 1002 at 3:40-4:10; o Oxybi;.@ 4b6 t.“methyl 1.3.2-
F ioxaborinane)

Pet. at 17.

See Ex. 1003 at §[0017]; Pet. at 19.

Appx265.
It is undisputed that Austin’s benzoxaboroles belong to an entirely different

class of compounds than Brehove’s dioxaborinanes. Appx408-09. Patent Owner’s
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expert, Dr. Reider, enumerated numerous structural differences that distinguish
benzoxaboroles from dioxaborinanes, including a carbon-boron bond, fewer oxygen
atoms bound to the boron atom, a five-membered boron-containing ring instead of a
six-membered ring, and the presence of a flat and unusually stable aromatic ring.
Appx6258-60, Appx6191. Petitioner’s chemistry expert, Dr. Kahl, agreed that the
compounds of Austin and Brehove are “obviously not structurally similar.”
Appx5986; see also Appx5985 (agreeing that a POSA in 2005 would consider the
structures to be different); Appx10054-55, Appx10082 (confirming that Kahl Dep.
exhibits 42 and 43 are the dioxaborinanes of Brehove, and Kahl Dep. exhibit 70 is

tavaborole).

Appx280.
Similarly, the evidence of record shows that Freeman’s boronic acids belong
to a different structural class of compounds than Austin’s benzoxaboroles. See, e.g.,

Appx422-23.  Benzoxaboroles differ from boronic acids at least because
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benzoxaboroles possess a planar bicyclic ring structure instead of a monocyclic
system, fewer B—-OH groups, and a boron-containing heterocycle instead of an
acyclic boron-containing group. Appx6268; Appx282. Again, Petitioner’s
chemistry expert and the Board agreed that the structures have differences.
Appx6003-04 (also noting the different number of B-OH groups); Appx39 (“We
agree there are structural differences”).
2. The Board ignored evidence from both parties that a POSA
would have expected structural differences between the

compounds of Austin, Brehove and Freeman to cause those
compounds to exhibit different biological activities.

The record shows that a POSA would have expected small structural changes
to cause significant variation in chemical and biological properties. Petitioner’s
chemistry expert provided an ideal illustration of this point using the structural
differences between the compounds of Austin and Freeman. Dr. Kahl contrasted the
relative structural rigidity of Austin’s benzoxaboroles due to their boron-containing
ring system with the acyclic boron-containing functional groups in Freeman’s
boronic acids, and he concluded that a POSA would have therefore expected
Freeman’s compounds to interact differently with biological molecules.
Appx1692-93 (“The single boron-carbon bond [in Freeman’s compounds] allows
the boron to rotate freely about the carbon bond. The ability of the B(OH)2 group
to rotate freely around the boron-carbon bond allows the boron to take a greater

number of potential configurations and therefor [sic] interact with a greater

42
FlatWing Ex. 1043, p. 51



Case: 17-1947  Document: 19 Page: 52 Filed: 08/04/2017

number of other molecules [than Austin’s compounds].”) (emphasis added); see
also Appx6268 (noting that the B—-OH groups in Freeman’s compounds “can spin
like a propeller in three-dimensional space,” unlike Austin’s compounds). Dr. Kahl
also explained that a POSA would have expected phenyl boronic acids, such as those
in Freeman, to be more water soluble than the benzoxaboroles of Austin because
benzoxaboroles possess fewer hydroxyl groups. Appx6008.

These explanations are wholly consistent with the evidence adduced by
Anacor. See, e.g., Appx6220-22 (“even small changes in the structure of a
compound can drastically alter not only the compound’s potency, but also other
properties, including stability, solubility, selectivity, toxicity, absorption,
distribution, metabolism, and excretion”). Anacor’s chemistry expert, Dr. Reider,
concluded that the substantial structural differences between the compounds of
Austin, Brehove and Freeman would have led a POSA to expect “different functional
properties such as pharmacokinetics, pharmacodynamics, water solubility, stability
and nail permeability, to name a few.” Appx6258-59, Appx 6268-69; see also
Appx379.

3. The Board failed to show by substantial evidence that the

compounds of Austin, Brehove and Freeman are
“structurally similar.”

The FWD concludes that, despite the significant structural differences

described above, a POSA would have recognized some meaningful structural
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similarity. The Board, however, never identifies that similarity and relies on
conclusory assertions and factual inaccuracies to support its position. This is not
substantial evidence. See In re Gartside, 203 F.3d at 1312 (“Substantial evidence is
more than a mere scintilla.”) (quotation omitted); In re Beasley, 117 F. App’x at 744
(“the Board must point to some concrete evidence in the record”) (quotation
omitted).

First, for the combination of Austin and Brehove, the Board simply states, “We
are persuaded, however, by Dr. Murthy and Dr. Kahl’s testimony that the
combination of structural similarities and the similar fungicidal activity against C.
albicans would have led a person of ordinary skill in the art to combine Brehove’s
method of treating onychomycosis using Austin’s tavaborole instead of BioBor.”
Appx21 (emphasis in original) (citing Appx 1221-23 (Ex. 1008 (Murthy Decl.) 11
93-95); Appx1158 (Ex. 1006 (Kahl Decl.) 1 38); Appx1160 (Ex. 1006 (Kahl Decl.)
1 43)). But apart from the conclusory assertion of some structural similarities, the
Board’s decision does not actually identify a shared structural feature between the
compounds of Austin and Brehove that supports its conclusion.

Second, the Board’s support for its conclusion of structural similarities
between the compounds of Austin and Freeman is factually incorrect. The Board
states, “Although we agree there are structural differences, as above, we are

persuaded that a person of ordinary skill in the art would have had a reason to
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combine the references in light of the structural similarities (i.e., both are boron
heterocycles) and the similar functional activity against Candida species.” Appx39
(citing Appx148 (Petition at 46)) (emphasis in original). But Freeman’s compounds
are not boron heterocycles, and no party has argued that they are. See Appx6268;
Appx5152 (Dr. Kahl explaining that a phenyl boronic acid as in Freeman is not a
heterocycle). Consequently, the Board’s conclusion of structural similarities
between Austin’s benzoxaboroles and Freeman’s boronic acids lacks any evidence,
much less substantial evidence.

The Board’s citations to the Petition and expert declarations do not overcome
the dearth of evidence of structural similarities, because the cited passages of those
documents are themselves conclusory. The only structural similarity disclosed in
the citations is the fact that Austin’s benzoxaboroles, Brehove’s dioxaborinanes and
Freeman’s boronic acids are all “boron-based compounds.” Appx148 (Petition at
46); Appx 1221-23 (Ex. 1008 (Murthy Decl.) 11 93-95); Appx1158 (Ex. 1006 (Kahl
Decl.) 1 38)°; see also Appx5748-49 (Petitioner’s expert Dr. Kahl conceding that
his use of the term “boron-based compounds” was “[p]robably a poor choice of

words,” and he really meant “boron-containing compounds™). None of the Board’s

> The Board also cited paragraph 43 of the Kahl declaration (AppxllGOR to support
the argument that the compounds of Austin and Brehove are “structurally similar,”
but ;[]hls paragraph is irrelevant because it describes Freeman’s compounds, not
Brehove’s.
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citations to the Petition or the declarations includes evidence, or even an explanation,
for why a POSA would understand “boron-based compounds” to be structurally
similar enough that the properties of one could be extrapolated to all members of the
class. Indeed, no record evidence supports the notion that “boron-based
compounds” all behave in a similar manner. To the contrary, the undisputed
evidence shows that “there are many distinct classes of boron-containing
compounds.” Appx379 (citing Appx1155 (Ex. 1006 (Kahl Decl.)  30)); Appx1225
(Ex. 1008 (Murthy Decl.) 11 100-01); Appx5880-81 (Ex. 2033 (Kahl Dep. Tr.) at
250:24-251:9) (admitting there are 10-20 classes of organic boron-containing
compounds); Appx6199-6203 (Ex. 2034 (Reider Decl.) 11 38-49)). As described
above, a POSA would have understood that the different structural classes of boron-
containing compounds behave differently. See, e.g., Appx1692-93; Appx6199-
6203.

Accordingly, substantial evidence from the record as a whole does not support
the Board’s finding of structural similarities between the compounds of Austin,
Brehove and Freeman. This error is sufficient on its own for the Court to reverse
the Board’s decision, since it destroys the “structural similarity” prong of the
Board’s theory of obviousness. See Duke Univ. v. BioMarin Pharm. Inc., --- F.
App’x ----, 2017 WL 1458866, at *9, *10 (Fed. Cir. Apr. 25, 2017) (reversing an

obviousness decision for lack of substantial evidence).
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B.  Substantial evidence does not support the conclusion that the
compounds of Austin are “functionally similar” to the compounds
of Freeman.

The second prong of the Board’s two-part obviousness theory considers
whether the proposed combination of references demonstrates a “similar functional
activity.” See Appx39. In Ground 2, the Board found that the overlapping biological
property was “activity against Candida species.” Id. The Board misapplied its
obviousness theory because the record does not demonstrate that a POSA viewed
Austin’s activity against C. albicans as similar, or even related, to Freeman’s activity
against a different yeast, C. parapsilosis.

In fact, the record shows the opposite. The record shows no evidence that a
POSA would have considered an activity against one Candida species as predictive
of activity against a different Candida species.® Rather, Anacor presented evidence
that the activity of different compounds is unpredictable, even between different
Candida species. Appx6311-12. Anacor’s mycology expert concluded that
“antifungal activity of individual compounds is complex and unpredictable.” Id.
(citing Ex. 2090, Ex. 2096, Ex. 2097 and Ex. 2098).

The alleged “similar functional activity” played a vital role in the Board’s

analysis because it counteracted the admitted structural differences between the

® The Board’s assumption of “similar functional activity” without evidence
improperly shifts the burden of disproving the asserted relationship onto Anacor,
as explained in Part I1.B above.
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compounds. Based on structural dissimilarities, a POSA would not have combined
the references with a reasonable expectation that the different compounds would
share properties. But despite this significance, the Board cited no support for the
notion that Austin and Freeman actually disclose “similar functional activity,” and
the Board faulted Anacor for not disproving the relationship. Appx41. Substantial
evidence does not support the Board’s position when the record contains no
evidence.
C.  Substantial evidence does not support the conclusion that the
combination of Austin and Freeman would provide a POSA with a

reasonable expectation of successfully treating dermatophytes
with tavaborole.

The Board’s analysis of Claim 6 under Ground 2 begins with the misstatement
that Anacor “does not separately address the dependent claims [such as Claim 6]
with respect to this ground.” Appx41l. However, Anacor’s Response expressly
addresses a POSA'’s reasonable expectation based on the combination of Austin and
Freeman that tavaborole would have no activity against dermatophytes, as recited in
Claim 6. Appx426. As a result of this oversight, the Board apparently failed to
consider evidence that undercuts the Board’s conclusion that the combination of
Austin and Freeman provides a reasonable expectation of successfully achieving the
invention of Claim 6. When the evidence is considered as a whole, it is clear that

substantial evidence does not support the conclusion that a POSA would have had a
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reasonable expectation of activity against dermatophytes, even if the POSA were to
combine Austin and Freeman. ’

Both the Petition and Petitioner’s expert Dr. Murthy conclude that a POSA
“would have a reasonable expectation that 5-fluoro benzoxaborole [as disclosed by
Austin] would have similar activity to PBA and pentafluorophenyl boronic acid [as
disclosed by Freeman].” Appx1235; Appx149. Assuming that is true (which it is
not), a POSA still would not have had a reasonable expectation of success because
one of the identified comparison compounds—pentafluorophenyl boronic acid—is
Inactive against dermatophytes. Freeman makes clear that pentafluorophenyl
boronic acid has “no effect” against the dermatophyte T. rubrum or any other
microorganism. Appx1099. Similarly, PBA has activity at a concentration of
0.04M, but Petitioner’s expert Dr. Murthy stated that he “would not be very
optimistic” to develop an onychomycosis treatment with an MIC of 0.01M—4 times

more potent than PBA in Freeman. Appx420-21; Appx5552-54.

" Because the Board found a reasonable expectation of success against
dermatophytes based on Austin’s disclosure of activity against C. albicans, as
described above and as argued in Petitioner’s Reply at 23 (Appx778), it is unclear
what limitation of Claim 6 Freeman allegedly discloses. To the extent the Board
relied on Freeman for the limitation “a method of treating an infection in an
animal,” that factual finding also lacks substantial evidence because Freeman, like
Austin, discloses no in vivo data. See Appx371 (citing Appx5304 (Ex. 2032
(Murthy Dep. Tr.) at 346:5-8); Appx422 (citing Appx6243-44 (Ex. 2034 (Reider
Decl.)  137); Appx6266-67 (Ex. 2034 (Reider Decl.) 11 193-94)).

49
FlatWing Ex. 1043, p. 58



Case: 17-1947  Document: 19 Page: 59 Filed: 08/04/2017

In its FWD, the Board does not consider Dr. Murthy’s statement that he would
not be very optimistic with a more potent compound than Freeman’s PBA because
Dr. Murthy added the caveat that molecular size also plays a role in activity.
Appx40. This reasoning only strengthens Anacor’s point because Dr. Murthy
maintains that low molecular weight predicts good nail penetration, but tavaborole
Is heavier than PBA. See Appx151 (citing Appx1237-38 (Ex. 1008 (Murthy Decl.)
1 134)). Thus, under Dr. Murthy’s theory, heavier compounds are less likely to be
effective because they are less likely to penetrate the nail. See Appx1237-38.
Regardless, PBA is only one half of the evidence in the record. The other half is
pentafluorophenyl boronic acid, but the Board failed to consider this compound. As
Anacor’s Response makes clear, Freeman discloses that pentafluorophenyl boronic
acid has no effect against dermatophytes. Appx424-26.

Thus, when the evidence as a whole is considered, a POSA looking at the
activities of PBA and pentafluorophenyl boronic acid in Freeman, as Petitioner
argued, would have expected no more than a 50% chance that tavaborole has activity
against dermatophytes. This is not substantial evidence, see In re Gartside, 203 F.3d

at 1312, and the Board’s decision otherwise should be reversed.
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CONCLUSION

For the reasons above, the Court should reverse the Board’s decision of
invalidity, and remand the case to the Board for an entry of judgment upholding the

patentability of Claim 6 of the *621 patent.®

Dated: August 4, 2017 Respectfully submitted,

By:__ /s/ Michael N. Kennedy
Michael N. Kennedy

Andrea G. Reister

Evan S. Krygowski
COVINGTON & BURLING LLP
One City Center

850 Tenth Street, NW
Washington, DC 20001

Tel: (202) 662-6000

Fax: (202) 662-6291

80n June 12, 2017, the Supreme Court granted certiorari in Oil States Energy
Servs., LLC v. Greene’s Energy Grp., LLC to consider the question of whether IPR
proceedings violate the Constitution. No. 16-712, 2017 WL 2507340 (U.S. June
12,2017). The FWD should also be reversed in the event that the Supreme Court
finds IPR proceedings unconstitutional.
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L. INTRODUCTION

Coalition for Affordable Drugs X LLC (“Petitioner”) filed a Petition
requesting an inter partes review of claims 1-12 of U.S. Patent No.
7,582,621 B2 (Ex. 1001, “the *621 patent”). Paper 1 (“Pet.”). Anacor
Pharmaceuticals, Inc. (“Patent Owner”) filed a Preliminary Response to the
Petition. Paper 17 (“Prelim. Resp.”).

On February 23, 2016, we instituted an inter partes review of claims
1-12 of the 621 patent on two grounds of obviousness. Paper 24 (“Dec.
Inst.”), 15. Patent Owner filed a Response to the Petition. Paper 32 (“PO
Resp.”). Petitioner filed a Reply to Patent Owner’s Response. Paper 47
(“Pet. Reply”).

Patent Owner filed a motion to exclude certain exhibits. Paper 57.
Petitioner filed an opposition (Paper 63) and Patent Owner filed a reply
(Paper 65). Pursuant to authorization from the Board, Patent Owner also
filed an Identification of New Arguments and Evidence in Petitioner’s Reply
(Paper 53) and Petitioner filed a response (Paper 60).!

Patent Owner filed observations on the cross-examinations of
Petitioner’s declarants, Stephen B. Kahl, Ph.D. (Paper 55) and S. Narasimha
Murthy, Ph.D. (Paper 56). Petitioner filed responses to Patent Owner’s
observations. Paper 61 (Kahl); Paper 62 (Murthy).

1 We do not find the arguments identified by Patent Owner to be
impermissible new arguments and evidence in the Reply. Rather, we
determine that the arguments were each in response to those set forth by
Patent Owner in its Response, for the reasons stated by Petitioner. Paper 60,
1-3; 37 C.F.R. § 42.23(b) (“A reply may only respond to arguments raised
in the corresponding opposition or patent owner response.”).

2
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An oral hearing was held on November 3, 2016, a transcript of which
has been entered in the record. Paper 69 (“Tr.”).

We have jurisdiction under 35 U.S.C. § 6(c). This Final Written
Decision is issued pursuant to 35 U.S.C. § 318(a) and 37 C.F.R. § 42.73.

For the reasons that follow, we determine that Petitioner has shown by
a preponderance of the evidence that claims 1-12 of the *521 patent are
unpatentable.

A.  Related Proceedings

Petitioner has filed concurrently two other petitions for inter partes
review of the claims of related U.S. Patent No. 7,767,657 B2 in IPR2015-
01780 and IPR2015-01785. Pet. 5.

B.  The ’621 Patent

The 621 patent relates to boron-containing compounds useful for
treating fungal infections, including infections of the nail and hoof known as
ungual and/or periungual infections. Ex. 1001, Abstract, 1:12-13. One type
of ungual and/or periungual fungal infection is onychomycosis. Id. at 1:15-
17. According to the Specification, current treatment for ungual and/or
periungual infections generally falls into three categories: systemic
administration of medicine; surgical removal of the nail or hoof followed by
topical treatment of the exposed tissue; or topical application of medicine
with bandages to keep the medication in place on the nail or hoof. Id. at
1:17-24.

Each of the approaches have major drawbacks. Systemic
administration of medicine typically requires long-term, high-dose therapy,
which can have significant adverse effects on, for example, the liver and
testosterone levels. Id. at 1:28-45. Surgical treatment is painful and

undesirable cosmetically (or not realistic for animals such as horses). Id. at

3
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1:46-52. And topical dosage forms cannot keep the drug in contact with the
infected area for therapeutically effective periods of time. Moreover,
because of the composition of the nail, topical therapy for fungal infections
have generally been ineffective. Id. at 1:53-2:11. Accordingly, the
Specification states that “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.” Id. at
2:36-39.

The ’621 patent claims a method of treating an infection using 1,3-
dihydro-5-fluoro-I-hydroxy-2, 1-benzoxaborole, which is referred to as
either compound 1 (see id. at 32:10-17) or compound C10 (see id. at 51:55-
61) in the Specification, and has the following chemical structure:

C.  llustrative Claim
Petitioner challenges claims 1-12 of the *621 patent. Claim 1 is
illustrative and is reproduced below:

1. A method of treating an infection in an animal, said method
comprising administering to the animal a therapeutically
effective amount of 1,3-dihydro-5-fluoro-1-hydroxy-2, 1-
benzoxaborole, or a pharmaceutically acceptable salt thereof,
sufficient to treat said infection.

Claims 2-4 and 10 depend directly or indirectly from claim 1 and further
recite specific infections that are treated with the claimed method. Claims 5

and 7 depend from claim 1 and further recite specific animals that are treated,
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including humans. Claims 8 and 9 depend from claim 1 and further recite the
site of administration of the drug. And claims 11 and 12 are independent
claims that are similar to claim 1, but recite a method of treating
onychomycosis in a human (claim 11) and a method of inhibiting growth of a

fungus in a human (claim 12).

D.  Grounds of Unpatentability Instituted for Trial
We instituted trial based on the following grounds of unpatentability:

References Basis Claim(s) challenged
Austin? and Brehove? § 103 1-12
Austin and Freeman* § 103 112

1I. ANALYSIS

A.  Person of Ordinary Skill in the Art

The level of ordinary skill in the art is a factual determination that
provides a primary guarantee of objectivity in an obviousness analysis. A4/-
Site Corp. v. VSI Int’l Inc., 174 F.3d 1308, 1324 (Fed. Cir. 1999) (citing
Graham v. John Deere Co.,383 U.S. 1, 17-18 (1966) and Ryko Mfg. Co. v.
Nu-Star, Inc., 950 F.2d 714, 718 (Fed. Cir. 1991)).

Petitioner asserts that a person of ordinary skill in the art at the time
the *621 patent was filed would have had an advanced degree (Master’s or
Ph.D.) or equivalent experience in chemistry, pharmacology, or
biochemistry, and at least two years of experience with the research,

development, or production of pharmaceuticals. Pet. 23 (citing Ex. 1006

2 Austin et al., WO 95/33754, published Dec. 14, 1995 (Ex. 1002).
3 Brehove, US 2002/0165121 Al, published Nov. 7, 2002 (Ex. 1003).
4 Freeman et al., WO 03/009689 Al, published Feb. 6, 2003 (Ex. 1004).

5
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1 21; Ex. 1008 § 34). Patent Owner asserts that a person of ordinary skill in
the art would have “needed knowledge and experience in several areas:
medicinal chemistry; the development of potential drug candidates suitable
for treating onychomyosis; and in assessing, together with others, the
toxicology, pharmacology, and clinical utility of such candidates, including
parameters relating to transungual penetration.” PO Resp. 21-22 (citing EX.
2034 1 108). Patent Owner further asserts that Petitioner’s definition is
Incorrect because it excludes “necessary expertise in mycology and in
clinical dermatology.” Id. at 22.

Based on the record presented, we hold that the cited prior art is
representative of the level of ordinary skill in the art. See Okajima v.
Bourdeau, 261 F.3d 1350, 1355 (Fed. Cir. 2001) (explaining that specific
findings regarding ordinary skill level are not required “where the prior art
itself reflects an appropriate level and a need for testimony is not shown”)
(quoting Litton Indus. Prods., Inc. v. Solid State Sys. Corp., 755 F.2d 158,
163 (Fed. Cir. 1985)). The cited prior art is consistent with Petitioner’s
broader description of the level of ordinary skill in the art. We are not
persuaded that additional experience in mycology, clinical dermatology,
medicinal chemistry, the development of drug candidates for treating
onychomycosis, and the assessment of the toxicology, pharmacology, and
clinical utility of drug candidates is required, as Patent Owner suggests, as it
Is unclear as to why the claimed subject matter is beyond the abilities of
someone that has Petitioner’s proposed qualifications.

B.  Claim Construction

In an inter partes review, the Board interprets claim terms in an

unexpired patent according to the broadest reasonable construction in light

of the specification of the patent in which they appear. 37 C.F.R. § 100(b);
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Cuozzo Speed Techs., LLC v. Lee, 136 S. Ct. 2131, 2144-46 (2016)
(affirming applicability of broadest reasonable construction standard to inter
partes review proceedings). Under that standard, and absent any special
definitions, we give claim terms their ordinary and customary meaning, as
would be understood by one of ordinary skill in the art at the time of the
invention. See In re Translogic Tech., Inc., 504 F.3d 1249, 1257 (Fed. Cir.
2007). Any special definitions for claim terms must be set forth with
reasonable clarity, deliberateness, and precision. See In re Paulsen, 30 F.3d
1475, 1480 (Fed. Cir. 1994).

In our Decision to Institute, we determined that the broadest
reasonable interpretation of 1,3-dihydro-5-fluoro-1-hydroxy-2,1-
benzoxaborole includes “5-fluoro-1,3-dihydro-1-hydroxy-2,1-
benzoxaborole” and “tavaborole.” Dec. Inst. 6. Neither party contested this
construction during trial. Accordingly, because nothing in the full record
developed during trial persuades us to deviate from our prior construction,
we adopt the construction for purposes of this Decision. For ease of
reference, we refer to the claimed compound as “tavaborole” in this
Decision.

1. “therapeutically effective amount™

Each of the claims of the *621 patent recites administering a
“therapeutically effective amount of tavaborole.” According to Petitioner,
“therapeutically effective amount” means “an amount of the claimed
compound needed to reach the desired therapeutic result.” Pet. 12. Patent
Owner asserts the claim phrase should be construed as expressly defined in
the ’621 patent specification: “‘therapeutically effective’ amount refers to
the amount of drug needed to effect the desired therapeutic result.” PO
Resp. 25; Ex. 1001, 9:57-58.
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Because the *621 patent specification defines the phrase with clarity,
deliberateness, and precision, we determine the broadest reasonable
interpretation of “therapeutically effective amount” is “the amount of drug
needed to effect the desired therapeutic result.” See In re Paulsen, 30 F.3d
at 1480.

C.  Credibility of Petitioner’s Experts

As an initial matter, Patent Owner contends that we should not credit
the testimony of Petitioner’s declarants because they are not qualified to
opine from the perspective of a person of ordinary skill in the art. PO Resp.
21-24. For the reasons that follow, we are not persuaded.

Petitioner relies on the testimony of two declarants: S. Narasimha
Murthy, Ph.D. and Stephen Kahl, Ph.D. Both Dr. Murthy and Dr. Kahl
provide their background and experience in their respective declarations,
along with a curriculum vitae, which provides further detail regarding each
declarant’s experience. Ex. 1008 (Murthy) 11 4-8; Ex. 1009 (Murthy CV);
Ex. 1006 (Kahl) 1 4-8; Ex. 1007 (Kahl CV). For example, Dr. Murthy has
a Ph.D. in pharmaceutics, has been an assistant professor of pharmaceutics
at various universities, and has received research grants relating to the
topical administration of therapeutics, including ungual nail delivery, which
has resulted in 85 publications in peer-reviewed journals. Ex. 1008 {{ 4-8.
Dr. Kahl has a Ph.D. in chemistry, is a professor in the department of
pharmaceutical chemistry at the University of California, San Francisco, has
served as an ad hoc reviewer for 20 journals, and has conducted research
related to bioactive boron molecules that are specifically targeted to
biological systems, which has resulted in over 65 publications in books and

peer-reviewed journals. Ex. 1006 {{ 4-8. Based on these qualifications, we
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determine that the Drs. Murthy and Kahl are competent to opine on the
matters in this proceeding.

Patent Owner contends that there are “huge holes” in the expertise of
Petitioner’s declarants. PO Resp. 23. For example, Patent Owner argues
that Dr. Murthy’s testimony should be disregarded because he allegedly
conceded he is not a chemist. Id. We are persuaded by Dr. Murthy’s
testimony in response that, although he is not a synthetic chemist by
profession, he is an expert in pharmaceutics with extensive coursework in
various fields of chemistry. Ex. 1044 § 10. Patent Owner also argues that
neither declarant is a mycologist or has expertise in treating patients. PO
Resp. 23. As explained above, we do not agree with Patent Owner’s
argument that a person of ordinary skill in the art is required to have
expertise in mycology or clinical dermatology.

Thus, we are not persuaded by Patent Owner’s argument that we
should uphold the challenged claims because Petitioners’ declarants are not
qualified to opine from the perspective of a person of ordinary skill in the art
in this proceeding. Id. at 24.

D.  Principles of Law

To prevail in this inter partes review of the challenged claims,
Petitioner must prove unpatentability by a preponderance of the evidence.
35 U.S.C. § 316(e); 37 C.F.R. § 42.1(d).

A patent claim is unpatentable under 35 U.S.C. § 103(a) if the
differences between the claimed subject matter and the prior art are such that
the subject matter, as a whole, would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which the
subject matter pertains. KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 406
(2007). The question of obviousness is resolved on the basis of underlying

9
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factual determinations, including: (1) the scope and content of the prior art;
(2) any differences between the claimed subject matter and the prior art;

(3) the level of skill in the art; and (4) objective evidence of nonobviousness.
Graham v. John Deere Co., 383 U.S. 1, 17-18 (1966).

“[A] patent composed of several elements is not proved obvious
merely by demonstrating that each of its elements was, independently,
known in the prior art.” KSR, 550 U.S. at 418. “[I]t can be important to
identify a reason that would have prompted a person of ordinary skill in the
relevant field to combine elements in the way the claimed new invention
does.” 1d. Moreover, a person of ordinary skill in the art must have had a
reasonable expectation of success of doing so. PAR Pharm., Inc. v. TWi
Pharms., Inc., 773 F.3d 1186, 1193 (Fed. Cir. 2014).

We analyze the instituted grounds of unpatentability in accordance
with the above-stated principles.

E.  Obviousness over Austin and Brehove

Petitioner asserts that claims 1-12 are unpatentable as obvious over
Austin and Brehove. Pet. 23-42. Petitioner relies on the Declarations of
Stephen Kahl, Ph.D (Ex. 1006) and S. Narasimha Murthy, Ph.D. (Ex. 1008).
Patent Owner opposes Petitioner’s assertion, relying on the Declarations of
Paul J. Reider, Ph.D. (Ex. 2034), Mahmoud A. Ghannoum, Ph.D., E.M.B.A.
(Ex. 2035), Majella Lane, Ph.D. (Ex. 2036), and Howard I. Maibach, M.D.,
Ph.D. (Ex. 2037). PO Resp. 35-54. Based on the full trial record, we
determine that Petitioner has established by a preponderance of the evidence
that claims 1-12 are unpatentable as obvious over Austin and Brehove.

1. Austin (Ex. 1002)
Austin relates to the use of oxaboroles as industrial biocides, and

especially as fungicides for the protection of plastic materials. Ex. 1002,
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Abstract. The Abstract further states that “[p]referred compounds are 5- and
6-fluoro or bromo-1,3-dihydro-1-hydroxy-2,1-benzoxaborole including O-
esters thereof.” Id. Austin notes that it has been found that compounds
containing an oxaborole ring are “particularly effective against micro-
organisms such as bacteria, algae, yeasts and particularly fungi, especially
fungi which cause degradation of plastics materials.” Id. at 1:35-38.

Along with a number of different preferred oxaboroles, Austin
discloses tavaborole as Example 64, as well as the results of a study showing
tavaborole has effective antifungal activity against five different fungi:
Aspergillus niger, Aureobasidium pullulans, Candida albicans (“C.
albicans”), Gliocladium roseum, and Penicillium pinophylum. Id. at 37
(Table 9).

2. Brehove (Ex. 1003)

Brehove relates to the topical treatment of nail infections such as
onychomyecosis caused by bacteria, fungi, and other pathogens. Ex. 1003
1 3. Brehove explains that onychomycosis is a nail disease typically caused
by C. albicans, Trichophyton mentagrophytes, Trichophyton rubrum (“T.
rubrum”), or Epidermpophyton floccusum. Id. 1 5. Brehove states that C.
albicans is the most common pathogen causing onychomycosis. Id. § 18.
Brehove teaches that to be effective for onychomycosis, the topical
treatment should exhibit a powerful potency for pathogens, be permeable
through the nail barrier, and be safe for patient use. Id. § 6. According to
Brehove, “[t]here exists a need in the art for a topical application that
combines these traits in high degree.” 1d.

Brehove states that the “safety and non-toxicity of organo-boron
compounds has been questioned.” 1d. 1 13. On the one hand, Brehove

describes one reference that states that boron compounds are “very toxic,”
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while on the other hand, Brehove describes references that found the toxicity
of a certain boron-containing compound to be “very low” and another
industrial fungicide compound called Biobor® JF to cause “mild irritation.”
Id. 1 14-15.

Biobor® JF contains a combination of 2,2’-(1-methyltrimethylene
dioxy) bis-(4-methyl-1, 3, 2-dioxaborinane) (referred to by Brehove as “S1”)
and 2,2’-oxybis (4, 4, 6-trimethyl-1, 3, 2-dioxaborinane) (referred to by
Brehove as “S2”). Ex. 1003 {1 15, 30. Brehove describes the results of both
In vitro testing of the antifungal activity of S1 and S2 against C. albicans
and in vivo treatment of patients with onychomycosis using S1 and S2. 1d.
1 30-38.

3. Analysis
a. Whether Austin Is Analogous Art

Patent Owner first argues that Petitioner’s arguments fail because
Austin is not analogous art. PO Resp. 27-32. Prior art is analogous if it
either (1) “is from the same field of endeavor, regardless of the problem
addressed,” or (2) “is reasonably pertinent to the particular problem with
which the inventor is involved.” Unwired Planet, LLC v. Google Inc., 841
F.3d 995, 1000 (Fed. Cir. 2016) (quoting In re Clay, 966 F.2d 656, 658-59
(Fed. Cir. 1992)). “A reference is reasonably pertinent if, even though it
may be in a different field from that of the inventor’s endeavor, it is one
which, because of the matter with which it deals, logically would have
commended itself to an inventor’s attention in considering his problem.” In
re ICON Health & Fitness, Inc., 496 F.3d 1374, 1380-81 (Fed. Cir. 2007).

Patent Owner argues that medicinal chemists would not look to
industrial biocides for pharmaceutical leads because the requirements for a

useful biocide are different from the requirements for a useful drug. PO
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Resp. 31 (citing Ex. 2034 {{ 121-126). Patent Owner further asserts that a
person of ordinary skill in the art would have sought out compounds with at
least low in vivo toxicity, high in vivo activity against medicinally relevant
targets, high selectivity, and chemical and metabolic stability. 1d.
Accordingly, Patent Owner contends that a person of ordinary skill in the art
“would have learned from Austin that these characteristics are not relevant to
an industrial biocide.” Id. We are not persuaded.

Based on our review of the complete record, we find that Austin is
reasonably pertinent to the particular problem the inventors sought to solve.
Both the inventors and Austin sought to inhibit microorganisms, including
C. albicans. Ex. 1001, 25:5-55; Ex. 1002, 33:7-38:2. Further, as noted by
Petitioner, a person of ordinary skill in the art would have recognized that
industrial fungicides may have therapeutic uses, including in some cases,
topically treating a human for C. albicans. Pet. 15-17; see, e.g., Ex. 1003
19 14-15, 23, 30-38; Ex. 1021, 2:9-15, 3:12-16, 6:45-50; Ex. 1022, 1:18-
26, 13:32-48; Ex. 1023, 1:25-40, 3:73-4:36; Ex. 1026, 12:52-54, 16:63—
17:46; Ex. 1029, Abstract, 15:12-16:16. For example, Pfiffner® describes its
antifungal compounds as suitable for combating fungi in agriculture and
horticulture, but also as suitable for use in ointments where the active
compound completely prevented the growth of C. albicans in vitro.

Ex. 1026, 12:52-54, 17:9-46. As another example, Grier describes its
compounds as suitable for the treatment of fungal infections caused by C.
albicans and T. rubrum, as well as for industrial applications, such as
mildew-proofing paint. Ex. 1022, 1:18-26, 13:32-48, 17:38-18:45.

> Albert Pfiffner, US 4,202,894, issued May 13, 1980 (Ex. 1026).
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Moreover, Brehove describes the topical use of an industrial
fungicide, BioBor, to treat onychomycosis “without skin irritation or
noticeable side effects.” Ex. 1003 { 24; Ex. 1044 11 50, 52. Brehove also
notes that the materials safety data sheet of BioBor states, “Skin Contact:
May cause slight to mild irritation. Prolonged or repeated contact may dry
the skin and lead to irritation (i.e. dermatitis).” 1d. § 15. Patent Owner and
its declarant assert that Brehove mischaracterizes the dangers associated
with contacting the skin with BioBor based on the product label and other
warnings in the safety data sheet to wear protective clothing and clean the
skin if contact occurs. PO Resp. 32; Ex. 2034 § 155. We do not find those
other warnings identified by Dr. Reider to be inconsistent with or to
outweigh the warning stated in Brehove that BioBor may cause skin
irritation.

Thus, based on the record presented, we find that Austin logically
would have commended itself to the problem facing the inventors of the
"657 patent. See Scientific Plastic Products, Inc. v. Biotage AB, 766 F.3d
1355 (Fed. Cir. 2014); see also In re ICON Health, 496 F.3d at 1379-80
(holding that reference may be reasonably pertinent as analogous art where
the matter it deals with logically would have commended itself to the

inventor’s attention).®

® Petitioner points to a paper published in 2006 by the inventors of the 657
patent that published “their “discovery’ of a ‘new’ boron-containing
compound (tavaborole) for the treatment of onychomycosis,” and “also
reported on the synthesis of benzoxaborole derivatives, including the 7-
fluoro derivative,” which was synthesized using a scheme disclosed in
Austin. Reply 11-12 (citing Ex. 2157, 3, 6). Petitioner argues that the
inventors’ citation to Austin as a reference relied upon during the drug
discovery process “prov[es] that a [person of ordinary skill in the art] would
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b. Independent Claims

Petitioner provides a claim chart identifying where each limitation is
taught in the cited references. Pet. 38-42. We have considered the claim
chart and find that the combination of Austin and Brehove teaches each
limitation of independent claims 1, 11, and 12. For example, regarding
claim 1, Brehove teaches a method of treating an infection in an animal by
disclosing that the invention relates to the treatment of human fingernails
and toenails to cure or prevent the spread of nail infections such as
onychomycosis, caused by bacteria, fungi and other pathogens. Ex. 1003
1 3. Brehove also teaches administering a therapeutically effective amount
of a pharmaceutical composition to the toenail of a patient suffering from
onychomyecosis in an amount sufficient to treat the infection. Id. { 35.
Finally, Austin teaches that tavaborole is effective against C. albicans. Ex.
1002, Abstract, 37 (Example 64).

Patent Owner argues that there is no basis to conclude that a person of
ordinary skill in the art would have selected tavaborole from among the
millions of compounds disclosed in Austin. PO Resp. 33-35. As Petitioner
notes, however, Austin discloses tavaborole (i.e., 5-fluoro benzoxaborole) as
a preferred fungicide. Pet. 27 (citing Ex. 1002, Abstract); Ex. 1006 { 34;
Ex. 1008 1 61. Moreover, of the preferred compounds tested, tavaborole

demonstrated the lowest Minimum Inhibitory Concentration (“MIC”) tested

find Austin directly relevant, and at minimum, analogous art.” Id. at 11.
Additionally, the examiner of the 621 patent application “also
independently identified Austin in 2008 and rejected the pending claims over
Austin.” Id. at 12. Although we do not rely on the inventors’ citation to
Austin or the examiner’s rejection over Austin in finding that Austin is
analogous art, we note that both facts are consistent with our finding.
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(5 ppm) against several pathogens, including C. albicans. Pet. 28; Ex. 1002,
37 (Table 9, Example 64); Ex. 1006  34; Ex. 1008  63. That is, tavaborole
inhibited the growth of C. albicans—which is a cause of onychomycosis—at
the lowest level of concentration. Ex. 1008 1 63-64. Accordingly,
evaluating Austin for all that it teaches, we determine that one of ordinary
skill in the art would have recognized that tavaborole is a preferred fungicide
for effectively inhibiting C. albicans, which causes onychomycosis.

Patent Owner contends that Petitioner’s argument is flawed because
Austin describes tens of thousands of structures as “preferred” and
“particularly preferred,” including the O-esters of 5- and 6-fluoro or bromo-
1,3-dihydro-1-hydroxy-2,1-benzoxaborole. PO Resp. 33-34 (citing Ex.
2034 1 114, 148, 150); Ex. 1002, Abstract. Patent Owner also asserts that a
person of ordinary skill in the art would not select tavaborole among the
many disclosed compounds given that Table 8 identifies numerous
benzoxaborole O-esters with the same MIC of 5 ppm as tavaborole. PO
Resp. 34 (citing Ex. 1002, 5; Ex. 2034 { 151).

We are not persuaded by Patent Owner’s argument. Although Austin
may encompass millions of compounds, Patent Owner’s declarant, Dr.
Reider, testifies that Austin disclosed test results for only sixteen compounds
identified as “preferred compounds”—hnine O-esters from Table 8 and seven
simple benzoxaboroles, including tavaborole, from Table 9. Ex. 1048,
304:4-308:11. We are persuaded that a person of ordinary skill in the art
would have looked to compounds in Table 9 over the O-esters of Table 8
because the Table 9 compounds have a lower molecular weight that is more
likely to penetrate the nail. Pet. Reply 14-15; Ex. 1043 {1 10-11; Ex. 1044
11 44-45.
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During oral argument, Patent Owner argued that because almost all of
the “particularly preferred” compounds of Table 8 have the lowest MIC for
C. albicans and an average molecular weight of 219 Da, which is less than
the molecular weights of the compounds of Brehove and Freeman, a person
of ordinary skill in the art would turn to the compounds of Table 8, rather
than Table 9, when reading Austin as a whole. Tr. 24:11-29:16. Even if
true, we do not find Patent Owner’s argument detracts from what Austin
reasonably suggests to a person of ordinary skill in the art. See Merck & Co.
v. Biocraft Labs, Inc., 874 F.2d 804, 807 (Fed. Cir. 1989) (“That the [prior
art] discloses a multitude of effective combinations does not render any
particular formulation less obvious.”). In other words, that Austin also
points to the compounds of Table 8 does not preclude a person of ordinary
skill in the art from considering tavaborole when reading Austin as a whole.
See id. (“[1]n a section 103 inquiry, ‘the fact that a specific [embodiment] is
taught to be preferred is not controlling, since all disclosures of the prior art,
including unpreferred embodiments, must be considered.””) (quoting In re
Lamberti, 545 F.2d 747, 750 (CCPA 1976)). This is particularly true where
tavaborole has a lower molecular weight than the compounds of Table 8 and
was the most effective against C. albicans of the preferred compounds in
Table 9.

In sum, Austin teaches that tavaborole was known as a preferred
fungicide that was effective against C. albicans. Although Austin describes
a broad class of preferred compounds, Austin tested only sixteen of its
preferred compounds where nine of the sixteen compounds were “O-esters”
in Table 8 and seven of the sixteen compounds, including tavaborole, were
listed in Table 9. Ex. 1002, Abstract, Tables 8 and 9; Ex. 1048, 304:4—
308:11. Of the preferred compounds tested with the most potent activity,
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tavaborole was the simplest and lowest molecular weight compound, which,
as explained further below, is the most important factor in predicting
whether a molecule will penetrate a nail plate. Ex. 1043 9 10-11; Ex. 1044
1M1 44-45. Accordingly, we find that a person of ordinary skill in the art
would have chosen tavaborole as a potential candidate for treating
onychomycosis. Pet. Reply 15; Ex. 1043 § 10-11; Ex. 1044 1 44-47.

Patent Owner also argues that neither reference discloses
“administering to the animal [or human] a therapeutically effective amount
of [tavaborole],” as required by each claim. PO Resp. 35-36. We are not
persuaded. Patent Owner attacks each reference separately and does not
acknowledge what the art fairly teaches in combination. In re Merck & Co.,
800 F.2d 1091, 1097 (Fed. Cir. 1986) (stating the prior art “must be read, not
in isolation, but for what it fairly teaches in combination with the prior art as
whole). Here, Austin and Brehove together suggest administering to a
human a therapeutically effective amount of tavaborole.

The parties also dispute whether a person of ordinary skill in the art
would have had a reason to combine Austin and Brehove to reach the
claimed invention with a reasonable expectation of success. We determine
that Petitioner has shown that it would.

In particular, we are persuaded by Petitioner’s detailed explanation
supported by the testimony of its two declarants as to why a person of
ordinary skill in the art would have administered Austin’s tavaborole in
Brehove’s method of treating onychomycosis with a reasonable expectation
of success. Pet. 31-38. Specifically, Petitioner asserts that a person of
ordinary skill in the art would have combined Austin and Brehove because:

(1) both references teach the use of boron-based compounds as
fungicides; (2) both references also disclose the use of boron-
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based compounds to specifically inhibit Candida albicans,
which is one of the fungi responsible for onychomyecosis; and (3)
Austin discloses boron-based compounds that have lower
molecular weight than the successful compounds of Brehove and
are therefore likely to effectively penetrate the nail barrier.

Pet. 31 (citing Ex. 1006 11 33-34, 36; Ex. 1008 11 86, 93-96, 116).

In response, Patent Owner first argues that an ordinary artisan would
not have found Brehove credible and, therefore, would not have combined it
with Austin with a reasonable expectation of success. PO Resp. 36—40.
Specifically, Patent Owner criticizes Brehove for failing to provide further
details regarding the in vivo tests and data described in Brehove. Id. at 37—
39. For example, Patent Owner argues that Brehove does not confirm the
clinical diagnosis of onychomycosis through laboratory analysis of the
microorganisms causing the onychomycosis. Id. at 37. Nor does Brehove
discuss the facts that, according to Patent Owner and its declarants, jet fuel
additives have no relevance to onychomycosis, BioBor has safety warnings
on its label and materials safety data sheet, and BioBor was shown to be
ineffective in vitro in a different study. Id. at 37-38 (citing Ex. 2035 {1 26—
27,106-108, 113). Moreover, Patent Owner argues that Brehove
inaccurately reports the toxicity of another boron-containing dioxaborinane
called tolboxane, and is incorrect when it stated C. albicans is “the most
common pathogen causing onychomyecosis.” Id. at 38-39. Finally, Patent
Owner asserts that a person of ordinary skill in the art would have
understood Brehove’s examples to be prophetic and do not constitute data
that would provide a reasonable expectation of success. Id. at 39-40.

We are not persuaded that a person of ordinary skill in the art would
not have considered Brehove to be a credible reference. There is no

requirement, as Patent Owner suggests, that Brehove provide details
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regarding background tests, data, and long-term toxicity reports, to be
credited as results by a person of ordinary skill in the art. See PO Resp. 37
(pointing to Dr. Murthy’s testimony that he would ask for underlying data
“if one of his graduate students were to hand him the Brehove disclosure as a
draft academic paper”) (citing Ex. 2032, 599:9-15). Brehove is a patent
application that does not need to meet the standard of a peer-reviewed
academic article. It is well settled that a reference may be relied upon for all
that it would have reasonably suggested to one having ordinary skill in the
art. Merck, 874 F.2d at 807.

Having reviewed the complete record, we find that Brehove
reasonably suggests administering Biobor to treat onychomycosis. We are
persuaded by Dr. Murthy’s testimony that it is reasonable to assume that
where Brehove states a volunteer “has onychomycosis,” that the volunteer
was diagnosed before treatment. Ex. 1044 51 (citing Ex. 1003 {{ 34-38).
Dr. Murthy explains why this belief is reasonable, stating Brehove describes
symptoms in the patients that are associated with onychomycosis, such as
detachment of the nail from the nail bed. Id. Similarly, we credit Dr.
Murthy’s testimony that where Brehove states the compositions “are
effective in curing the onychomycosis without skin irritation and evidence
side effects,” he takes those statements to be true. Id. §52. Dr. Murthy’s
belief is reasonable in light of Brehove’s description of the “clear zone in the
treated nail,” which is similar to observations made by others, including the
inventors. Id. (citing Ex. 1003 11 34-38; Ex. 1066, 2; Ex. 2001, 5; Ex. 2065,
943). As such, we are not persuaded that the alleged inaccuracies,
unexplained data, and prophetic examples identified by Patent Owner (PO

Resp. 37-39) detract from these teachings of Brehove.
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Patent Owner then argues that there would have been no reason to
combine Austin and Brehove. PO Resp. 41-50. Specifically, Patent Owner
contends that because Austin and Brehove concern structurally different
compounds, a person of ordinary skill in the art “would not assume (without
reliable tests) that data generated in connection with one class of compounds
would be applicable to a different compound class.” Id. at 41-42. Patent
Owner also argues that neither reference provides guidance about treating
onychomyecosis caused by dermatophytes, which represents over 90% of
onychomycosis cases. Id. at 43-47. Patent Owner further argues that
because transungual penetration is difficult, and because Austin and Brehove
do not provide any guidance on transungual penetration, a person of
ordinary skill in the art would not have had a reason to combine the
references or a reasonable expectation of success in doing so. Id. at 47-50.

Taken as a whole, the evidence of record persuades us that a person of
ordinary skill in the art would have had a reason to combine Austin and
Brehove. Petitioner’s declarant, Dr. Kahl agrees that there are obviously
structural differences between the dioxaborinanes of Brehove and the
benzoxaboroles of Austin. Ex. 1043 { 25. We are persuaded, however, by
Dr. Murthy and Dr. Kahl’s testimony that the combination of the structural
similarities and the similar fungicidal activity against C. albicans would
have led a person of ordinary skill in the art to combine Brehove’s method
of treating onychomycosis using Austin’s tavaborole instead of BioBor. EX.
1008 (Murthy) 11 93-95; Ex. 1006 (Kahl) 11 38, 43. We acknowledge
Patent Owner’s argument that small structural differences can cause
different biological actions and activities. PO Resp. 41-42 (citing Ex. 2034
190); see also Ex. 2034 11 91-93. But we are persuaded that a person of

ordinary skill in the art would have been less concerned about the possibility
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of differences in biological function given Brehove and Austin’s disclosure
confirming that BioBor and tavaborole have similar fungicidal activity
against C. albicans. In that regard, Austin’s disclosure of tavaborole as a
fungicide effective against C. albicans would have recommended its use for
that purpose in treating onychomycosis. Of the seven preferred compounds
tested in Austin’s Table 9, tavaborole had the lowest tested anti-fungal
activity against C. albicans and had the lowest molecular weight, which
made it the first and best compound to select for treatment of
onychomyecosis. Ex. 1043 1 10-11; Ex. 1044 1 44-45.

We are also not persuaded that a person of ordinary skill in the art
would not look to Austin because it only reports activity against C. albicans,
which causes a very small percentage of onychomycosis cases. PO Resp.
43-47. Although dermatophytes cause about 90% of onychomycosis cases,
the parties agree that onychomycosis can be caused by yeast (such as C.
albicans). Ex. 1008 { 49; Ex. 2035 11 22, 28. We are not persuaded by Dr.
Ghannoum’s testimony that a person of ordinary skill in the art seeking to
develop a formulation for the treatment of onychomycosis “would have been
interested only in antifungal agents having demonstrated efficacy against
dermatophytes, particularly T. rubrum, and efficacy only against C. albicans
would have been inconsequential.” Ex. 2035 { 35 (emphasis added); see
also id. 11 108-114. Brehove belies Dr. Ghannoum’s assertion, as it relates
to the treatment of onychomycosis and focuses on inhibiting C. albicans
rather than the dermatophyte T. rubrum. Ex. 1003 { 18 (describing the
compositions of the invention as having “powerful potency against Candida
albicans”). Accordingly, we are persuaded that Petitioner has shown

sufficiently that a person of ordinary skill in the art would have had a reason
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to combine Austin’s tavaborole with Brehove’s method of treating
onychomycosis.

Patent Owner also argues that there would have been no reasonable
expectation of success in combining Austin and Brehove. PO Resp. 47-52.
In particular, Patent Owner contests Petitioner’s argument that a person of
ordinary skill in the art would have had a reasonable expectation that
tavaborole would be an effective treatment because of its lower molecular
weight, which would increase the likelihood of penetrating the nail barrier.
Id. at 47-48. Patent Owner characterizes Petitioner’s arguments as a “gross
oversimplification of the many factors that govern whether a given
compound will achieve effective penetration through the nail.” 1d. at 48.
For example, Patent Owner asserts that a person of ordinary skill in the art
would have recognized that a good candidate for transungual delivery would
need to have a low affinity for keratin binding. 1d. at 49 (citing Ex. 2036
127). Because neither Austin nor Brehove provides any data on keratin
binding, Patent Owner argues that a person of ordinary skill would not have
identified tavaborole as a possible transungual candidate. Id. Moreover,
Patent Owner argues that an ordinary artisan would not have expected the
formulations described in Brehove to be effective in transungual delivery,
particularly without information regarding the lipophilicity of tavaborole.
Id. at 49-50 (citing Ex. 2036 {f 51-52).

Having considered the full trial record, we determine that Petitioner
has shown that a person of ordinary skill in the art would have had a
reasonable expectation of success in combining Austin and Brehove.
Tavaborole has a molecular weight of 151.93 Da. Ex. 1008 { 102. The
parties agree the compounds in Brehove that were effective at treating

onychomycosis are in the range of 260-290 Da. Id.; Tr. 26:1-3. Although
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other factors such as lipophilicity, keratin binding, and potency of the
compound may influence transungual drug delivery, we are persuaded by the
well-supported testimony of Dr. Murthy that low molecular weight is the
most important factor in predicting whether a molecule will penetrate the
nail plate, and that the remaining factors described by Patent Owner’s
declarant, Dr. Lane, are of less importance, particularly with a low molecular
weight and low MIC molecule such as tavaborole. Ex. 1008 { 102; Ex. 1044
111 63-64, 78-81. Dr. Murthy cites various references explaining that, “As
expected, molecular size has an inverse relationship with penetration into the
nail plate.” Ex. 1008 § 102 (citing Ex. 1028, “Murdan”); see also Ex. 1044
1 68 (citing Ex. 1065, “Mertin”, 3) (“There was a linear relationship with a
negative slope between the permeability coefficient and the molecular
weight for both the nail plate (generally lower P-values) and the hoof
membrane.”). Dr. Murthy’s testimony is consistent with the specification of
the provisional application to which the *621 patent claims priority, where
the inventors state that “[cJompounds with a molecular weight of less than
200 Da penetrate the nail plate in a manner superior to the commercially
available treatment for onychomycosis.” Ex. 1064 § 6. Accordingly, we
determine that a person of ordinary skill in the art would have had a
reasonable expectation that administering tavaborole topically would
penetrate the nail.

Patent Owner also asserts that concerns about tavaborole’s toxicity
preclude a reasonable expectation of success. PO Resp. 50-52. In light of
the alleged “conventional wisdom” regarding boron’s toxicity and without
any evidence regarding tavaborole’s safety in humans, Patent Owner
contends that a person of ordinary skill in the art would have had no

reasonable basis to believe tavaborole could be used as a pharmaceutical
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formulation. Id. at 51. According to Patent Owner, this is particularly true
where Austin teaches that tavaborole has a wider spectrum of activity
against multiple organisms such as bacteria and algae in addition to fungi.
Id. (citing Ex. 2034 11 119, 124-125); see also id. at 7.

Although the parties have presented ample arguments and evidence
conveying contrary opinions regarding the inherent toxicity of boron-
containing compounds (Pet. 15-21; PO Resp. 7-15; Pet. Reply. 3-10), we
find the weight of the evidence favors Petitioner. For example, we are
persuaded by the 2001 review article by Groziak stating “boron-based agents
[are] clearly visible on the therapeutic horizon,” thereby suggesting such
compounds are not inherently toxic. Ex. 1027,” Abstract. Groziak also
states that “[b]oronic acids are fairly common and easily prepared synthetic
organic compounds” and that no commercially available boronic acid has
been found to be “unusually toxic” to date. Id. at 322. Patent Owner
criticizes Petitioner for failing to report that Groziak also states that “one of
the reasons boron has not been used is because it often forms complexes that
are ‘highly toxic to both bacteria and mammalian cells.”” PO Resp. 15
(citing Ex. 1027, Abstract, 321). But we disagree with Patent Owner’s
characterization of Groziak. Read in its entirety, Groziak states that one
reason boron has been underutilized in therapeutic agents is because “very
few boron-containing natural products are available to serve as an
intellectual spark for medicinal chemists in their drug-design efforts, and to
make matters worse, these turn out to be rather poor models.” Ex. 1027,

321. The reason those boron-containing natural products are poor models is

" Michael P. Groziak, Boron Therapeutics on the Horizon, 8 Am. J.
THERAPEUTICS 321-28 (2001) (Ex. 1027).
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because they form complexes that are highly toxic to bacteria and
mammalian cells. 1d. Thus, Groziak does not state that all boron-containing
compounds are highly toxic, as Patent Owner asserts; Groziak simply
explains why it has been difficult for medicinal chemists to design drugs
using natural boron-containing products as a model.

Moreover, we are persuaded by Dr. Kahl’s testimony that many of the
references cited by Patent Owner and Dr. Reider as demonstrating the
toxicity of boron-containing compounds can be discounted because they
(1) rely on discredited statements regarding toxicity in a 1984 article by
Grassberger® (Ex. 2008), (2) are outdated papers that have been refuted by
more recent research, or (3) relate to administering boron-containing
compounds orally or intravenously, as opposed to topically, as indicated in
Brehove. Ex. 1043 11 12-26. We also note the inventors of the ’621 patent
published a review article in 2009 (“Baker”), citing mostly pre-2005 prior
art, in which they concluded that “boron is not an inherently toxic element.”
Ex. 1056,° 1; Ex. 1043 9 27-30. And, like Dr. Kahl, the inventors
discredited Grassberger’s assertions regarding boron toxicity:

Grassberger et al. cautioned against the potential toxicity
associated with this class and openly speculated that boron
could be involved. However, no toxicity data were published
and no proof (or testable hypothesis) that boron was the origin
of toxicity was offered. A retrospective on Grassberger’s work
then misinterpreted these comments as proof that boron can not

8 Grassberger et al., Preparation and Antibacterial Activities of New 1,2,3-
Diazaborine Derivatives and Analogues, 27 J. Med. Chem. 947-953 (1984)
(Ex. 2008).

% Baker et al., Therapeutic Potential of Boron-Containing Compounds,

1 FUTURE MED. CHEM. 1275-88 (2009) (Ex. 1056).
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be used clinically because of the “inherent toxicity of boron-
containing compounds.”

Ex. 1056, 3.

Moreover, boron’s allegedly “promiscuous” behavior does not
dissuade a person of ordinary skill in the art from considering boron-
containing compounds generally, or tavaborole in particular.
Onychomycosis has multiple causes, such as dermatophytes, yeast, and
molds. Ex. 2035 § 22. As such, we credit the testimony of Dr. Murthy that
broad-spectrum activity would be preferred over limited-spectrum
antifungals to treat the various potential causes of onychomycosis. Ex. 1044
147 (citing Ex. 2070, 422 (“Griseofulvin[’s] . . . effectiveness in
onychomyecosis proved a disappointment since its spectrum of activity is
limited to dermatophytes only . . ..”)).

Taken together, we determine that a person of ordinary skill in the art
in 2005 would have understood that boron-containing compounds generally
were not considered inherently toxic such that they would be excluded from
consideration from topical therapeutic purposes.

Finally, Patent Owner argues that Freeman undermines Petitioner’s
argument that boron-containing compounds with similar structure share
similar functional features. PO Resp. 53-54. According to Patent Owner,
Freeman teaches that phenylboronic acids (PBAs) are ineffective at
inhibiting microorganisms because the disclosed MICs of 3-10 mg/ml are
thousands of times higher than the maximum acceptable concentrations for
potential pharmaceutical products. PO Resp. 53 (citing Ex. 2035 1 127-
131). Thus, Patent Owner argues that, under Petitioner’s theory of
functional similarity, a person of ordinary skill in the art would have

reasonably expected the dioxaborinanes to be ineffective for pharmaceutical
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purposes. Id. at 53-54. To the extent we understand Patent Owner’s
argument, we are not persuaded. Brehove teaches that dioxaborinanes are
effective in inhibiting C. albicans and treating onychomycosis. Ex. 1003
11 33-38. And, as explained above, for an obviousness analysis, prior art
may be relied on for all that it reasonably would have suggested to one of
ordinary skill in the art. Merck, 874 F.2d at 807. Moreover, Petitioner’s
theory is not based on structural similarities alone. Petitioner’s theory is
based on the combination of structural similarity and functional similarity
(i.e., both are active against C. albicans). Thus, we are not persuaded by
Patent Owner’s argument.

Accordingly, having considered the full trial record, we determine that
the combination of Austin and Brehove teaches each limitation of
independent claims 1, 11, and 12, and that a person of ordinary skill in the
art would have had a reason to combine Austin and Brehove with a
reasonable expectation of success.

C. Dependent Claims

For the reasons stated in the Petition and by Dr. Murthy, we are
persuaded that the combination of Austin and Brehove teaches or suggests
each limitation of dependent claims 2-10. See Pet. 39-42; Ex. 1008 1 107-
117. For the same reasons stated above, we determine that a person of
ordinary skill in the art would have had a reason to combine Austin and
Brehove with a reasonable expectation of success. In response, Patent
Owner argues that, at a minimum, Petitioner has a complete failure of proof
as to dependent claim 4, which is limited to treating onychomycosis, and
dependent claim 6, which is further limited to treating tinea unguium (i.e.,
onychomyecosis caused by a dermatophyte). PO Resp. 64. As explained

above, however, we determine that Brehove teaches treating onychomycosis.
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Thus, we reject Patent Owner’s argument as to dependent claim 4. The
question remains, however, whether the combination of Brehove and Austin
teaches or suggests treating onychomycosis caused by a dermatophyte, as
required by dependent claim 6. We determine that it does.

It is undisputed that neither Austin nor Brehove expressly teaches
whether the disclosed compounds exhibit any activity against
dermatophytes. The parties dispute centers on whether a person of ordinary
skill in the art would have understood that the combination of Austin and
Brehove teaches or suggests administering tavaborole to treat
onychomyecosis caused by a dermatophyte with a reasonable expectation of
success.

Petitioner asserts that because both references disclose the inhibition
of C. albicans by boron heterocycles, a person of ordinary skill in the art
would have expected that tavaborole, which shares functional activity with
the compounds of Brehove, would have shared other activities as well, “such
as the inhibition of additional fungi responsible for onychomycosis.” Pet. 35
(citing Ex. 1008 { 101). Brehove discloses that onychomycosis is typically
caused by C. albicans and T. rubrum, among others. Ex. 1003 5. Brehove
also teaches the effective treatment of patients suffering from
onychomycosis. Id. 1 34-38. Thus, Dr. Murthy contends that the in vitro
testing together with the effective treatment of onychomycosis would have
led a person of ordinary skill in the art to reasonably assume that the boron-
containing compounds were effective against both C. albicans and
dermatophytes. Ex. 1044 §53. Patent Owner responds that a person of
ordinary skill in the art could not have predicted activity against
dermatophytes based on activity against a yeast such as C. albicans. PO
Resp. 44 (citing Ex. 2035 { 123).
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We determine that the weight of the evidence favors Petitioner’s
argument. For example, a 1996 paper by Segal*® shows that terbinafine,
which is highly potent against dermatophytes, is also active (albeit less so)
against C. albicans. Ex. 2050, 960. Patent Owner’s declarant Dr.
Ghannoum cites Nimura!! to show that a person of ordinary skill in the art
would have known that ketoconazole has potent antifungal activity against
C. albicans but has poor activity against dermatophytes. Ex. 2035 { 64.
But, as confirmed by Dr. Murthy and Dr. Ghannoum, Nimura also teaches
that amorolfine “exhibited potent antifungal activity against all fungal
species tested,” which included both C. albicans and T. rubrum. Ex. 2105,
175; see also Ex. 1044 § 91; Ex. 1046, 101:5-14. Moreover, although it
does not expressly identify C. albicans as the yeast tested, Mertin!? teaches
that “[d]ermatophytes are usually more sensitive towards antimycotics than
yeasts.” EXx. 1065, 6.

We note that conclusive proof of efficacy is not required to show
obviousness. See Hoffmann-La Roche Inc. v. Apotex Inc., 748 F.3d 1326,
1331 (Fed. Cir. 2014) (“Conclusive proof of efficacy is not necessary to
show obviousness. All that is required is a reasonable expectation of

success.”). As such, in light of the evidence of record, we determine that a

10 Segal et al., Treatment of Candida Nail Infection with Terbinafine, 35 J.
AM. ACAD. DERMATOL. 958-61 (1996) (Ex. 2050).

11 Nimura et al., Comparison of In Vitro Antifungal Activities of Topical
Antimycotics Launched in 1990s in Japan, 18 Intl. J. Antimicrobial Agents
173-78 (2001) (Ex. 2105).

12 Mertin & Lippold, In-vitro Permeability of the Human Nail and of a
Keratin Membrane from Bovine Hooves: Prediction of the Penetration Rate
of Antimycotics Through the Nail Plate and Their Efficacy, 49 J. Pharm.
Pharmacol. 866—72 (1997) (Ex. 1065).
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person of ordinary skill in the art would have had a reasonable expectation
that a compound with activity against C. albicans would also have activity
against dermatophytes, particularly given the teaching that dermatophytes
are usually more sensitive to antimycotics than yeast.

Thus, having considered the full trial record, we determine that the
combination of Austin and Brehove teaches each limitation of claims 2-10
and that a person of ordinary skill in the art would have had a reason to
combine Austin and Brehove with a reasonable expectation of success.

d. Secondary Considerations of Nonobviousness

Factual inquiries for an obviousness determination include secondary
considerations based on evaluation and crediting of objective evidence of
nonobviousness. Graham, 383 U.S. at 17-18. The totality of the evidence
submitted, including objective evidence of nonobviousness, may lead to a
conclusion that the challenged claims would not have been obvious to one of
ordinary skill in the art. In re Piasecki, 745 F.2d 1468, 1471-72 (Fed. Cir.
1984).

Patent Owner argues that the nonobviousness of the claims is
supported by objective evidence of unexpected results, the satisfaction of a
long-felt need, and industry praise. PO Resp. 60—64. As explained further
below, we are not persuaded by Patent Owner’s argument and evidence.

. Unexpected Results

Patent Owner argues that a person of ordinary skill in the art would
not have had any basis for an expectation of success, thereby making the
success of tavaborole unexpected. Patent Owner asserts that the selective
toxicity of tavaborole—i.e., its ability to kill the fungus but not be toxic to
the human host—is over 1000-fold. PO Resp. 60 (citing Ex. 2035 { 139).

Dr. Ghannoum testifies that this is remarkable given the similarities between
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fungal and human cells and the expectation in the art that the oxaboroles of
Austin would be toxic. Ex. 2035 { 1309.

We are not persuaded that Patent Owner has demonstrated that the
selective toxicity of tavaborole was an unexpected result. In particular,
based on Patent Owner’s argument and Dr. Ghannoum’s testimony, we are
unable to ascertain that the results are unexpected. Specifically, Dr.
Ghannoum testifies that a person of ordinary skill in the art would have
understood that a new compound identified as a potential antifungal would
have been expected to be toxic to host cells, unless proven otherwise.

Ex. 2035 § 139. Dr. Ghannoum, however, does not direct our attention to
any credible evidence to support this proposition. For example, although Dr.
Ghannoum cites Alley*® (Ex. 2113) for its teaching of tavaborole selectivity,
Alley does not mention this particular selectivity as surprising or unexpected
but, at best, mentions that specific fungal inhibitors are “less common.”

Ex. 2113, 163 (“Although eukaryotic protein synthesis inhibitors are
common . . ., specific fungal inhibitors are less common because of the
similarity between the fungal and human enzymes involved in protein
synthesis.”).

Further, Dr. Ghannoum does not provide a sufficient explanation as to
how this selectivity represents an alleged unexpected result in light of the
closest prior art of record. That is, “when unexpected results are used as
evidence of nonobviousness, the results must be shown to be unexpected
compared with the closest prior art.” Kao Corp. v. Unilever United States,
Inc., 441 F.3d 963, 970 (Fed. Cir. 2006) (quoting In re Baxter Travenol

13 Alley et al., Recent Progress on the Topical Therapy of Onychomycosis,
16 EXPERT OPIN. INVESTIG. DRUGS 15767 (2007) (Ex. 2113).
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Labs., 952 F.2d 388, 392 (Fed. Cir. 1991)). Here, Patent Owner has not
identified the closest prior art and has therefore not explained sufficiently
why the 1000-fold selective toxicity was unexpected as compared to the
closest prior art or the statistical and practical significance of the selectivity.
Accordingly, we are not persuaded that Patent Owner’s evidence of
unexpected results supports the nonobviousness of the challenged claims or
overcomes the evidence of obviousness presented by Petitioner.

Il Long-Felt Need

“Evidence of a long felt but unresolved need tends to show non-
obviousness because it is reasonable to infer that the need would have not
persisted had the solution been obvious.” WBIP, LLC v. Kohler Co., 829
F.3d 1317, 1332 (Fed. Cir. 2016). “[L]ong-felt need is analyzed as of the
date of an articulated identified problem and evidence of efforts to solve that
problem which were, before the invention, unsuccessful.” Tex. Instruments
v. Int’l Trade Comm’n, 988 F.2d 1165, 1178 (Fed. Cir. 1993). In particular,
the evidence must show that the need was a persistent one that was
recognized by those of ordinary skill in the art. In re Gershon, 372 F.2d
535, 539 (CCPA 1967).

Patent Owner argues that there has been a long-felt need for a safe and
effective topical treatment for onychomycosis, particularly in light of the
serious side effects of oral formulations. PO Resp. 61-62 (citing Ex. 2037
1 37-47). According to Patent Owner, Penlac (ciclopirox) was the only
topical treatment for onychomycosis that had been approved by the FDA as
of 2005, but it was barely more effective than the placebo. Id. at 62 (citing
Ex. 2037 § 52-57). Patent Owner also contends that Loceryl was available
abroad, but was insufficiently effective to gain approval in the United States

and exhibited poor transungual penetration. Id. at 63 (citing Ex. 2037 1 52,
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58). Finally, Patent Owner asserts that many other attempts to develop
topical onychomycosis treatments by other pharmaceutical companies had
failed. Id. (citing Ex. 2037 11 69-77).

Although Patent Owner contends Kerydin met the long-felt need for a
safe and effective topical treatment for onychomycosis, Patent Owner does
not provide persuasive evidence to support its contention. In particular,
what is missing from Patent Owner’s analysis is sufficient and credible
evidence to show Kerydin is more effective than, for example, Penlac.
Patent Owner criticizes Penlac for being barely more effective than the
placebo, but does not say how much more effective Kerydin is. Without that
evidence, we cannot ascertain whether Kerydin satisfied that long-felt but
unmet need. Indeed, Petitioner notes that a 2016 article by Rosen suggests

that Kerydin (tavaborole) has similar efficacy to Penlac (ciclopirox):

Ex. 2062, 6. We recognize that the studies reported in Table 3 were not

conducted using standardized protocols and that the authors stated “each

14 Rosen et al., Antifungal Drugs for Onychomycosis: Efficacy, Safety, and
Mechanisms of Action, 35 Seminars in Cutaneous Medicine and Surgery
S51-S55 (2016) (Ex. 2062). We cite the page numbers provided by Patent
Owner pursuant to 37 C.F.R. § 42.63(d)(2)(i).
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medication must be considered on its own merits in determining which
topical agent to choose for an individual patient.” Id. But even with that
limitation, when asked about the Table 3 data during oral argument, Patent
Owner did not address the similarity of the cure rates between Kerydin
(tavaborole) and Penlac (ciclopirox), or point us to any contrary data
indicating that the efficacy of Kerydin was superior to Penlac. Tr. 44:11—
45:6. Thus, it remains unclear to us whether Kerydin satisfied a long-felt but
unmet need of providing a more effective topical treatment for
onychomycosis.| love

Accordingly, we are not persuaded that Patent Owner’s evidence of
the satisfaction of a long-felt need supports the nonobviousness of the
challenged claims or overcomes the evidence of obviousness presented by
Petitioner.

ii. Industry Praise

Industry praise for an invention may provide evidence of non-
obviousness where the industry praise is linked to the claimed invention.
See Geo. M. Martin Co. v. Alliance Mach. Sys. Int’l LLC, 618 F.3d 1294,
1305 (Fed. Cir. 2010); Asyst Techs., Inc. v. Emtrak, Inc., 544 F.3d 1310,
1316 (Fed. Cir. 2008).

Patent Owner asserts that KERYDIN has received industry praise
directly related to the administration of tavaborole, as claimed in the *621
patent. PO Resp. 63—64. Patent Owner identifies several examples:

e A 2015 article stating, “[tavaborole] offers an important
alternative to [previously] available topical antifungal therapies.”
(Ex. 2060 at 6189.) The article praised tavaborole’s efficacy and
“excellent safety profile,” and described the emergence of
tavaborole as “exciting.” (ld. at 6188-89.)

e A 2016 article praising tavaborole’s nail penetration for being
“40-fold greater than that of ciclopirox after 14 days of

35

FlatWing Ex. 1043, p. 96
Appx35



Case: 17-1947  Document: 19 Page: 97 Filed: 08/04/2017
IPR2015-01776
Patent 7,582,621 B2

treatment.” (Ex. 2061 at 27; Ex. 2037 (Maibach) f 85; see also
Ex. 2063 at 9 (touting tavaborole’s improved nail penetration
compared to ciclopirox).

e A 2016 article reported that the introduction of tavaborole, along
with topical efinoconazole, “expanded the roster of medications
available to more effectively manage onychomyecosis in a wide
range of patients, including those for whom comorbid
conditions, concomitant medications, or patient preference
limited the use of systemic antifungals.” (Ex. 2062 at S53.)

PO Resp. 63-64; see also Ex. 2037 1 81-88 (Dr. Maibach’s testimony
identifying and describing similar articles).

We are not persuaded that the evidence presented demonstrates
industry praise for the invention, as opposed to praise for another alternative
therapy for topical treatment of onychomycosis. The statements cited by
Patent Owner that tavaborole offers “an important alternative” (Ex. 2060,
6189) and “expand][s] the roster of medications available” (Ex. 2062, 6) do
not persuade us that the industry praised the claimed invention. Moreover,
the statement praising tavaborole’s improved nail penetration says little
about whether tavaborole is more effective than ciclopirox. Indeed, as
explained above, from the limited data we have on record, it appears the
efficacy of the two drugs is similar.

Accordingly, we are not persuaded that Patent Owner’s evidence of
industry praise supports the nonobviousness of the challenged claims or
overcomes the evidence of obviousness presented by Petitioner.

4. Conclusion as to Obviousness

Having considered the parties’ arguments and evidence, we evaluate
all of the evidence together to make a final determination of obviousness. In
re Eli Lilly & Co., 902 F.2d 943, 945 (Fed. Cir. 1990) (“After a prima facie

case of obviousness has been made and rebuttal evidence submitted, all the
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evidence must be considered anew.”). In doing so, we conclude that
Petitioner has shown by a preponderance of the evidence that claims 1-12
are unpatentable as obvious over Austin and Brehove.

F.  Obviousness over Austin and Freeman

Petitioner argues that claims 1-12 are unpatentable as obvious over
Austin and Freeman. Pet. 43-56. Patent Owner opposes. PO Resp. 54-60.
Having considered the full trial record, we determine that Petitioner has
established by a preponderance of the evidence that claims 1-12 are
unpatentable over Austin and Freeman.

We incorporate here our earlier findings and discussion regarding the
disclosure of Austin.

1. Freeman (Ex. 1004)

Freeman discloses phenylboronic acid (PBA) and related boronic acid
compounds that are used for treating fungal infections such as
onychomycosis. Ex. 1004, Abstract, § 1. Freeman identifies T. rubrum as
one of the most common dermatophyte causes of onychomycosis. Id. { 8.
Freeman also identifies non-dermatophytes, “especially Candida Sp.,” as
another cause of onychomycosis. Id. According to Freeman, PBAs “have
been found to be particularly useful in treating nail fungal infections.” 1d. |
22.

Freeman also discloses results of in vitro testing of the fungicidal
activity of PBA. Id. 11 31-34. In particular, Freeman notes that PBA
exhibited fungicidal effect on T. rubrum within a concentration range of 5-
10 mg/ml. Id. § 34. Freeman also notes that the compounds tested had a
fungicidal effect on Candida parapsilosis at 10 mg/ml. Id.
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2. Analysis

Petitioner asserts that the combination of Austin and Freeman render
the subject matter of claims 1-12 obvious. Pet. 43— 56. Through claim
charts and Dr. Murthy’s testimony, Petitioner asserts that the combination
teaches each limitation of the claims. Pet. 51-56; Ex. 1008 1 119-24, 138-
46. Patent Owner again argues that Petitioner’s assertions must fail because
(1) Austin is not analogous art, (2) a person of ordinary skill in the art would
have been concerned about the toxicity of boron-containing compounds, and
(3) Austin provides no basis to choose tavaborole to treat fungal infections.
PO Resp. 54-55. For the same reasons stated above, we are not persuaded
by Patent Owner’s arguments.

a. Independent Claims 1, 11, and 12

We are persuaded that the combination of Austin and Freeman teaches
each limitation of independent claims 1, 11, and 12, for the reasons stated by
Petitioner and Dr. Murthy. Pet. 51-52, 55-56. Patent Owner contends that
the combination of Austin and Freeman does not disclose “administering to
the animal [or human] a therapeutically effective amount of [tavaborole].”
PO Resp. 55. We do not find Patent Owner’s argument persuasive, as
Freeman teaches that the present invention relates to methods for treating
fungal infections such as onychomycosis. See Ex. 1004 11 1, 22 (“It has
now been discovered that phenyl boronic acid and derivatives thereof as well
as related boronic acid compounds have fungicidal properties, and that these
compounds are particularly useful in treating fungal infections [and]
particularly useful in treating nail fungal infections.”).

Petitioner also asserts that a person of ordinary skill in the art would

have had a reason to combine Austin’s tavaborole with Freeman’s method of
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treating onychomycosis with a reasonable expectation of success. Pet. 45—
51. Specifically, Petitioner asserts:

(1) both references teach the use of boron-based compounds as
fungicides; (2) both references disclose the use of boron-based
compounds to specifically inhibit Candida albicans or T.
rubrum, which are fungi responsible for onychomycosis; and (3)
Austin discloses boron-based compounds that have structural
similarity to Freeman’s preferred compounds for treating and
inhibiting onychomycosis in humans.

d. at 45-46 (citing Ex. 1008 11 65, 74, 77, 125-27).

For similar reasons stated above with respect to the challenge over
Austin and Brehove, we determine that the weight of the evidence supports
Petitioner’s argument that a person of ordinary skill in the art would have
combined Austin and Freeman to achieve the claimed invention with a
reasonable expectation of success. Patent Owner asserts that a person of
ordinary skill in the art would not combine Austin and Freeman with a
reasonable expectation of success given the structural differences between
tavaborole and PBAs. PO Resp. 55-56. Although we agree there are
structural differences, as above, we are persuaded that a person of ordinary
skill in the art would have had a reason to combine the references in light of
the structural similarities (i.e., both are boron heterocycles) and the similar
functional activity against Candida species. Pet. 46.

Patent Owner again argues that a person of ordinary skill in the art
would have expected tavaborole to be toxic given reports of clinical studies
showing para-fluoro PBA is highly toxic to mice. PO Resp. 57 (citing EX.
2052, 311). For the same reasons stated above, we are not persuaded. And
as noted by Petitioner, the studies in mice are directed to boron neutron
capture therapy for cancer, which one would expect to be toxic. Pet. 23; EX.
1043 11 14-17. Moreover, the studies injected the compound

39

FlatWing Ex. 1043, p. 100
Appx39



Case: 17-1947 Document: 19 Page: 101  Filed: 08/04/2017
IPR2015-01776
Patent 7,582,621 B2

intraperitoneally into the mice, rather than topically. See Ex. 2052, 311
(stating the compound was “injected intraperitoneally””). Even Freeman
recognizes that PBA “is considered harmful if swallowed,” but still teaches
administering the compound topically to treat fungal infections. Ex. 1004
1 28-29. Thus, we are not persuaded that a person of ordinary skill in the
art would have been dissuaded from combining Austin and Freeman because
of toxicity concerns over PBAs.

Patent Owner also argues that Freeman reports fungicidal activity of
PBAs at concentrations much higher than a person of ordinary skill in the art
would have considered to be the upper concentration limits for potential
pharmaceuticals. PO Resp. 57—58 (citing Ex. 2035 { 127-31). Patent
Owner further notes that Dr. Murthy admitted that Freeman teaches poor
antifungal effectiveness for its PBAs. Id. at 58 (citing Ex. 2032, 594:9—
595:4). To start, we disagree with Patent Owner’s characterization of Dr.
Murthy’s testimony. The cited testimony did not specifically address
Freeman. Rather, the line of questioning appears to begin with Patent
Owner’s hypothetical question, “How high is too high?” Ex. 2032, 592:18.
Dr. Murthy answered, with the caveat that it depends on the molecular size.
Id. at 592:23-24. Moreover, Dr. Murthy explained that a person of ordinary
skill in the art would expect compounds with similar structure to exhibit a
similar spectrum of activity against fungi, but not necessarily at the same
concentration. 1d. at 210:25-211:8.

We are persuaded that a person of ordinary skill in the art would have
had a reason to modify Freeman to administer Austin’s tavaborole instead of
PBA in light of the similar chemical structure and the similar activity against
Candida species. Patent Owner argues that a person of ordinary skill in the

art would have known that C. parapsilosis is not a cause of onychomycosis
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and is a contaminant normally found on the hands. Ex. 2035 { 31. We note,
however, that the *621 patent specification identifies C. parapsilosis as a
target microorganism of the invention. Ex. 1001, 25:37. Moreover, at oral
argument, when asked whether a person of ordinary skill in the art would
have expected that a drug that is active against one species of Candida
would not be active against another species of Candida, Patent Owner
directed us to Dr. Ghannoum’s declaration testifying that an ordinary artisan
could not have predicted the activity of a compound against dermatophytes
based on activity of a different fungal organism, such as a yeast. Tr. 31:14—
32:5 (citing Ex. 2035 { 64). That testimony does not answer the question of
whether a person of ordinary skill in the art would have expected a
compound that is active against one species of Candida to be active against
another species of Candida. Thus, we are not persuaded by Dr. Ghannoum’s
testimony.

Accordingly, having considered the full trial record, we determine that
the combination of Austin and Freeman teaches each limitation of
independent claims 1, 11, and 12, and that a person of ordinary skill in the
art would have had a reason to combine Austin and Freeman with a
reasonable expectation of success.

b. Dependent Claims

For the reasons stated in the Petition and by Dr. Murthy, we are
persuaded that the combination of Austin and Freeman teaches or suggests
each limitation of dependent claims 2-10. See Pet. 52-55; Ex. 1008 {{ 138-
146. Patent Owner does not separately address the dependent claims with
respect to this ground. Accordingly, for the same reasons stated above, we

also determine that a person of ordinary skill in the art would have had a
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reason to combine Austin and Freeman with a reasonable expectation of
success.
C. Conclusion as to Obviousness

Patent Owner makes no other specific arguments with respect to any
other claims and the combination of Austin and Freeman. Accordingly,
having considered the record as a whole—including the evidence of
secondary considerations of nonobviousness, as explained above—we
conclude that Petitioner has established by a preponderance of the evidence

that claims 1-12 are unpatentable as obvious over Austin and Freeman.

[I. PATENT OWNER’S MOTION TO EXCLUDE

The party moving to exclude evidence bears the burden of proving
that it is entitled to the relief requested—namely, that the material sought to
be excluded is inadmissible under the Federal Rules of Evidence. See 37
C.F.R. 88 42.20(c), 42.62(a).

Patent Owner filed a Motion to Exclude Exhibits 1024, 1025, 1031,
1032, 1051, 1067, 1068, 1069, 1071, 1074, and 1075. Paper 57. We do not
rely on any of the challenged exhibits in rendering this Decision.

Accordingly, we dismiss Patent Owner’s Motion to Exclude as moot.

IV. CONCLUSION
We conclude that Petitioner has shown by a preponderance of the

evidence that claims 1-12 of the 621 patent are unpatentable.

V. ORDER
In consideration of the foregoing, it is hereby:
ORDERED that claims 1-12 of the 621 patent are held unpatentable;
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FURTHER ORDERED that Patent Owner’s Motion to Exclude is
dismissed as moot.

FURTHER ORDERED that, because this is a Final Written Decision,
the parties to the proceeding seeking judicial review of the decision must

comply with the notice and service requirements of 37 C.F.R. § 90.2.

43

FlatWing Ex. 1043, p. 104
Appx43



Case: 17-1947 Document: 19
IPR2015-01776
Patent 7,582,621 B2

PETITIONER:

Jeffrey Blake

Kathleen Ott

MERCHANT & GOULD, P.C.
jblake@merchantgould.com
kott@merchantgould.com

PATENT OWNER:

Andrea Reister

Enrique Longton

COVINGTON & BURLINGTON LLP
areister@cov.com

elongton@cov.com

Page: 105

44

Appx44

Filed: 08/04/2017

FlatWing Ex. 1043, p. 105



Case: 17-1947

a2 United States Patent

Baker et al.

Document: 19

Page: 106 Filed: 08/04/2017

US007582621B2

US 7,582,621 B2
Sep. 1, 2009

(10) Patent No.:
45) Date of Patent:

(54) BORON-CONTAINING SMALL MOLECULES

(75) Inventors: Stephen J. Baker, Mountain View, CA
(US): Tsutomu Akama. Sunnyvale. CA
(US):. Carolyn Bellinger-Kawahara.
Redwood City, CA (US): Vincent S.
Hernandez. Watsonville. CA (US):
Karin M. Hold. Belmont. CA (US):
James J. Leyden, Malvern, PA (US):
Kirk R. Maples, San Jose, CA (US):
Jacob J. Plattner, Berkeley, CA (US})
Virginia Sanders, San Francisco, CA
(US); Yong-Kang Zhang, San Jose, CA
(US)

(73) Assignee: Anacor Pharmaceuticals, Inc.. Palo
Alto, CA (US)

Subject to any disclaimer. the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 267 days.

(21) Appl. No.: 11/357,687
(22) Filed: Feb. 16, 2006
(65) Prior Publication Data
US 2006/0234981 Al Oct. 19, 2006
Related U.S. Application Data
(60) Provisional application No. 60/654,060, filed on Feb.

(*) Notice:

16, 2005.
(51) Int.Cl

A6IK 31/69 (2006.01)

CO7F 5/04 (2006.01)
(52); USICE .anvvmisainisieans S14064; 5581288
(58) Field of Classification Search ................... 514/64:

558/288
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,880,188 A * 3/1999 Austinefal. ................ 524109
6083903 A * 7/2000 Adamsetal. ......c.ccoovueee. S1472

FOREIGN PATENT DOCUMENTS
WO WO 2005/013892 A3 2/2005
OTHER PUBLICATIONS

Austin et al., 1996, CAS: 124:234024.*

fungicide: definition from Answre.com, 1998.7

Sudaxshina Murdan, “Drug Delivery fo the Nail Following Topical
Application,” Iniernational Journal of Pharmaceutics, 236:1-26
(2002).

S. J. Baker, et al., "Progress on New Therapeutics for Fungal Nail
Infections,"Annual Reports in Medicinal Chemisiry. 40:323-335
(2005).

# cited by examiner

Primary Examiner—Rei-tsang Shiao
(74) Attorney, Agent, or Firm—Morgan. Lewis & Bockius.
LEP

(57) ABSTRACT

This invention relates to compounds useful for treating fungal
infections, more specifically topical treatment of onychomy-
cosis 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.

12 Claims, 12 Drawing Sheets

CFAD Exhibit 1001

1 FlatWing Ex. 1043, p. 106
Appx45



Case: 17-1947  Document: 19 Page: 107 Filed: 08/04/2017

U.S. Patent Sep. 1, 2009 Sheet 1 of 12 US 7.582.621 B2
FIGURE 1A

MIC (ug/mL) =

z

2 € | = 2

=] @ ™ =

2 gl o | % § b

3 iy 2 s z >

E 8 @ < £ < 8 &

< - & Q g 8 o b

& e - = g' K E E

IEER AR AR BERE

E s 2 2 £ 8 2 E]

e | o |l | &1 & o g | o

lc1 1 2 2 i 2 05 1 f

lc2 2 05 1 2 4 8 8
lc3 16 32 22 16 16 4 32
c4 64 64 | >64 | 32 a2 8 32
c5 4 8 2 2 4 0.25 4
C6 8 16 8 16 16 B4 16
c7 >64 | >64 | >64 | 64 | 32 4 64
c8 2 2 8 2 4 2 8
c9 >64 | >64 | >64 | >64 | 64 >64 64

2 FlatWing Ex. 1043, p. 107

Appx46



Case: 17-1947  Document: 19 Page: 108 Filed: 08/04/2017

U.S. Patent Sep. 1, 2009 Sheet 2 of 12 US 7,582,621 B2

FIGURE 1B
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FIGURE 1C
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EXAMPLE 2A
MIC (ug/mL)
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ol 2| 8|21 E
Fungus Broth used - ¢ = e =
A. fumigatus ATCC 13073 RPMI 0.25 nt nt >64 0.25
C. albicans ATCC 90028 RPMI | 0.5 nt 025 | <0.12
C. albicans F56 RFMI 0.5 nt nt =64 0.25
C. glabrata ATCC 90030 EPMI + MOPs <0.5 =0.5 64 it <0.5
C. krusei ATCC 44507 RPMI + MOPs | <0.5 64 nt <0.5
C. neoformans F285 RPMI 0.25 nt nt 2 <012
C. parapsilosis ATCC 22019 RPMI + MOPs <05 | =05 | <05 nt <0.5
C. tropicalis ATCC 13803 RPMI + MOPs <05 | =05 256 nt 1
E. fleccosum ATCC 52066 RPMI + MOPs <05 | =05 | <05 it <0.5
F. solani ATCC 36031 RPMI + MOPs <0.5 4 64 nt =256
M. furfur ATCC 44344 Urea 1 =0.5 2 nt =0.5
M. pachydermatis ATCC 96746 Urea 1 <05 | <05 nt <0.5
M. sympodialis ATCC 44031 rea 1 <05 | <05 nt <0.5
M. audouinii ATCC 42558 RPMI + MOPs 2 1 <0.5 nt <0.5
M. canis ATCC 10214 RPMI + MOPs 2 =05 | 205 nt <0.5
M. gvpseum ATCC 24103 RPMI + MOPs 2 <05 | <05 nt <0.5
T._mentagrophyles F311 RPM] + MOPs | 05 | <05 32 | <012
7. rubrum F296 RPMI + MOPs 1 1 <0.5 | <0.12
RPMI + MOPS +
T. rubrum F296 5% keratin powder 2 1 nt I nt
T tonsurans ATCC 28942 RPMI + MOPs 2 =05 é 0.5 nt _é 0.5
nt = not tested
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EXAMPLE 2B
MFC (pg/mL)
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T. mentagrophytes F311 RPMI + MOPs 16 1 <05 4
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6 FlatWing Ex. 1043, p. 111
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FIGURE 3

Radioactivity as mg Equivalent/g Nail Samples
Nail Samples P value
(r-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 £ 1241 438+273 0.0022

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

7 FlatWing Ex. 1043, p. 112
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FIGURE 4
Radioactivity as mg Equivalent/Samples*
Sampling day P-value (t-test)
Group A (C10) Group C (Ciclopirox)
Day 3 0.0609 + 0.0605 0.0011 + 0.0020 0.0043
Day 6 0.1551+0.1314 0.0013 + 0.0027 0.0022
Day 9 0.3892+0.3714 0.0018 + 0.0030 0.0022
Day 12 0.6775 + 0.6663 0.0014 £ 0.0019 0.0022
Day 15 0.9578 £ 0.6106 0.0033 £ 0.0041 0.0022
Total 2.2405 £ 1.7325 0.0089 + 0.0131 0.0022

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

8
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FIGURE 5

Full thickness Human Nail
5 x 2yl over 5 days Application of
50:30 Ethy! acelate Propylene glycol

9 FlatWing Ex. 1043, p. 114
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FIGURE 6

Full thickness Human Nail
5x 2 pl over 5 days application of

10 FlatWing Ex. 1043, p. 115
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Full thickness Human Nail
5 x 2ul over 5 days Application of
c10
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FIGURE 8

Full thickness Human Nail
5 x 2pl over 5 days Application of
Penlac

12 FlatWing Ex. 1043, p. 117
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FIGURE 9

Full thickness Human Nail
5 x 2yl over 5 days Application of
Loceryl

13 FlatWing Ex. 1043, p. 118
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BORON-CONTAINING SMALL MOLECULES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is related to U.S. Provisional
Patent Application 60/654,060 filed Feb. 16. 2005, which is
incorporated by reference in its entirety for all purposes.

BACKGROUND FOR THE INVENTION

Infections of the nail and hoof, known as ungual and/or
periungual infections, pose serious problems in dermatology.
These ungual and/or periungual can be caused by sources
such as fungi, viruses, yeast, bacteria and parasites. Onycho-
mycosis is an example of these serious ungual and/or periun-
gual 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 medi-
cine; surgical removal of all or part of the nail or hoot fol-
lowed 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 particu-
larly directed to drawbacks associated with current treatment
of ungual and/or periungual antifungal infections.

Long term systemic (oral ) administration of an antifungal
agent for the treatment of onychomycosis is often required to
produce a therapeutic effect in the nail bed. For example. oral
treatment with the antifungal compound ketoconozole typi-
cally requires administration of 200 to 400 mg/day for 6
months before any significant therapeutic benefit is realized.
Such long term, high dose systemic therapy can have signifi-
cant adverse effects. For example, ketoconozole has been
reported to have liver toxicity effects and reduces testosterone
levels in bleod due to adverse effects on the testes. Patient
compliance is a problem with such long term therapies espe-
cially 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 considerable patient non-compliance.

Surgical removal of all or part of the nail followed by
topical treatment also has severe drawbacks. The pain and
discomfort associated with the surgery and the undesirable
cosmetic appearance of the nail or nail bed represent signifi-

cant problems, particularly for female patients or those more

sensitive to physical appearance. Generally, this type of treat-
ment is not realistic for ruminants such as horses.

Topical therapy has significant problems too. Topical dos-
age forms such as creams, lotions, gels etc., can not keep the

drug in intimate contact with the infected area for therapeu- 5

tically eftective periads of time. Bandages have heen used to
hold drug reservoirs in place in an attempt to enhance absorp-
tion of the pharmaceutical agent. However the bandages are
thick. awkward, troublesome and generally lead to poor
patient compliance.

Hydrophilic and hydrophobic tilm forming topical antifun-
gal solutions have also been developed. These dosage forms
provide improved contact between the drug and the nail. but
the films are not occlusive. Topical formulations for fungal
infection treatment have largely tried to deliver the drug to the
target site (an infected nail bed) by diffusion across orthrough
the nail.
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Nail is more like hair than stratum corneum with respect to
chemical composition and permeability. Nitrogen is the
major component of the nail attesting to the nail’s proteina-
ceous nature. The total lipid content of mature nail is 0.1-
1.0%, while the stratum corneum lipid is about 10% w/w. The
nail is 100-200 times thicker than the stratum corneum and
has avery 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 infections have generally
been ineffective.

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

Antimicrobial compositions for controlling bacterial and
fungal infections comprising a metal chelate of 8-hydrox-
yaquinoline and an alkyl benzene sulfonic acid have been
shown to be efficacious due to the increased ability of the
oleophilic group to penetrate the lipoid layers of micro-cells.
The compounds however, do not effectively increase the abil-
ity to carry the pharmaceutically active antifungal through the
cornified layer or steatum corneuim of the skin, U.S, Pat. No.
4,602,011, Westetal., Jul. 22, 1986; 11.S. Pal. No. 4,766,113,

5 West et al., Aug. 23, 1988,

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

SUMMARY OF THE INVENTION

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

18]

wherein B is boron. R'? is a member selected from a negative
charge, a salt counterion, H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. M1 is a member selected from
oxygen, sulfur and NR?. R*® is a member selected from H,
substituted or unsubstituted alkyl, substituted or unsubsti-
tuted hetercalkyl, substituted or unsubstituted cyelealkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
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eroaryl. J1 is a member selected from (CR7“R*),,, and CR™.
R* R* and R*“ are members independently selected from
H, OH, NH., SH, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. The index nl is an integer selected
from Oto 2. W1 is a member selected from C—0O (carbonyl).
(CRP"R™), | and CR™. R™ R* and R* are members inde-
pendently selected from H. OH, NH,. SH, 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. The index m1 1s
an integer selected from 0 and 1. Al is a member selected
from CR?*and N. D1 is a member selected from CR'™ and N,
E1l is a member selected from CR**¢ and N. G'1 is a member
selected from CR' and N. R?*, R'™_ R'' and R'>* are
members independently selected from I, OH, NH,, SH, sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
hetercalkyl, substituted or unsubstituted cycloalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or unsub-
stituted aryl, and substituted or unsubstituted heteroaryl. The
combination of nitrogens (Al+D1+E1+Gl) 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 1o 7 membered ring. R® and R™, ogether
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
joinedto form a4 to 7 membered ring. R'% and R'4, together
with the atoms to which they are attached. are optionally
joined to form a4 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. The aspect has the
proviso that when M1 is oxygen, W1 is a member selected
from (CR*R*),,,. wherein n1 is 0, J1 is a member selected
from (CR®“R77),,,. wherein m1 is 1, A1 is CR®*, D1is CR''~,
El is CR'%, G1 is CR'*?, then R® is not halogen, methyl,
ethyl, or optionally joined with R'® to a form phenyl ring:
R'% is not unsubstituted phenaxy, C(CH,)s, halogen, CF,,
methoxy, ethoxy, or optionally joined with R™ to form a
phenyl ring; R''* is not halogen or optionally joined with
R'%" 10 form a phenyl ring; and R'*“ is not halogen. The aspect
has the further proviso that when M1 is oxygen, W1 is a

member selected from (CR**R*),,,. whereinnl is 0, J1isa s

member selected from (CR™R™) . wherein m1 is 1, Al is
CR®*,D1isCR'™ El is CR''* G1is CR'*, then neither R**
nor R™ are halophenyl. The aspecthas the further proviso that
when M1 is oxygen, W1 is a member selected from

(CR*R*), | wherein nl is 0, 1 is a member selected from s

(CR™R™),,, whereinm1 is 1, Al is CR*™, D1 is CR'™, E1
is CR'7, G is CR', and R, R and R''® are H. then R,
R7“and R'** are not H. The aspect has the further praviso that
when M1 is oxygen wherein nl is 1, J1 is a member selected
from (CR**R™),,,. wherein m1 is 0, A1 is CR™, D1 is CR'%,
Elis CR''“, G1is CR'™, R%%is H, R'"" is H, R is I, R®™
is H,R™is H, R'* is H, then W1 is not C—=0 (carbonyl). The
aspect has the further proviso that when M1 is oxygen, W1 is
CR®", J1 is CR™, Al is CR™, D1 is CR'®% El is CR"'?, G1
is CR*%,R*, R, R R, R"“and R** are H, then R** and
R®*, together with the atoms to which they are attached, do
not form a phenyl ring.
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In a second aspect, the invention provides a pharmaceutical
formulation comprising (a) a phannaceutically acceptable
excipient; and (b) acompound having a structure according to
Formula II:

(411

wherein B is boron. R'? is a member selected from a negative
charge, a salt counterion, H, substituted or unsubstituted
alkyl, substituted or unsubstituted hetercalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. M2 is a member selected from
oxvgen, sulfur and NR??, R is a member 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. J2 is a member selected from (CR**R*"), , and CR”".
R*, R*, and R** are members independently selected from
H. OH, NH,, SH, substituted or unsubstituted alkyl. substi-
tuted or unsubstituted hetervalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl. and substituted or
unsubstituted heteroaryl. The index n2 is an integer selected
from 0 to 2. W2 is a member selected from C—0 (carbonyl),
(CR®"R7"),,. and CR®*. R®*, R7*, and R*” are members inde-
pendently selected from H, OH, NH,. SH. substituted or
unsubstituted alkyl. substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted arvl,
and substituted or unsubstituted heteroaryl. The index m2 is
an integer selected from 0 and 1. A2 is a member selected
from CR*” and N. D2 is a member selected from CR'*? and N.
E2 is a member selected from CR"'" and N. G2 is a member
selected from CR"™® and N. R*, R'®, R'*® and R'*" are
members independently selected from H, OH, NH,, SH, sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl. substituted or unsubstituted cycloalkyl, substi-
tuted ot unsubstituted heterocycloalkyl, substituted or unsub-
stituted aryl. and substituted or unsubstituted heteroaryl. The
combination of nitrogens (A24D2+E2+G2) is an integer
selecied from 0 to 3. A member selecied 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,
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In another aspect, the invention provides a method of kill-
ing a microorganism, comprising contacting the microorgan-
istm with a therapeutically etfective amount of a compound of
the invention.

In another aspect, the invention provides a method of inhib-
iting microorganism growth, comprising contacting the
micreorganism with a therapeutically effective amount of a
compound of the invention.

In another aspect, the invention provides a method of treat-
ing an infection in an animal. comprising administering to the
animal a therapeutically effective amount of a compound of
the invention.

In another aspect, the invention provides a method of pre-
venting an infection in an animal, comprising administering
to the animal a therapeutically effective amount of a com-
pound of the invention.

In another aspect, the invention provides a method of treat-
ing a systemic infection or an ungual or periungual infection
in a human, comprising administering to the animal a thera-
peutically effective amount of a compound of the invention.

In another aspect, the invention provides a method of treat-
ing onychomycosis in a human, comprising administering to
the animal a therapeutically effective amount of a compound
of the invention.

In another aspect. the invention provides a method of syn-
thesizing a compound of the invention.

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a table of minimum inhibitory concentration
(MIC) data of CBO against various fungi.

FIG. 2A displays minimum inhibitory concentration
(MIC) for C10, ciclopirox, terbinafine, fluconazole and itra-
conazole (comparator drugs) against 19 test strains of fungi.

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

FIG. 3 displays a comparison of Normalized C10 and

Ciclopirox Equivalent in Each Part of Nail Plate Samples -

after 14-day Treatment.

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

u
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FIG. 5 displays the results of a placebo for C10 (50:50

propylene glyeol and ethyl acetate) applied per day over five
days. Full carpet growth of the organism T. rubrum was
observed.

FIG. 6 displays the results of a 40 pLfem® aliquot of C10
10% wi/v solution applied per day over five days. Zones of
inhihition (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.

FIG. 7 displays the results of a 40 pl./em aliquot of C10
10% wi/v solution applied per day over five days. Zones of

&5
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inhibition (in the order of the cells shown in the figure) of
T4%, 86%0, 100%, 82%, 100% and 84% were observed for the
growth of 77 rubrum.

FIG. 8 displays the results of a 40 pl/em?® 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, rubrigm.

FIG. 9 displays the results of a 40 pL/cm? aliquot of 5%
amorolfine w/v in commercial lacquer applied per day over
five days. No zene of inhibition observed; full carpet growth
of 10 rubrum.

DETAILED DESCRIPTION OF THE INVENTION
I. Definitions and Abbreviations

The abhreviations used herein generally have their conven-
tional meaning within the chemical and biological arts.

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

MIC, or minimunt inhibitory coneentration, is the point
where compound stops more than 90% of cell growth relative
to an untreated control.

Where substituent groups are specified by their conven-
tional chemical formulae, written from left to right, they
equally encompass the chemically identical substituents,
which would result from writing the structure from right to

_ lefi, e.g., —CH,O— is intended to also recite —OCH,—.

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.

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

s to another moiety.

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

The term “alkyl.” by itsell or as part of'another substituent,
means. unless otherwise stated. a straight or branched chain,
orcyclic hydrocarbon radical, or combination thereof, which
may be fully saturated, mono- or polyunsaturated and can
inchude di- and multivalent radicals. having the number of
carbon atoms designated (i.e. C,-C,, means one 1o ten car-
bons). Examples of saturated hydrocarbon radicals include,
but are not limited to, groups such as methyl. ethyl. n-propyl,
isopropyl. n-butyl, t-butyl. isobutyl. sec-butyl, cyclohexyl,
(cyclohexylimethyl. cyclopropylmethyl, homologs and iso-
mers of, forexample, 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), ethynyl. 1- and 3-propynyl, 3-butynyl. and
the higher homologs and isomers. The term “alkyl.)” unless
otherwise noted. is also meant to include those derivatives of
alkyl defined in more detail below, such as “heteroalkyl.”
Alkyl groups that are limited to hydrocarbon groups are
termed “homoalkyl™.

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

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

The term “heteroalkyl.” by itself or in combination with
another term, means, unless otherwise stated, a stable straight
or branched chain, or cyclic hydrocarhon radical, or combi-
nations thereof, consisting of the stated number of carbon
atoms and at least one heteroatom. In an exemplary embodi-
ment. the heteroatoms can be selected from the group con-
sisting of B, O, N and S, and wherein the nitrogen and sulfur
atoms may optionally be oxidized and the nitrogen heteroa-
tom may optionally be quaternized. The heteroatom(s) B, O,
N and S may be placed at any interior position of the het-
eroalkyl group or at the position at which the alky] group is
attached to the remainder of the molecule. Examples include,
but are not limited to, —CH,—CH,—O—CH,, —CH,—
CH,—NH—CH,, CH.—CH,—N{CH,)—CHS,,
—CH,—S8—CH,—CH;, —CH,—CH,, —S8(0)—CH,,
—CH,—CH,—8(0),—CH,, — CH=CH—O—CH,.

CH, CH=N-OCH,, and CH=CH-N(CH,)—
CHj,. Up to two heteroatoms may be consecutive. such as, for
example. —CH,—NH—OCH,. Similarly. the term “het-
ercalkylene” by itself or as part of another substituent means
a divalent radical derived from heteroalkyl, as exemplified.
but not limited by, —CH,—CH,—8—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., alkyleneoxy, alkylenedioxy, alkylene-
amino, alkylenediamino, and the like), Still further, for alky-
lenie and hetercalkylene 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)LR'— and —R'C
(o)

The terms “cycloalkyl™ and “heterocycloalkyl”™, by them-
selves or in combination with other terms. represent. unless
otherwise stated, cyclic versions of “alkyl” and “heteroalkyl”.
respectively. Additionally, for heterocycloalkyl, a heteroatom
can occupy the position at which the heterocyele is attached to
the remainder of the molecule. Examples of cycloalkyl
include, but are not limited to, cyclopentyl, cyclohexyl, 1-cy-
clohexenyl, 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. tetrahydrofu-
ran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-vl, tetrahy-
drothien-3-yl, 1-piperazinyl, 2-piperazinyl, and the like.

The terms “halo™ or “halogen.” by themselves or as part of
another substituent, mean, unless otherwise stated, a fuorine,
chlorine, bromine. oriodine atom. Additionally, terms such as
“haloalkyl,” are meant to include monohaloalky] and polyha-

loalkyl. For example, the term *halo(C,-C_)alkyl” is meanto s

include, but not be limited to, trifluoromethyl, 2.2.2-trifluo-
roethyl, 4-chlorobutyl, 3-bromopropyl, and the like.

The term “aryl” means, unless otherwise stated, a polyun-
saturated, aromatic, substituent that can be a single ring or
multiple rings (preferably from 1 to 3 rings), which are fused
together or linked covalently. The term “heteroaryl” refers to
aryl groups (or rings) that contain from one to four heteroat-
oms. In an exemplary embodiment, the heteroatom is selected
from B, N, O. and S, wherein the nitrogen and sulfur atoms
are optionally oxidized, and the nitrogen atom(s) are option-
ally quaternized. A heteroaryl group can be attached to the
remainder of the molecule through a heteroatom. Non-limit-
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ing examples of aryl and hetervaryl groups include phenyl,
| -naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolvl,
3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl. 4-imidazolyl, pyrazi-
nyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-ox-
azolyl. 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl. 2-thiazolyl,
4-thiazolyl, S-thiazolyl, 2-turyl, 3-furyl, 2-thienyl, 3-thieny
2-pyridyl, 3-pyridyl, 4-pyridyl. 2-pyrimidyl, 4-pyrimidy
5-benzothiazolyl, purinyl. 2-benzimidazolyl, 5-indoly
1 -isoquinolyl, S-isoquinolyl, 2-quinoxalinyl, S-quinoxaliny
3-quinolyl, and 6-quinolyl. Substituents for each of the above
noted aryl and heteroaryl ring systems are selected from the
group of acceptable substituents described below.

For brevity, the term “ary]” when used in combination with
other terms (e.g.. aryloxy, arylthioxy, arylalkyl) includes both
aryl and heteroaryl rings as defined above. Thus, the term
“arylalkyl™ is meant to include those radicals in which an aryl
group is attached to an alkyl group (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., phenoxym-
ethyl, 2-pyridyloxymethyl, 3-(1-naphthyloxypropyl. and the
like).

Each of the above terms (e.g., “alkyl,” “heteroalkyl,” “aryl”
and “heteroaryl™) are meant to include both substituted and
unsubstituted forms of the indicated radical. Preferred sub-
stituents for each type of radical are provided below.

Substituents for the alkyl and heteroalkyl radicals (includ-
ing those groups often referred to as alkylene, alkenyl, het-
eroalkylene. hetercalkenyl, alkynyl. cycloalkyl, heterocy-
cycloalkenyl, and heterocycloalkenyl) are
generically referred (o as “alkyl group substituents.” and they
can be one or more of a variety of groups selected from, but
not limited to: —OR', =0, —=NR", =N OR'. —NRR",
SR, —halogen, —OC(QR, —C(OR, —CO,R,

15
1,
1,
1,

5 —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(0).R", —S(0),
NR'R", —NRSO.R', —CN and —NQ, in a number ranging
from zero to (2m'+1), where m' is the total number of carbon
atoms in such radical. R', R", R™ and R"" each preferably
independently refer (o hydrogen, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, e.g., aryl sub-
stituted with 1-3 halogens. substituted or unsubstituted alkyl,
alkoxy or thicalkoxy groups, or arylalkyl groups. When a
compound of the invention includes more than one R group,
forexample, 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 1o the
same nitrogen aton, 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-pyrro-
lidinyl and 4-morpholinyl. From the above discussion of sub-
stituents. one of skill in the art will understand that the term
“alkyl” is meant to include groups including carbon atoms
bound to groups other than hydrogen groups, such as
haloalkyl (e.g., —CF, and —CH,CF.)and acyl (e.g., —C(O)
CH,, —C{O)CF,, —C{O)CH,OCH,, and the like).

Similar to the substituents described for the alkyl radical,
substituents for the aryl and heteroary] groups are generically
referred 10 as “ary] group substituents.” The substituents are
selected from, for example: halogen. —OR', —0O, —NR',
—N-—OR', —NR'R". —SR’; -halogen, —OC(O)R", —C(O)
R, —CO,R', —CONR'R". —OC{OQ)NRR", —NR"C(O)R’,
NR—C(OJNR"R™, —NR"C(O),R, —NR—C
(NR'R"R™)}=NR"", —NR—C(NR'R")=NR", —S(O)R",

~5(0),R", —S{O)LNR'R", —NRSO,R', —CN and —NO.,
—R',—N,,—CH(Ph),, luoro(C, -C, Jalkoxy, and fluoro(C, -
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C,Jalkyl, ina number ranging from zeroto 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 heteroaryl. When a com-
pound of the invention includes more than one R group, for
example, eachofthe R groups is independently selected as are
each R, R", R™ and R groups when more than one of these
groups is present.

Two of the substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally be replaced with a substituent
of the formula —T—C(O)—(CRR"),—LU-—, 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 indepen-
dently —CRR'—, —0O—, —NR—, —8—, —S8(0)—,

-S(0);—, —8(0).NR"-
ger of from 1 to 4. One of the single bonds of the new ring so
formed may optionally be replaced with a double bond. Alter-
natively, two of the substituents on adjacent atoms of the aryl
or heteroaryl ring may optionally be replaced with a substitu-
ent of the formula—(CRR") —X—(CR"R"") ,—, where sand
d are independently integers of from 0 to 3, and X is —O—,

NR'—, 8, —S(0)—, —8(0),—, or —S(0),NR"
The substituents R, R', R" and R are preferably indepen-
dently selected from hydrogen or substituted or unsubstituted
(C,-C,alkyl.

“Ring” as used herein means a substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl.
substituted or unsubstituted aryl, or substituted or unsubsti-
tuted 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 arrange-
ment. The ring optionally included a heteroatom. Thus, the
term **5-to 7-membered ring” includes, forexample pyridinyl
and piperidinyl. The term “ring” further includes a ring sys-
tem comprising more than one “ring”, wherein each “ring™ 1s
independently defined as above.

As used herein, the term “heteroatom” includes atoms
other than carhon (C) and hydrogen (H). Examples include
oxygen (), nitrogen (N} sulfur (S}, silicon (81}, germanium
(Ge). aluminum (Al) and boron (B).

The symbol “R” is a general abbreviation that represents a
substituent group that is selected from substituted or unsub-
stituted alkyl, substituted or unsubstituted heteroalkyl, sub-

stituted or unsubstituted aryl, substituted or unsubstituted s

hetercaryl, substituted or unsubstituted cycloalkyl and sub-
stituted or unsubstituted heterocycloalkyl groups.

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,” s

LTI

“Cosmetically effective.” “pharmaceutically eflective” or
“therapeutically effective™ amount refers to the amount of
drug needed to effect the desired therapeutic result.

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

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

or a single bond, and r is an inte- 2

o

(]
w

30

Ll

&5

18

10

The term “pharmaceutically acceptable salts” is meant to
inchude salts of the compounds of the invention which are
prepared with relatively nontoxic acids or bases, depending
on the particular substituents found on the compounds
described herein. When compounds of the present invention
contain relatively acidic functionalities, base addition salts
can be obtained by contacting the neutral form of such com-
pounds with a sufficient amount of the desired base, either
neat or in a suitable inert solvent. Examples of pharmaceuti-
cally acceptable base addition salts include sodium, potas-
sium, calcium, ammonium. organic amino, or magnesium
salt, or a similar salt, When compounds of the present inven-
tion 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 phar-
maceutically acceptable acid addition salts include those
derived from inorganic acids like hydrochloric, hydrobromic,
nitric, carbonic, monohydrogencarbonic. phosphoric. mono-
hydrogenphosphoric,  dihydrogenphosphoric,  sulfuric,
monohydrogensulfuric, hydriodic, or phosphorous acids and
the like, as well as the salts derived from relatively nontoxic
organic acids like acetic, propionic, isobutyric, maleic, mal-
onic, benzoic. suceinic, suberic, fumarie, lactic, mandelic,
phthalic. benzenesulfonic, p-tolylsulfonic, 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 galactunoric 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 con-
verted into either base or acid addition salts.

The neutral forms of the compounds are preferably regen-

5 erated by contacting the salt with a base or acid and isolating

the parent compounds in the conventional manner. The parent
form of the compound differs from the various salt forms in
certain physical properties. such as soluhbility in polar sol-
vents.

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

Certain compounds of the present invention can exist in
unsolvated forms as well as solvated forms, including
hydrated forms. In general, the solvated forms are equivalent
to unsolvated forms and are encompassed within the scope of’
the present invention. Certain compounds of the present
invention may exist in multiple crystalline or amorphous
forms. In general, all physical forms are equivalent for the
uses contemplated by the present invention and are intended
1o be within the scope of the present invention.

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

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. Forexample, the com-
pounds may be radiolabeled with radicactive isotopes, such
as for example tritium (*H), iodine-125 (***1) or carbon-14
(**C). All isotopic variations of the compounds of the present
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invention, whether radicactive or not, are intended to be
encompassed within the scope of the present invention.

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

“Pharmaceutically acceptable topical carrier™ and equiva-
lent terms refer to pharmacentically acceptahle carriers, as
described herein above, suitable for topical application. An

inactive liquid or cream vehicle capable of suspending or 2

dissalving the active agent(s), and having the properties of
being nontoxic and non-inflammatory when applied to the
skin, nail, hair, elaw or hoof is an example of a pharmaceuti-
cally-acceptable topical carrier. This term is specifically
intended to encompass carrier materials approved for use in
topical cosmetics as well.

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

The terms “enhancement.” “penetration enhancement™ or
“permeation enhancement” relate to an increase in the per-
meability 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 hoofl The enhanced permeation
effected through the use of such enhancers can be observed,
for example, by measuring the rate of diffusion of the drug

EE

through animal or human skin, nail, hair, claw or hoot using

a diftusion cell apparatus. A ditfusion cell is described by
Merritt et al. Diffusion Apparatus for Skin Penetration, J of’
Controlled Release, 1 (1984) pp. 161-162. The term “perme-
ation 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 hoofto a -

drug,

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

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 hoot and enters the
underlying tissues. Topical administration includes applica-
tion of the composition to intact skin, nail, hair. claw or hoot.
orto an hroken, raw or open wound of skin. nail, hair, claw or
hoof, Topical administration of a phanmaceutical agent can
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result in a limited distribution of the agent to the skin and
surrounding tissues or. when the agent 1s removed from the
treatment area by the bloodstream., can result in systemic
distribution of the agent.

The term “transdermal delivery™ refers to the diffusion of
an agent across the barrier of the skin. nail. hair. claw or hoot’
resulting from topical administration or other application of a
composition. The stratum comeum acts as a barrier and few
pharmaceutical agents are able to penetrate intact skin. In
contrast, the epidermis and dermis are permeable to many
solutes and absorption of drugs therefore accurs more readily
through skin, nail. hair, claw or hoof that is abraded or other-
wise 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 or permeation through the
remaining portion. Absorption throngh intact skin, nail, hair,
claw orhoofcan be enhanced by placing the active agent in an
appropriate pharmaceutically acceptable wvehicle before
application to the skin, nail, hair. claw or hoot. Passive topical
administration may consist of applying the active agent
directly to the treatment site in combination with emollients
or penetration enhancers. As used herein, transdermal deliv-
ery is intended to include delivery by permeation through or
past the integument, i.e. skin, nail, hair, claw or hoot.

I1. Introduction

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

111. The Compounds

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

. (1)
Rla
?/
Gl B
-
lil b \hlfii
) N Wl
-~
Al It

wherein B is boron. R'“ is a member selected from a negative
charge, a salt counterion, H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. M1 is a member selected from
oxygen, sulfur and NR*, R* is a member selected from H,
substituted or unsubstituted alkyl. substituted or unsubsti-
tuted heteroalkyl, substituted or unsubstituted cyeloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. J1 is a member selected from (CR*R™),, and CR™".
R R*_and R are members independently selected from
H, OH, NH,, S8H, substituted or unsubstituted alkyl. substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstitied heterocy-
cloalkyl, substituted or unsubstituted aryl. and substituted or
unsubstituted heteroaryl. The index nl is an integer selected
from 0 to 2. W1 is a member selected from C—0 (carbonyl),
(CRG"R?”)," ,and CR® R% R7% and R™ are members inde-
pendently selected from H, OH, NH,. SH. substituted or
unsubstituted alkyl. substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
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stituted heterocycloalkyl, substituted or unsubstitated aryl.
and substituted or unsubstituted heteroarvl. The index m1 is
an integer selected from O and 1. Al is a member selected
from CR?? and N. D1 is a member selected from CR'** and N,
El is a member selected from CR'*# and N. (i1 is a member
selected from CR' and N. R™, R', R'"'* and R'* are
members independently selected from H, OH, NH., SH, sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
hetercalkyl, substituted or unsubstituted cycloalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or unsub-
stituted aryl, and substituted or unsubstituted heteroaryl. The
combination of nitrogens (Al+D1+E1+G1) is an integer
selected from 0 to 3. A member selected from R*?, R** and
R*7 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 R7%, together
with the atoms to which they are attached. are optionally
joined to form a 4 to 7 membered ring. R* and R'®, (ogether
with the atoms to which they are attached, are optionally
joinedto form a4 to 7 memberedring. R'™ and R'', together
with the atoms to which they are attached, are optionally
joined to form a4 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. The aspect has the
proviso that when M1 is oxygen, W1 is 1 member selected
from (CR**R*")_ ., wherein nl is 0, 1 is a member selected
from (CR®“R™),,,. wherein m1 is 1, Al is CR**, D1is CR'**,
El is CR'® G1 is CR'? then R is not halogen. methyl.
ethyl, or optionally joined with R'™ to a form phenyl ring;
R'“7 is not unsubstituted phenoxy, C(CH,)s, hu]ugen, 2F:,
methoxy, ethoxy, or optionally joined with R® to form a
phenyl ring; R'7 is not ha]ogen or optionally joined with
R to fomlaphcn}]nng and R'** is not halogen. The aspect
has the further proviso that when M1 is oxygen, W1 is a
member selected from (CR*R*), . whereinnl is 0, J1is a
member selected from (CR®R™),,,, wherein m1 is 1, Al is
CR®,D1is CR'™ E1is CR'?, G1is CR'*?, then neither R®
nor R™ are halophenyl. The aspect has the further proviso that
when MI is oxygen, W1 is a member selected from
(CR?“R*"),,,, wherein n1 is 0. J1 is a member selected from
(CR*R™), , whereinml is 1, Al is CR™., D1 is CR'%, E1
is CR'? G1is CR*%, and R%* R'%* and R “ are I, then R,
R7“and R'*“ are not H. The aspect has the further proviso that
when M1 is oxygen wherein nl is 1, J1 is a member selected
from (CR**R™),,,, wherein m1 is O,Al is CR™, D1is CR"™,
Elis CR''¢ Gl is CR'% R%?is H, R'% js H, R"'“ is H, R®*
is H,R™is H,R"**is H, then W1 is not C—0 (carbonyl). The
aspect has the further proviso that when M1 is oxygen, W1 is
CR%?, Il is CR®, Al is CR™, DI is C'°°, Bl is CR''. Gl is
CR'2%, REdaRa: Rg“, R% R and R are H, then R and

R™ together with the atoms to which they are attached, do -

not form a phenyl ring.
In an exemplary embodiment, the compound has a struc-
ture according to Formula (Ta):

i (Ia}
Bl Rla
OP-‘
11
REE B\
0
T lta
g B R%™

wherein B is boron. R'* is a member selected from a negative
charge, a salt counterion, H, substituted or unsubstituted
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alleyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituled hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. R are members independently
selected from H, OH, NH,. S8H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl. substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted hetercaryl. R®, R'™, R"'* and R"" are
members independently selected from H, OH, NH,, SH. sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or unsub-
stituted aryl, and substituted or unsubstituted heteroaryl. R®*
and R'*", together with the atoms to which they are atiached,
are optionally joined to form a4 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. This
embodiment has the proviso that R** is not halogen, methyl,
ethyl, or optionally joined with R** to form a 4 to 7 mem-
bered ring. This embodiment has the proviso that R'™ is not
unsubstituted phenoxy, C(CH,),, halogen, CF,, methoxy,
ethoxy, optionally joined with R™ to form a 4 to 7 membered
ring, or optionally joined with R' ' to form a4 to 7 membered
ring, This embodiment has the proviso that R'' is not halo-
gen or optionally joined with R* to form a 4 to 7 membered
ring. This embodiment has the proviso that R'* is not halo-
gen,

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

)
O—RY

Rl "_']L____R,?I

o0 R

RJI]ﬂ

g 1 R

wherein B is boron. R*' is a member selected from substituted
or unsubstituted C,-C; alkyl, substituted or unsubstituted
C-C; hetervalkyl. 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. R™ are members independently
selected from I, OH, NH,, SH. substituted or unsubstituted
alleyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. R*?, R'®, R''? and R'** are
members independently selected from H, OH, NH,, SH, sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cyvcloalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or unsub-
stituted aryl. and substituted or unsubstituted heteroaryl. R*'*
and R'?%, together with the atoms to which they are attached,
are optionally joined to form a 4 to 7 membered ring. This
embodiment has the proviso that when R”%, R"*“ and R' ** are
H. R'™ is not H, halogen, unsubstituted phenoxy or t-butyl.
This embodiment has the further proviso that when R° is H,
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R'™ and R''* together with the atoms to which they are
attached, are not joined to form a phenyl ring. This embodi-
ment has the further proviso that when R is H, R* and R"**
together with the atoms to which they are attached, are not
joined to fonm a phenyl ring. 5

In another aspect, the invention provides a compound hav-
ing a structure according to Formula II:

16
(CR*R*"),., wherein n2 is 0, J2 is a member selected from
(CR®"R™) .. whereinm2is 1, A2 is CR*. D2is CR'"™ Eis
CRM?, G is CR'?, then R*" is not a member selected from
halogen. methyl. ethyl. or optionally joined with R'* to a
form phenyl ring. In another exemplary embodiment, the
aspect has the proviso that when M2 is oxygen, W2 is a
member selected from (CR*R*),, wherein n2 is 0, J2 is a
member selected from (CR™R™), . wherein m2 is 1, A2 is
CR%,12isCR'"™, E2is CR"'®, G2 is CR"**, then R'* is not

" {1} 10 a member selected from unsubstituted phenoxy, C{CH,),,
o & halogen. CI';, methoxy, ethoxy, ar optionally joined with R*
| to form a phenyl ring. In another exemplary embodiment, the
G2 B aspect has the proviso that when M2 is oxygen, W2 is a
B M2 member selected from (CR**R**), wherein n2 is 0, J2 is a
[|)L \L L 15 member selected from (CR*’R"),,,, wherein m2 is 1, A2 is
R CR”,D2is CR'", E2is CR''*, G2 is CR'**, then R' is not
a member selected from halogen or optionally joined with
R to form a phenyl ring. In another exemplary embodi-
wherein B is boron. R*” is a member selected from a negative ment, the aspect has the pmvistg th‘i‘: when M2 is oxygen, W2
charge, a salt counterion, H, substiuted or unsubstituted 27 is a member selet:lul‘frmn(fftﬁ ’[gb’),,z.wbclercnmlzmﬂ,ﬂ 13
alkyl, substituted or unsubstituted heteroalkyl, substituted or 3\“‘5}“"“ .WIPC:‘:]E from (c R] . ),,R pa Wh-.‘rlcgn m2 15, I A2 is
unsubstituted cycloalkyl, substituted or unsubstituted hetero- CR™. D2is CR™ E2is CRTZ, G2 s CR - then R is not
eyeloalkyl, substituted or unsubstituted aryl, and substituted halugen.. In another excm_plary embudu?ut)m. the aspect has
or unsubstituted heteroaryl. M2 is a member selected from t!‘-‘*‘ prm{lsgthggwhen M2 130Xygen, Wz, is a member selected
oxygen, sulfur and NR** R is a member selected from H, 2s ffom (CR¥'R™Y,,, wherein n2 is 0, J2 is a member selected
substituted or unsubstituted alkyl, substituted or unsubsti- from (CR“EL' ]_2~ \_vherelll;gnZ 18 L-%E isCR™, D2is CR™,
tuted heteroalkyl, substituted or unsubstituted cycloalkyl, E2 is CR™7, G2 1s CR™*", then R™ is not halophenyl. In
substituted or unsubstituted heterocycloalkyl, substituted or another exemplary embodiment, the aspect has the proviso
unsubstituted aryl. and substituted or unsubstituted het-  that when M2 is oxygen, W2 is a member selected from
eroaryl. 12 is amember selected from (CR?*R**), . and CR*. 30 (CR bR_, e,)”-?‘ wheretp n2is0,J2 is a m'*‘!};b“ selected from
R*, R*, and R*” are members independently selected from ~ (CR™'R’®),.,. Whersin 2 g 1, A2 5 L8, DR CRI%, B2
H. OH. NH.. SH, substituted or unsubstituted alkyl, substi- 15 CR"'%, G2is CR"***. then R™ is not halophenyl. In another
tuted or unsubstituted heteroalkyl, substituted or unsubsti-  eXemplary embodiment, the aspect has the proviso tl;fr :&;hen
tuted cycloalkyl, substituted or unsubstituted heterocy- M2 is oxygen, W2 is a member selected from (CR'"R™"),,,
cloalkyl, substituted or unsubstituted aryl, and substituted or 58 wher ol n2is 0,12 s a mgl;]bcr §clect%:1bfr0n} (C-R“bR Dz
unsubstituted heteroaryl. The index n2 is an integer selected > Whereinm2is 1,A2is CR™, D2is CR ™, E21s CR ", G2 is
from O to 2. W2 is a member selected from C—=0 (carbonyl). CR'#*, then R and R are not halophenyl. In another exem-
(CR®R™),, and CR™. R®*, 7, and R* are members inde- plary embodiment, the aspect has the prov;sgbthf; when M2 is
pendently selected from H, OH, NH,, SH, substituted or DXYBCLL, W_Z]samcmbcrsc]ccted‘from (CR;E,R- ),mwhcrf:}n
unsubstituted alkyl, substituted or unsubstituted heteroalkyl. n2is 0,12 isa me;:s:ber sglecte;cl{fmm (CR 1111;”},—,,;.-_ Wherf;;’
substituted or unsubstituted cycloalkyl, substituted or unsub- 40 M2 is s}l; A% 28 R -R? is CR°™, Ezﬁf C% . G%g CR™,
stituted heterocycloalkyl, substituted or unsubstituted aryl, and R™, R™™ and R**” are H, then R*”, R™* and R**” are not
and substituted or unsubstituted heteroaryl. The index m2is - In another exemplary embodiment, the aspect has the
an integer selected from 0 and 1. A2 is a member selected proviso that when M2 is OXYaEn wherein n2 is 1, 12 is a
from CR”" and N. D2 is a member selected from CR'™ and N. member selected from (CR%R™),, .. wherein m2 is 0, A2 is
E2 is a member selected from CR'® and N. G2 is a member 45 CR*, D2is CR'™, E2 is CR'**, G2 is CR'**, R* is H,R'*
selected from CR' and N. R®, R'™_ R'"* and R'®* are is H. RM® is H, R® is H, R™ is H, R'*? is H, then W2 is not
members independently selected from H. OH, NH.. SH. sub- C=0 (carbonyl). In another exemplary embodiment, IP:'
stituted or unsubstituted alkyl, substituted or unsubstituted aspgct}1a§btlme proyizo ;Lmar whei leéi 0"3’3“’“;“"'{121;5 CR™,
heteroalkyl, substituted or unsubstituted cycloalkyl. substi- J? i b‘v R;bs ”% 15 ;;R : &szl 1 CR & Pz is CR™™, &2 15
tuted or unsubstituted heterocyeloalkyl, substituted orunsub- 5, C-}l}b “LRYRPRTRTY R and R are H, then R™ and
stituted aryl, and substituted Gr unsubstituted heteroaryl. The = R™» together with the atoms to which they are attached, do
combination of nitrogens (A2+1)2+4E2+4G2) is an integer not form a phenyl ring.
selected from 0 to 3. A member selected from R*”, R* and In an exemplary embodiment, the compound with a struc-
R*" and a member selected from R, R7” and R*®, together ~ ture according to Formula (11a):
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 i {IIa)
joined to form a 4 to 7 membered ring. R® and R™®, together R'® o—R"
with the atoms to which they are attached, are optionally i
joined to form a 4 1o 7 membered ring. R*" and R'™™, together B\
with the atoms to which they are attached, are optionally 60 o)
joined to forma4 to 7 memberedring. R'®” and R''?, together
with the atoms to which they are attached, are optionally RI%
joinedto forma4 to 7 membered ring. R'** and R'?*, together o RTORS
with the atoms to which they are attached, are optionally
joined to form a 4 to 7 membered ring. 55
In an exemplary embodiment, the aspect has the proviso In another exemplary embodiment, the compound has a
that when M2 is oxygen, W2 is a member selected from structure according to Formula (ITb):
21

FlatWing Ex. 1043, p. 126

Appx65



Case: 17-1947

Document: 19

Page: 127  Filed: 08/04/2017

US 7,582,621 B2

17
- (Llb}
0.—"‘
RilE
B
N
O
RO
R* H

wherein R™ is a member selected from H., methyl, ethyl and
phenyl. R'™ is a member selected from H, OH, NH,, SH.
halogen, substitited 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.
substtuted or unsubstituted phenoxy, substituted or unsubsti-
tuted phenylalkyloxy. substituted or unsubstituted phenylthio
and substituted or unsubstituted phenylalkylthio.

In another exemplary embodiment, R'” is a member
selected from a negative charge. I and a salt counterion. In
another exemplary embodiment, R'®" and R''” are H. In
another exemplary embodiment, one member selected from
R'% and R"'” is H and the other member selecied from R™"
and R''" is a member selected from halo, methyl. cyano,
methoxy, hydroxymethyl and p-cyanophenyloxy. In another
exemplary embodiment, R'® and R''? are members indepen-
dently selected from fluoro, chloro, methyl, cyano, methoxy,
hydroxymethyl, and p-cyanophenyl. In another exemplary
embodiment, R'” is a member selected from a negative
charge. H and a salt counterion; R7* is H: R*** is F and R'**
is [1. In another exemplary embodiment, R*# and R'*%, along
with the atoms to which they are attached, are joined to form
a phenyl group. In another exemplary embodiment, R' is a
member selected from a negative charge. H and a salt coun-
terion; R™ is I; R'" is 4-cyanophenoxy: and R'? is H,

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

{Iic)
O____Rln

B
\0

R_ID!-
R*® H

wherein R'®” is a member selected from H, halogen, CN and
substituted or unsubstituted C, _, alkyl. In another exemplary

embodiment, the compound has a formulation which is a _

member selected from:

OH On

O and 0]
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In another exemplary embodiment, the compound has a
structure according to Formula (11d):

; (1Tedy
Hhsh X2
O—R
pite }L_L R
N
\0 R2
RI0E
R H o R®

wherein B is boron. R* is a member selected from substituted
or unsubstituted C -C, alky] and substituted or unsubstituted
C,-C; heteroalkyl. R** and R** are members independently
selected from H. substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl. and substituted or
unsubstituted heteroaryl.

The compounds of Formulae (1) or (II) can form a hydrate
with water, solvates with alcohols such as methanol. ethanol,
propanal, and the like; adducts with amino compounds, such
as ammonia, methylamine, ethylamine, and the like; adducts
with acids, such as formic acid, acetic acid and the like;
complexes with ethanolamine. quinoline, amine acids, and
the like.

Preparation of Boron-Containing Small Molecules

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

In the following schemes, the symbol X represents bromo
or iodo. The symbol Y is selected from H, lower alkyl, and
arylalkyl. The symbol Z is selected from H, alkyl, and aryl.
The symbol PG represents protecting group. The symbols A,
D.E,G.R* R".R*,R'.R*.R*,R* ", R*,R",R* R" R'*.R"
and R'? can be used to refer to the corresponding symbols in
Formulae (1) or (I1). For example, the symhol A can refer to
Al of Formula (I}, or A2 of Formula (II), subject to the
provisos of each Formula.

Preparation Strategy #1

In Scheme 1, Step 1 and 2, compounds 1 or 2 are converted
nto alcohol 3. In step 1, compound 1 1s treated with a reduc-
ing agent in an appropriate solvent. Suitable reducing agents
include borane complexes. such as borane-tetrahydrofuran,
borane-dimethylsulfide. combinations thereof and the like.
Lithium alominum hydride, or sodium borohydride can also
be used as reducing agents. The reducing agents can be used
in quantities ranging from 0.5 to 5 equivalents, relative to
compound 1 or 2. Suitable solvents include diethy] ether,
tetrahydrofuran, 1,4-dioxane. 1.2-dimethoxyethane, combi-
nations thereof and the like. Reaction temperatures range
from 0° C. to the boiling point of the solvent used; reaction
completion times range from 1 to 24 h.

I Step 2. the carbonyl group of compound 2 is treated with
a reducing agent in an appropriate solvent. Suitable reducing
agents include borane complexes, such as borane-tetrahydro-
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furan, borane-dimethylsulfide, combinations thereof and the
like. Lithium aluminum hydride, or sodium borohydride can
also be used as reducing agents. The reducing agents can be
used in quantities ranging from 0.5 to 5 equivalents. relative
to compound 2. Suitable solvents include lower aleohol, such
as methanol, ethanol, and propanol, diethyl ether, tetrahydro-
furan, 1.4-dioxane and 1,2-dimethoxyethane. combinations
thereof and the like. Reaction temperatures range from 0° C.
to the hoiling point of the solvent used: reaction completion
times range from 1 to 24 h.

In Step 3, the hydroxyl group of compound 3 is protected
with a protecting group which is stable under neutral or basic
conditions. The protecting group is typically selected from
methoxymethyl, ethoxyethyl. tetrahydropyran-2-yl, trimeth-
ylsilyl, tert-butyldimethylsilyl, tributylsilyl, combinations
thereol'and the like. In the case of methoxymethyl, compound
3 is treated with 1 to 3 equivalents of chloromethyl methy]
ether in the presence of a base. Suitable bases include sodium
hydride, potassium tert-butoxide, tertiary amines, such as
diisopropylethylamine, triethylamine, 1,8-dinzabicyelo|5.4.,
OJundec-7-ene, and inorganic bases, such as sodivm hydrox-
ide, sodium carbonate, potassium hydroxide, potassium car-
bonate, combinations thereof and the like. The bases can be
used in quantities ranging from 1 to 3 equivalents, relative to
compound 3. Reaction temperatures range from 0° C. to the
boiling point of the solvent used: preferably between 0 and
40° C.,; reaction completion times range from 1 to 48 h.

In the case of tetrahydropyran-2-yl, compound 3 is treated
with 1 to 3 equivalents of 3.4-dihydro-ZH-pyran in the pres-
ence of 1 to 10 mol % of acid catalyst. Suitable acid catalysts
include pyridinium p-toluenesulfonic acid, p-toluenesulfonic
acid, camphorsulfonic acid, hydrogen chloride, sulfuric acid,
combinations thereof and the like. Suitable solvents include
dichloromethane, chloroform, tetrahydrofuran, 1.4-dioxane,
1.2-dimethoxyethane, toluene, benzene, and acetonitrile
combinations thereof and the like. Reaction temperatures
range from 0° C. 1o the boiling point of the solvent used;
preferably between 0 and 40° C., and is completein 1 to 48 h.

In the case of trialkylsilyl, compound 3 is treated with | to
3 equivalents of chlorotrialkylsilyane in the presence of 1 to 3
equivalents of base, Suitable bases include tertiary amines,
such as imidazole, diisopropylethylamine, triethylamine, 1,8-
diazabicyclo[5.4,0)lundec-7-ene, combinations thereof and
the like. Reaction temperatures range from 0° C. 1o the boiling
point of the solvent used: preferably between 0 and 40° C.;
reaction completion times range from 1 to 48 h.

In Step 4, compound 4 is converted into boronic acid (5)
through halogen metal exchange reaction. Compound 4 is

treated with 1 to 3 equivalents of alkylmetal reagent relative to

compound 4, such as n-butyllithium, sec-butyllithium, tert-
butyllithinm, or isopropylmagnesium chloride followed by
the addition of 1 to 3 equivalents of trialkyl borate relative to
compound 4, such as trimethy] borate. triisopropyl borate, or

tributyl horate. Suitable solvents include tetrahydrofuran, s

ether, 1.4-dioxane, 1,2-dimethoxyethane, toluene, hexanes,
combinations thereof and the like. Alkylmetal reagent may
also be added in the presence of trialky] borate. The addition
of butyllithium is carried out at between =100 and 0° C.,
preferably at between —80 and —40° C. The addition of iso-
propylmagnesium chloride is carried out at between —80 and
40° C., preferably at between -20 and 30° C. After the addi-
tion of trialkyl borate, the reaction is allowed to warm to room
temperature, which is typically between 15 and 30° C. When
alkylmetal reagent is added in the presence of trialkyl borate,
the reaction mixture is allowed to warm to room temperature
afier the addition. Reaction completion times range from 1 to
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12 h. Compound 5 may not be isolated and may be used for
the next step without purification or in one pot.

In Step 3, the protecting group of compound 5 is removed
underacidic conditions to give compound of Formulae (T) and
(II). Suitable acids include acetic acid, trifluoroacetic acid.
hydrochloric acid, hydrobromic acid. sulfuric acid, p-tolu-
enesulfonic acid and the like. The acids can be used in quan-
tities ranging from 0.1 to 20 equivalents, relative to com-
pound 5. When the protecting group is trialkylsilyl, basic
reagents, such as tetrabutylammonium fluoride, can also be
used. Suitable solvents include tetrahydrofuran, 1.4-dioxane,
1,2-dimethoxyethane, methanol, ethanol, propanol, acetoni-
trile, acetone, combination thereof and the like. Reaction
temperatures range from 0° C. to the boiling point of the
solvent used; preferably between 10 and 40° C.; reaction
completion times range from 0.5 to 48 h.

(9) g

Step 1
o G X

SN

Step 3
—tr——

OH

Sl—tm

~

R R4

ra

TorIL R'=H, W=(CR*R"jm. m=0

Preparation Strategy #2

In Scheme 2. Step 6, compound 2 is converted into boronic
acid (6) via a transition metal catalyzed cross-coupling reac-
tion. Compound 2 is treated with 1 to 3 equivalents of bis
(pinacolato)diboron or 4,4.5,5-tetramethyl-1,3,2-dioxaboro-
lane in the presence of transition metal catalyst, with the use
of appropriate ligand and base as necessary, Suitable transi-
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tion metal catalysts include palladium(1l) acetate. palladium
(I} acetoacetonate, tetrakis(triphenylphosphine)palladium,
dichlorobis(triphenylphosphine)palladium, [1,1'-bis{diphe-
nylphosphino)ferrocen]dichloropalladivm(1l), combinations
thereof and the like. The catalyst can be used in quantities
ranging from 1 to 5 mol % relative to compound 2. Suitable
ligands include triphenylphosphine. tri{o-tolyl)phosphine,
tricyclohexylphosphine, combinations thereof and the like.
The ligand can be used in quantities ranging from 1 to 5
equivalents relative 1o compound 2. Suitable bases include
sodium carbonate, potassium carbonate, potassium phenox-
ide, triethylamine, combinations thercof and the like. The
base can beused in quantities ranging from 1 to 5 equivalents
relative to compound 2. Suitable solvents include N.N-dim-
ethylformamide, dimethylsultoxide, tetrahydrofuran, 1,4-di-
oxane, toluene, combinations thereof and the like. Reaction
temperatures range from 20° C. to the boiling point of the
solvent used: preferably between 30 and 150° C.; reaction
completion times range from [ to 72 h.

Pinacol ester is then oxidatively cleaved to give compound
6. Pinacol ester is treated with sodium periodate followed by
acid, Sodium periodate can be used in quantities ranging from
2 to 5 equivalents relative to compound 6. Suitable solvents
include tetrahydrofuran, 1.4-dioxane, acetonitrile, methanol,
ethanol, combinations thereof and the like. Suitable acids
include hydrochloric acid. hydrobromic acid, sulfuric acid
combinations thereof and the like. Reaction temperatures
range from (¢ C. to the boiling point of the solvent used;
preferably between 0 and 507 C.; reaction completion times
range from 1 10 72 h.

In Step 7, the carbony| group of compound 6 is treated with
areducing agent in an appropriate solvent to give a compound
of Formulae (1) and (I[). Suitable reducing agents include
borane complexes. such as borane-tetrahydrofuran, korane-
dimethylsulfide, combinations thereot and the like. Lithium
aluminum hydride. or sodium borohydride can also be used as
reducing agents. The reducing agents can be used in quanti-
ties ranging from (0.5 to 5 equivalents, relative to compound 6.
Suitable solvents include lower alcolol, such as methanol.
ethanol, and propanol, diethyl ether. tetrahydrofuran, 1.4-
dioxane and 1.2-dimethoxyethane, combinations thereof and
the like, Reaction temperatures range from 0° C. to the boiling
point of the solvent used: reaction completion times range
from 1 to 24 h.

Scheme 2
OH
T G B/
I T|/ =" Son
i} Z &
"\_A/ Step 6 D..\\/ 7 Step 7
0 ‘ !
2 6
OR!
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T
i I N
D W
\A/ g

Lor IL R'=H, W=(CR®R"jm, m=0

Preparation Strategy #3

In Scheme 3, Step 8. compounds of Formulae (1) and (11)
can be prepared in one step from compound 3. Compound 3
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is mixed with tralkyl borate then treated with alkyvlmetal
reagent. Suitable alkylmetal reagenis include n-butyllithium,
sec-butyllithium, tert-butyllithium combinations thereof and
the like. Suitable trialkyl borates include trimethyl borate,
trii sopropyl borate, tributyl borate, combinations thereof and
the like. The addition of butyllithium is carried out at between
=100 and 0° C., preferably at between =80 and -40° C. The
reaction mixture is allowed to warm to room temperature
afier the addition. Reaction completion times range from 1 to
12 h. The trialkyl borate can be used in quanfities ranging
from 1 to 5 equivalents relative to compound 3. The alkyl-
metal reagent can be used in quantities ranging from 1 to 2
equivalents relative to compound 3. Suitable solvents include
tetrahydrofuran, ether, 14-dioxane, 1,2-dimethoxyethane,
toluene, hexanes, combinations thereof and the like. Reaction
completion times range from 1 to 12 h. Alternatively, a mix-
ture of compound 3 and trialkyl borate can be refluxed for 1 to
3 h and the alcohol molecule formed upon the ester exchange
can be distilled out before the addition of alkylmetal reagent.

OR!
7N I
I Step 8 E/G

I

B
i(
.
R4 \z\/

7
3 Tor IT, R!=I, W={CR"R")m, m=0

\M

¥

Preparation Strategy #4

In Scheme 4, Step 10, the methy] group of compound 7 is
brominated using N-bromosuccinimide. N-bromosuccinim-
ide can be used in guantities ranging from 0.9 to 1.2 equiva-
lents relative to compound 7. Suitable solvents include carbon
tetrachloride, tetrahydrofuran, 1.4-dioxane. chlorobenzene,
combinations thereof and the like. Reaction temperatures
range from 20° C. to the boiling point of the solvent used;
preferably between 50 and 150® C.; reaction completion
times range from 110 12 h.

In Step 11, the bromomethylene group of compound 8 is
converted to the benzyl alcohol 3. Compound 8 is treated with
sadium acetate or potassium acetate. These acetates can be
used in quantities ranging from 1 to 10 equivalents relative to
compound 8. Suitable solvents include tetrahydrofuran, 1.4-
dioxane, N.N-dimethyl formamide, N,N-dimethylacetamide,
N-methylpyrrolidone,  dimethylsulfoxide, combinations
thereof and the like. Reaction temperatures range from 20° C.
to the boiling point of the solvent used; preferably between 50
and 100° C.; reaction completion times range from 1to 12 h.
The resulting acetate is hydrolyzed to compound 3 under
basic conditions. Suitable bases include sodium hydroxide,
lithium hydroxide, potassium hydroxide, combinations
thereof and the like. The base can be used in quantities rang-
ing from 1 to 5 equivalents relative to compound 8, Suitable
solvents melude methanol, ethanol. tetrahydrofuran, water,
combinations thereof and the like. Reaction temperatures
range from 20° C. to the boiling point of the solvent used;
preferably between 50 and 100° C.; reaction completion
times range from 1 to 12 h. Alternatively, compound 8 can be
directly converted into compound 3 under the similar condi-
tion above.

Steps 3 through 5 convert compound 3 into a compound of
Formulae (1) and (II).
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Preparation Strategy #5

In Scheme 5, Step 12, compound 2 is treated with (meth-
oxymethyl) triphenylphosphonium chloride or (methoxym-
ethyltriphenylphosphonium bromide in the presence of base
followed by acid hydrolysis te give compound 9. Suitable
bases include sodinum hydride, potassium tert-butoxide.
lithium diisopropylamide. butyllithium. lithium hexamethyl-
disilazane, combinations thereof and the like. The (meth-
oxymethytriphenylphosphonium salt can be used in quan-
tities ranging from | to 5 equivalents relative to compound 2.
The base can be used in quantities ranging from 1 to 5 equiva-
lents relative to compound 2. Suitable solvents include tet-
rahydrofuran, 1,2-dimethoxyethane, 1.4-dioxane, ether, tolu-
ene, hexane, N, N-dimethylformamide, combinations thereof
and the like. Reaction temperatures range from 0° C. to the
boiling point of the solvent used; preferably between 0 and
30° C.; reaction completion times range from 1 to 12 I, The
enolether formed is hydrolyzed under acidic conditions. Suit-
ahle acids include hydrochloric acid, hydrobromic acid, sul-
furic acid, and the like. Suitable solvents include tetrahvdro-
furan, 1.2-dimethoxyethane, 1,4-dioxane. methanol. ethanol.

combination thereof and the like. Reaction temperatures s

range from 207 C. to the boiling point of the solvent used;
preferably between 50 and 1007 C.; reaction completion
times range from 1 to 12 h.

Steps 2 through 5 convert compound 9 into a compound of _

Formulae (I) and (II).
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_ -continued
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Steps 2 though 5
—
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LorIl, R'=H

Preparation Strategy #6

In Scheme 6, compound (1) wherein R' is H is converted
into compound (I) wherein R' is alkyl by mixing with the
corresponding aleohol, R'OH. The suitable solvents include
tetrahyvdrofuran. 1.2-dimethoxyethane. 1.4-dioxane, toluene,
combinations thereof and the like. The alcohol (R'OH) can be
used as the solvent as well. Reaction temperatures range from
20° C. to the boiling point of the solvent used; preferably
between 50 and 100° C.; reaction completion times range
from 1 to 12 h.

o 0
G B |
ﬁ/ ji \,‘i{ Step 13 E/GiB\M
D W I |
NFE N D.\A AN, P

A 1

TorILR!' =H lorllLRl = H

Preparation Strategy #7

In Scheme 7. compound (Ta) is converted into its aminoal-
cohol complex (Ib). Compound (la) is treated with
HOR'NR'?R'*. The aminoalcohol can be used in quantities
ranging from 1 to 10 equivalents relative to compound (Ia).
Suitable solvents include methanol, ethanol, propanel, tet-
rahydrofuran, acetone. acetonitrile, 1,2-dimethoxyethane,
1 ,4-dioxane. toluene, N.N-dimethylformamide, water, com-
bination thereof and the like. Reaction temperatures range
from 20° C. to the boiling point of the solvent used; preferably
between 50 and 100° C.: reaction completion times range
from 1 to 24 h.

Scheme 7

Ibor1Ib

laor la
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The compounds of Formulae (1) or (I1) can be converted
into hydrates and solvates by methods similar to those
described above.

1V, Methods of Inhibiting Microorganism Growth or
Killing Microorpanisms

Inanother aspect. the invention provides amethod of mhib-
iting the growth of a microorganism, or kiiling a microorgan-
ism, or both, comprising contacting the microorganism with a
compound according to Formulag (1) or (11). Microorganisms
are members selected from fung, yeast, viruses, bacteria and
parasites. In another exemplary embodiment, the microor-
ganism is inside, or on the surface of an animal. Inan exem-

plary embodiment. the animal s a member selected from |

human, cettle. deer. reindeer, goat, honey bee, pig, sheep,
horse, cow. bull, dog, guinea pig. gerbil, rabbil, cat. camel,
yak, elephant. ostrich. atter, chicken, duck, goose. guinea
fowl, pigeon. swan, and lurkey, In another exemplary
embodiment, the animal is a human

In an exemplary embodiment, the microorganism is a
member selected {rom a fungus and a yeast. In another exem-
plary embodiment. the tungus or yeast is a member selected
from Candida specics, Trichophyton species, Micrasporium
species. Aspergillus species. Creptococens species. Blasto-
myces species, Cocciodiodes species, Histoplasma species,
Paracoccidindes species, Phycomyveetes species, Malassezia
specics, Fusarium species, Lpidermophyton species, Scva-
lidium species, Scopulariopsis species. Allernaria species,
Penicillium species, Phiafophora species, Rhizopus species,
Seedosporium spacies and Zygomycetes class. In another
exemplary embodiment, the fungus or yeast is a member
selected from Aspergilus fimigatus (4. fionigatus), Blasto-
myces dermatitidis, Candida Albicans (C. albicans. both flu-
conazole sensitive and resistant strains), Candida glabrata
(C glabrara), Candida krusei (C. krusel). Cryptococcus hev-
Sormans (C. neoformans), Candida pavapsilosis (C. parapsi-
losis), Candida tropicalis(C. tropicalis). Cocciodiodes immi-
tis, Epidermophiton floccosum (E. floccosum), Fusarium
solani (£ solani), Histoplasma capsulaium, Malassezia fir-
Sur (M _furfur), Malassezia pachvdermatis (M. pachyderma-
1is). Malassezia sympodialis (M. sympodialis), Microsporum

dowinii (M. audouiniiy, Microsporum canis (M. canis),
Microsporin gvpseum (M. gypseum), Faracoccidiodes bra-
siliensis and Phycomycetes spp. Trichophvion meniagro-
phytes (T memiagrophviesy, Trichophvion  rubrum (T,
rubrion). Trichophyton tonsurans (T. tonsurans). In another
exemplary embodiment. the fungus or yeast is a member
selected from Trickophyion concenricum, T violaceum, T.
schoenleinii, T. verricosum, T. soudanense, Microsporum
gvpseun. M. equinum, Candida guilliermondii, Malassezia
globosa, M. obtuse, M. restricta, M. siooffiae. and Asperaifius
Savus. In enother exemplary embodiment. the fingus oryeast
is a member selected from dermatophytes, Trichophyton,
Microsporum, Epidermophyion and yeast-like fungi.

[n an exemplary embodiment, the microorganism is a bac-
teria. In an exemplary embodiment, the bacteria is a gram-
positive hacteria. In another exemplary embodiment. the
gram-positive bacteria is a member selected from Sraphylo-

coccus species, Steploroceus species, Bacillus species.

Mycobacteriwm spedies, Corynebacterium species {(Propi-
onthacterium species). Clostridivm species. definomyess
species, Enterococcus species and Streplomyces species. n
another exemplary embodiment, the bacteria 1s a gram-nega-
tive bacieria. In another exemplary embodiment, the gram-
negative baeteria is 2 member selected from Aeinetobacter
species, Neisseria species, Psewdomonas species, Bricella
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species, dgrobacterium species, Bordetella species. Escheri-
chia species. Shigelia species, Yersinia species. Salmonella
species, Klebsiella species, Enterobacter species, faemopii-
tets species, Pasteurclla species. Streprobacillus species, spi-
rachetal species, Campviobacter species. Vibrio species and
Helicobacter species. In another exemplary embadiment, the
bacterium is a member sclected from Propioribacterium
acries; Staphylococcus aurcus: Staphvlococcus epidermidis,
Staphviococcus  saprophyvticus;  Stréeplococcus pyogeneés:
Streptococcus  agalactiae;  Streptococcus  pneumoniae:
Enterococeus faecalis: Enterococcus faecium; Bacillus
anthracis; Mycobacierivm avium-intracellulare; Mycobac-
terinm tuberculosis, Acinetobacter baumanii: Connebacte-
rium diphtheria; Clostridium perfringens; Clostridium boru-
inum; Clostridium teteni; Neisseria gonorrhoeae: Neisseria
me mingitidis; Pscwdomonas acruginosa; Legionella pneuma-
phila: Escherichia coli: Yersinia pestis: Haemophilus influ-
enzae; Helicobacter pylovi; Campyvlobacter fetus; Campylo-
bacter jejuni; Vibrio cholerae: Vibrio parahemolyviicus:
Tn-‘m;mena ‘i:mﬂil:fmu, ,-ir."rinom:rcvn Rickertsia
prowvazekii: Rickeitsia vickettsii: Chlamydia trachomatis:
Chiamydia psittaci; Brucella abortus; Agrobacterivm tume-

israelii;

Jaciens: and Francisella tlarensis.

In an exemplary embodiment. the microorganism 1s a bac-
terig, which is a member selected from acid-fast bacterium,
including Myveobacierium species; bacilli. including Bacillus
species. Corvnebacterium species (also Propionibacterium)
and Clostridium species: filamentons bacteria, including
Actinomyces species and Strepromyces species: bacilli. such
as Pseudomonas species. Brucella species. Agrobacterium
species, Borderella species, Escherichia species, Shigella
species. Yersinia species, Salmonella species. Klebsiella spe-
cics, Enterobacrer species. Haenmophilus species. Pasteurella
species, and Streptobacilius species: spirochetal species.
Campylobacter species, Vibrio species; and intracellular bac-
teria including Rickertsice species and Chlamydia species.

In an exemplary embodiment. the microorganism is a
virus. In an exemplary embodiment, the virus is a member
selected from hepatitis A-B, human rhinoviruses, Yellow
fever virus. human respiratory coronaviruses, Severe acute
respiratory svndrome (SARS), respiratary syncytial virus,
mfluenza viruses, parainfluenza viruses 1-4. human immuno-
deficiency virus 1 (HIV-1). human immunodeficiency vinis 2
(HIV-2), Herpes simplex virus 1 (HSV-1). Herpes simplex
virus 2 (HSV-2), human cytomegalovirus (HCMY), Vancella
zoster virus, Epstein-Barr (EBV), polioviruses, coxsackicvi-
mises. echoviruses. rubella virus. neuroderma-tropic virus,
variola virus, papoviruses, rabies virus, dengue virus, West
Nile virus and SARS virus. In another exemplary embodi-
ment, the virus is a member selected from picomaviridae.
flavivindae, coronaviridae, paramyxoviridae, orthomyx-
oviridae, retroviridae, herpesviridae and hepadnaviridae, In
another exemplary embodiment. the virus is a member
selected from a virus included in the [ollowing table;

TABLE A

Viruges

Vins Category Pertinent Human Infections

RNA Vimses

Palio

ihwnan bepatitis A
Human rhinovirus
Ritbella - German measles

Yellow fever

Picomavindae

Togariridae and
Flaviviridse
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TABLE A-continued

Vinges

Virus Category Pertineat Human Infections

Comnaviridas Hurmun respiratory coromavinus (HOV)
Severe acute respiratory syndramne (SAR)
Lyssavirug - Rabies

Paramyxovine - Mumnps

Morbilvinis - measles

Prewnoving - respirstory syocynal vinus
Influenza A-C

Bunyavinus - Busyamwers (BUN)
Hantavirue - Hantaan {HTN)

Nairevinis - Crimean-Congo hemormrhage
fever {CCHF)

Phlebovinus - Sandily fever (SEN)
Uiknvirus - Thelaaniemi (UUK)

Rifi Valley Fever (RVFN)

Junin - Argentine hemorrbagic fever
Miehupo - Bolivian temorrhagic Tever
Lasss - Lasea fever

LCM - aseptic lymphoacyetic choriomeningitis
Retovinas

Reovins

Orbivins

Human immunodeficency vins 1 (HIV-1)
Human immunodeficency vins 2 (HIV-2)
Simian imrmunodeficiency vious (STV)

DNA Virscs

Rhabdoviridee

Parumysoviridas

Orthomyxovindae

Runyaviridae

Arenaviridae

Reoveridae

Retrovindse

Papovavindas
Adenoviridae

Pediatrie vinises thar reside in kidnev

Human respiratory distress and some deep-geated eye
nfections

Human gastro-imestinal distress (Norwalk Virg)
Herpes simplex virus 1 (HSV=1)

Herpes simpleat virmes 2 (HSVED)

Human cytemeglovirus (HCMV}

Vanicella zoster varus (VZV )

Epstein-Barr vins (EBV)

Human herpes virus ¢ (HHVES)

Onthepaxvins is sub.gemis for smalipox
Hepatitis B virus (HEV)

Hepatitis C vims {HCWV)

Parvoviridae
Hemesviridas

Powviridae
Hepadnaviridse

In another exemplary embodiment. the microorganism is a
parasite. In anexemplary embodiment. the parasite is a mem-
ber selected from Plasmodium falciparum, P vivax, P. ovale
P malariae, P.berghei, Leishmania donovani, L infantum, L.
chagasi, L. mexicana, L. amazonensis, L. venezuelensis. L.
tropics. L. major. L. minor. L. aeihiopica. L. Biana brazilien-
sis, L. (V.)guvanensis, L.(V) panamensis. L. (V.) peruviana,
Iryparosama bricei rhodesiense, 1. brucei gambiense, 1.
cruzi, Giardia iniestinalis, G. lambda, Toxoplasma gondii,
Entamoeba histohtica. Trichomonas vaginalis. Pneumocys-

tis carinii, and Cryprosperidium parvam.
V. Methods of Treating or Preventing Infections

[n another aspect. the invention provides a method of treat -
ing or preventing an infection, or both, The method includes
administering to the animal a therapeutically etfective
amount ofthe compound of the invention, sufficient to treat or
prevent said infection. In an exenmplary embodiment, the
compeund of the invention is according to Formulae (1) or

(I1}. Inanother exemplary embodiment, the animal is a mem-

ber selected from human, cattle, deer, reindeer, goat, honey
bee, pig. sheep. horse. cow bull. dog. guinea pig. gerbil.
rabbit, cat, camel, yak, elephant, ostrich, otter, chicken, duck,
gonse, guines fowl, pigeon, swan, and furkey. In another
exemplary embodiment, the animal is a human. In another
exemplary embodiment, the animal is a member selected
fram a luman. caftle, goat, pig, sheep, horse, cow, bull, dog,
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guinea pig, gerbil, rabbit, cat, chicken and turkey. In another
exemplary embodiment. the infection is a member selected
from a S}'Siel’!'l.iﬂ‘ infection, a cuaneous infection, and an
ungual or periungual infection.

V. &1} Methods of Treating of Preventing Ungual and/or Peri-
ungnal Infections

In another aspect. the invention provides a method of treat-
ing or preventing an ungnal ard/or periungual infection. The
method includes administering o the animal atherapeutically
effective amount of the compound of the invention, sufficient
0 treat or prevent said infection. In another exemplary
embodiment, the method includes administering the com-
pound of the invemion at a sie which is a member selecied
from the skm, nail, hair, hoof, claw and the skin surrounding
the nail. hair, hoof and claw.

V. a) 1) Onychomycosis

Onychomycosis is a disease of the nail caused by yeast,
dermatophytes, or other molds. and represents approximately
50% of all nail disorders. Toenail nfection acconnts for
approximately 80% of onychomycosis incidence, while fin-
gernails are affected in about 2% of the cases. Dermato-
phwies are the most frequent cause of nail plate invasion,
particularly in toenail ouychomycosis, Onychomycosis
cased by a dermatophyte is termed Tinea nngunium. Tricho-
phyvion rubram is by far the most frequently isolated dermato-
phyte. followed by T. mentagrophytes. Distal subungual ony-
chomycosis is the most common presentation of tinea
ungninm, with the main site of entry through the hypony-
chium (the thickened epidermis underneath the free distal end
of 2 nail) progressing n time to involve the nail bed and the
nail plate. Discoloration. onycholysis, and accumulation of
subungual debris and nail plate dystrophy characterize the
disease. The disease adversely affects the quality of life ofits
victims, with subject complaints ranging from unsightly nails
and discomfort with footwear, 1o more sericus complications
meluding secondary bacterial infections.

Many methods are known for the treatment of fungal infec-
tions, including the oral and topical use of antibiotics (e.g..
nysiatin and amphotericin B), imidazole anti-fungal agents
such as miconazole, clotrimazole, fluconazole, econazole and
sulconarcle, and non-imidazole fungal agents such as the
allylamine derivatives terbinafine and naftifine, and the ben-
zylamine butenafine.

However, onychomycosis has proven to be resistant to
most treatments. Nail fungal infections reside in an area dif-
ficult to access by conventional topical reatment and anti-
fungal drugs cannot readily penetrate the nail plate to reach
the infection sites undler the nail. Therefore. onychomycosis
has traditionally been trealed by oral administration of anli-
fungal drugs; however, clearly this is undesirable due 10 the
potential for side effects of such drugs. in particular those
caused by the more potent anti-fungal drugs such as iracona-
role and ketoconaznle. Analternative method of treatient of
onychomycosis is by removal of the nail before treating with
a topically active anti-fungal agent: such a method of treat-
ment is equally undesirable. Systemic antimycotic agents
require prolonged use and have the potential for significant
sideeflects. Topical agents have usually been of little benefit,
primarily hecause of poor penetration of the anti-fungal
agents into and through the nail mass.

In an exemplary embodiment. the invention provides a
method of treating or preventing onychomycosis, Themethod
includes administering to the animal a therapeutically effec-
tive amount ol a pharmaceutical formulation of the inveniion,
sufficient totreat orprevent onychomyensis. In another exem-
plary embodiment, the methed includes administering the
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pharmaceutical formulation of the invention at a site which is
amember selecled from the skin, nail, hair, hoof, claw and the
skin surrounding the nail, hair, hoof and claw. In another
exemplary embodiment, the pharmaceutical formulation
includes a compound having a structure according to Formula
(1Ib). In another exemplary embodiment, R'” is H. In another
exemplary embodiment, R'®” and R'** are H. In another
exemplary embodiment, 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. eyano, methoxy.
hydroxymethyl and p-cyanophenyloxy. In another exemplary
embodiment, R'™ and R'" are members independently
selected from fluoro, chloro, methyl, cyano, methoxy,
hydroxymethyl, and p-cyanophenyl. In another exemplary
embodiment, R'? is H; R7?is H; R" is Fand R"*? are H. In
another exemplary embodiment, R'"” and R'®", along with
the atoms to which they are attached, are joined to form a
phenyl group.

V. a) 2) Other Unugal and Periungual Infections

In an exemplary embodiment, the invention provides a
method of treating or preventing an ungual or periungual
infection in a mammal. This method comprising administer-
ing to the mammal a therapeutically effective amount of a
compound of the invention, thereby treating or preventing the
ungual or perinngual infection. In an exemplary embodiment,
the ungual or periungual infection is a member selected from:
chloronychia, paronychias, erysipeloid. onychorrhexis, gon-
orrhea, swimming-pool granuloma, larva migrans, leprosy.
Orf nodule, milkers™ nodules, herpetic whitlow, acute bacte-
rial perionyxis, chronic perionyxis, sporotrichosis, syphilis,
tuberculosis verrucosa cutis. tularemia, tungiasis, peri- and
subungual warts, zona, nail dystrophy (trachyonychia), and
dermatological diseases with an effect on the nails, such as
psoriasis. pustular psoriasis, alopecia aerata, parakeratosis
pustulosa, contact dermatosis, Reiter’s syndrome, psoriasi-
form acral dermatitis, lichen planus, idiopathy atrophy in the
nails, lichin nitidus, lichen striatus, inflammatory linear ver-
rucons epidermal naevus (ILVEN), alopecia, pemphigus,
bullous pemphigoid, acquired epidermolysis bullosa, Dari-
er’s disease, pityriasis rubra pilaris. palmoplantar kerato-
derma, contact ecrema, polymorphic erythema, scabies.
Bazex syndrome, systemic scleroderma, systemic lupus
erythematosus, chronic lupus erythematosus, dermatomyosi-
tus.

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

In an exemplary embodiment, the infection is of the skin,
nail, hair, claw or hoof, hair, ear and eye and is a member
selected from Sporotrichosis, Mycotic keratitis, Extension
oculomycosis, Endogenous oculomycosis, Lobomycosis,

Mycetoma, Piedra, Pityriasis versicolor, Tinea corporis, s

Tinea cruris, Tinea pedis, Tinea barbae, Tinea capitis, Tinea
nigra, Otomycosis. Tinea favosa, Chromomycosis. and Tinea
Imbricata.

V. b) Methods of Treating Systemic Diseases

In another aspect. the invention provides a method of treat-
ing a systemic disease. The method involves contacting an
animal with a compound of the invention. The method of
delivery for treatment of systemic diseases can be oral, intra-
venous or transdermal,

[n an exemplary embodiment, the infection is systemic and
is a member selected from candidiasis, aspergillosis, coceid-
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ioidomycosis, cryptococcosis, histoplasmosis, blastomyco-
sis, paracaccidioidomycosis, zygomycosis, phacohyphomy-
cosis and thinosporidiosis.

V. ¢) Methods of Treating Diseases Involving Viruses

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

V. d) Methods of Treating Diseases Involving Parasites

The compounds of the invention are useful for the treat-
ment of diseases of both animals and humans, involving
parasites. In an exemplary embodiment, the disease is a mem-
ber selected from malaria, Chagas’ disease, Leishmaniasis,
Alrican sleeping sickness (Alrican human trypanosomiasis),
giardiasis. toxoplasmosis, amebiasis and cryptosporidiosis.

V1. Methods of Nail Penetration

It is believed that poor penetration of the aclive agent
through the hoof or nail plate and/or excessive binding 1o
keratin, (the major protein in nails and hair) are the reasons for
the poor efficacy of 8% ciclopirox wiw incommercial lacquer
and other topical treatments that have failed in clinical trials.
In mild cases of onychomycosis, the pathogenic fungi reside
in the nail plate only. In moderate to severe cases the patho-
genic fungi establish a presence in the nail plate and in the nail
bed. If the infection is cleared from the nail plate but not from
the nail bed, the fungal pathogen can re-infect the nail plate.
Therefore, to effectively treal onychomycosis, the infection
must be eliminated from the nail plate and the nail bed. To do
this. the active agent must penetrate and disseminate substan-
tially throughout the nail plate and nail bed.

It is believed that in order for an active agent to be effective
once disseminated throughout the infected area, it must be
bivavailable to the fungal pathogen and cannot be so tightly
and/or preferentially bound to keratin that the drug is ren-
dered inactive,

An understanding of the morphology of the nail plate sug-
gests certain physicochemical properties of an active agent
that would facilitate penetration of the nail plate. The desired
phvsicochemical properties are described throughout. The
tested compounds of the present invention are able to pen-
etrate the nail plate and were also active against Trichophyvton
rubrum and mentagrophvtes and other species. In addition,
the tested compounds are also active against Trichophyton
rubrum in the presence of 5% keratin powder.

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

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

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

In one embodiment of the present invention the compound
has a Log P value of between about -3.5 1o about 2.5, In
another exemplary embodiment. the componnd has a Log P
value of from about —1.0 to about 2.5. In another exemplary
embodiment, the compound has a Log P value of from about
=-1.0 to about 2.0. In another exemplary embodiment, the
compound has a Log P value of from about -0.5 to about 2.5,
In another exemplary embodiment. the compound has a Log
P value of from ahout —0.5 to about 1.5, Inanother exemplary
embodiment, the compound has a Log P value of from akout
0.5 to about 2.5. In another exemplary embodiment, the com-
pound has a Log P value of fromabout 1.0 to about 2.5 In yet
another exemplary embodiment, the compound has 2 Log P
value of 1.9 or 2.3,

Also contemplated by the present invention is a compound
witha Log P value less then 2.3, with a molecular weight less
than 200 Da. that are still able to penetrate the nail plate.

In one embodiment of the present invention the compound
has a water solubility between about 0.1 mg/mI to | g/mL in
octanol saturated water. In one embodiment of the present
invention the compound has a water solubility of between 0.1
mg/mL and 100 mg/mL. In another embodiment of this
mvention, the compound has a water solubility of from about
0.1 mg/mL and 10 mg/mL. In another embodiment of this
invention, the compound has a water solubility of from about
0.1 mg/mL and I mg/mL. In another embodiment of this
invention, the compound has a water solubility of from about
S mg'mL and 1 g/mL. In another embodiment of this inven-
tion, the compound has a water solubility of from about 10
mg/mL and 500 g/mL. In another embodiment of this inven-
tion, the compound has a water solubility of from about 80
mg/mL and 230 mg/mL.

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

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

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

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

Penetration of the nail by the active ingredient may be
effected by the polarity of the formulation. However, the
polarity of the formulation is not expected have as much
influence on nail penetration as some of the other factors,
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such as the molecular weight or the Log P of the active
ingredient. The presence of penetration enhancing agents in
the formulation is likely to increase penetration of the active
agent when compared to similar formulations containing no
penetration enhancing agent

Some examples of molecules with optimal physicochemi-
cal properties are given in the table below.

?}l OH
B, B
N N\
0] O
E Cl
Structure: {eompound 1) {comporind 2}
Formula: C:HgBFO, CrHgBCIO,
Molecular weight 15193 168.39
(Dal:
Plasma protein &6 %3
binding {%a}
LogF: 19 2.3
Water solubiliny >100 =100
(ug/mi}:

Compound 3 below is an example of a compound similar in
meolecular weight to ciclopirox, and like ciclopirox, pen-
etrates the nail plate poordy.

B
N\
O
F

Structure: {compound 3)
Formula: C},H,,BFO
Malecular weight (Da: 212.03

Plastng protein binding (%4): 1600

cLogP: 3.53

Water solubility (pwmly: nor determined

In a preferred embodiment the topical formulations includ-
ing a compound of Formulae (1) or (11} described structurally
above has a total molecular weight of less than 200 Da, has a
Log P of less than 2.5, and a minimum inhibitory concentra-
tion against ITrickopinton rubrum that is substantially
unchanged in the presence of 5% keratin.

This invention is still further directed to methods for treat-
ing a viral infection mediated at least in part by dermato-
phvtes, Trickophvion. Microsporum or Epidermophyton spe-
cles, or a yeast-like fungi including Candida species. in
mammals, which methods comprise administering to a mam-
mal, that has been diagnosed with said viral infection or is at
risk of developing said viral infection, a pharmaceutical com-
position comprising a pharmaceutically acceptable diluent
and a therapeutically effective amount of a compound
described herein or mixtures of one or more of such com-
pounds. In one embodiment the infection is onychomycosis.

Compounds contemplated by the present invention may
have broad spectrum antifungal activity and as such may be
candidates for use against other cutanecus fungal infections.
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The methods provided in this aspect of the invention are
useful in the penetration of nails and hoofs, as well as the
treatment of ungual and periungual conditions.

VII. Pharmaceutical Formulations

In another aspect, the invention is a pharmaceutical formu-
lation which includes: (a) a pharmaceutically acceptable
excipient: and (b) a compound of the invention. In another
aspect, the invention is a pharmaceutical formulation which
includes: (a) a pharmaceutically acceptable excipient: and (b)
a compound having a structure according to Formula (1), (Ia),
(Ib), (Ic). or (Id). In another aspect, the invention is a phar-
maceutical formulation which includes: (a) a pharmaceuti-
cally acceptable excipient; and (b) a compound which has a
strueture according to Formula (IT), (Ia), (1Ib), (Ic), (11d).

In another aspect, the invention is a pharmaceutical formu-
lation comprising: (a) a pharmaceutically acceptable excipi-
ent; and (b) a compound having a structure according to
Formula II:

. an
R
T/
G2 B
B ‘ji \r\i1;e
DIz W2
a2 el

wherein B is boron. R'? is a member selected from a negative
charge, a salt counterion, H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted eyeloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsuhstituted heteroaryl. M2 is a member selected from
oxygen, sulfur and NR**. R** is a member 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-
croaryl. 12 is amember selected from (CR**R**),,, and CR**.
R, R*, and R** are members independently selected from
H, OH, NH,, SH, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. The index n2 is an integer selected

from 0to 2. W2 is a member selected from C—0 (carbonyl), s

(CRO"R™) . and CR*™.R™ R™ and R™ are members inde-
pendently selected from H, OH, NH., SH, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl.

substituted or unsubstituted cycloalkyl, substituted or unsub-

stituted heterocycloalkyl, substituted or unsubstituted aryl, s

and substituted or unsubstituted heteroaryl. The index m2 is
an integer selected from 0 and 1. A2 is a member selected
from CR™ and N. D2 is a member selected from CR'"” and N.
E2 is a member selected from CR''” and N. G2 is a member
selected from CR'* and N. R™, R'™, R'*® and R'*” are
members independently selected from I1, OH, NH,, SH. sub-
stituted or unsubstituted alkyl. substituted or unsubstituted
hetercalkyl, substituted or unsubstimted cycloalkyl. substi-
tuted or unsubstituted heterocycloalkyl, substituted or unsub-
stituted aryl, and substituted or unsubstituted hetercaryl. The
combination of nitrogens (A2+D2+H2+G2) is an integer
selected trom 0 to 3. A member selected from R*, R* and
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* 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 "Eand R, together
with the atoms to which they are attached. are optionally
joined to form a4 to 7 membered ring. R*'* and R'?%, together
with the atoms to which they are attached, are optionally
joined to form a 4 to 7 membered ring.

In an exemplary embodiment. the aspect has the proviso
that when M2 is oxygen, W2 is a member selected from
(CR*R*), ., wherein n2 is 0, J2 is a member selected from
(CR®’R™"), .. whereinm2 is 1, A2 is CR®. D2 is CR'%’, E is
CR'"™?_ G is CR'*, then R®" is not a member selected from
halogen. meth)l ethyl. or optionally joined with R'** to
form phenyl ring. In another exemplary embodiment, th-,
aspect has the proviso that when M2 is oxygen, W2 is a
menther selected from (CR*R*),, wherein n2 is 0, J2 is a
member selected from (CR**R™),,. wherein m2 is 1, A2 is
CR*.,D2isCR'"™, [2is CR"'?, G2 is CR'**, then R'™ is nat
a member selected from unsubstituted phenoxy, C(CH,);,
halogen. CF,, methoxy. ethoxy, or optionally joined with R**
to form a phenyl ring. In another exemplary embodiment, the
aspect has the proviso that when M2 is oxygen, W2 is a
menber selected from (CR**R*"), wherein n2 is 0, J2 is a
member selected from (CR®'R"), ., wherein m2 is 1, A2 is
CR™ . D2isCR'™ E2is CR'?, G2 is CR'?”, then R'** is not
a member selected from halogen or optionally joined with
R'?* to form a phenyl ring. In another exemplary embodi-
ment, the aspect has the proviso that when M2 is oxygen, W2
is amember selected from (CR**R*®), . whereinn2is 0, 12 is
a member selected from (CR*R"®), wherein m2 is 1, A2 is
CR?.D2is CR'™, B2is CR'?%, G2 is CR', thenR'?” is not
halogen. 1n another exemplary embodmlem the aspect has
the proviso that when M2 is oxygen, W2 1s a member selected
from (CR**R*")_,. wherein n2 is 0. J2 is a member selected
from (CRC""RT‘"}M, whereinm2is 1, A2 1s CR®", D2 is CR '™,
E2 is CR'"'”, G2 is CR"", then R™ is not halophenyl. In
another exemplary embodiment, the aspect has the proviso
that when M2 is oxygen, W2 is a member selected from
(CR*"R*"),, wherein n2 is 0, J2 is a member selected from
(CR®*R™), . wherein m2 is 1. A2 is CR?, D2 is CR'™", E2
is CR''%, G2is CR'?*, then R"* i3 not halophenyl. In another
exemplary embodiment, the aspect has the proviso that when
M2 is oxygen, W2 is a member selected from (CR*R™*), .
wherein n? is 0, J2 is a member selected from (C R"’”R”’),,,
wherein m2is 1, A2 is CR"®, D2 is CR**?, B2 is CR'**, G2 is
CR'b, then R*" and R"* are not halophenyl. In another exem-
plary embodiment, the aspect has the proviso that when M2 is
axveen, W2 is a member selecied from (CR**R*?), . wherein
n2 is 0, J2 is a member selected from (CR*R™), ., wherein
m2is 1, A2 is CR??, D2 is CR'™, E2is CR''*, G2 is CR'**,
and R, R'® and R''? are H, then R*, R7® and R"*” are not
H. In another exemplary embodiment, the aspect has the
proviso that when M2 is oxygen wherein n2 is 1, J2 is a
member selected from (CR®*R’), ., wherein m2 is 0, A2 is
CR®* D2 is CR'", E2is CR!!%, G2 is CR'?%, R® is H,R1%
is H. R'% is H, R°* is F, R™is I, R'?* is H, then W2 is not
C=0 (carbonyl). In ancther exemplary embodiment, the
aspect has the proviso that when M2 is oxygen, W2 is CR*"
12 is CR®, A2 is CR®, D2 is CR'®, E2 is CR''%, G2 is
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CR'*, R™ R R, R'"™, R and R'** are H, then R*>* and
R*", together with the atoms te which they are attached, do
not form a phenyl ring.

In an exemplary embodiment, the pharmaceutical formu-

36

wherein R'"" is a member selected from H, halogen, CN and
substituted or unsubstituted C, _, alkyl. In another exemplary
embodiment, the compound has a formulation which is a
member selected from:

lation has a compound with a structure according to Formula 2
(Ia): (I)H (TiH
{Ila)
ih 1# o B B
b g R No; and ™o
10
F
Th i
g BOR 15
: . In another exemplary embodiment, the pharmaceutical for-
|]“ i'lﬂ‘“ |115f exemplary e:-lnb?ilme?l.- th]e th'“m;;?““?";}”' mulation has a compound with a structure according to For-
mulation has a compound with a structure according to or- mula (I1d):
mula (IIb):
awy *°
0..~R”’ (11dy
Rllb n/
\0 )
¥
th’lb
R H
wherein R™” is a member selected from H. methyl, ethyl and 0
phenyl. R is a member selected from H, OH. NH,, SH, N - 2 . " —
halogen, substituted or unsubstituted phenoxy, substituted or b huu'LB; 1;‘:‘:;‘;?_[2, ;; Tm;bcr];’ttli::g o }'HE&:!:":E:
unsubstituted phenylalkyloxy, substituted or unsubstituted E_rugﬂi St] ]F'i llRsz g;lylz SUbsLE b -.?rlugsu Séug
phenylthio and substituted or unsubstituted phenylallylthio. I~+is B kyl B an e memen oepeteenL Y
RIS 4 prpnihes solsted T 11 OF NEL. SH methyl, selected from H,' substituted or unsubsu!uled alkyl, subsi!—
substituted or unsubstituted phenoxy, substituted or unsubsti- 5 m:‘;\j ok uimsulliistfmre(:) }:;te::;]kyl’ SUbS::Tttmtj gr lu ntsnbsn—
tuted phenylalkyloxy, substituted or unsubstituted phenylthio a0 YR UIREL A UNSUUStUia DEtsromys
and subst it o st ited phenylalkylthio cloalkyl, substituted or unsubstituted aryl. and substituted or
; e unsubstituted heteroaryl.

In ano‘ther exemp!ary embodiment, R'* is a lnpmber The pharmaceuticaluformuiations of the invention can take
selected from a negative charge. H and a salt counterion. In 4, 4 yariety of forms adapted to the chosen route of administra-
ano:l];cr exempi]ar}' e“;'?)fé‘?mwl;‘- R an(l'i R ! a[r:dl;! In tion. Those skilled in the art will recognize various synthetic
another exem embodiment, one member selected from : ‘ ; :
R and R! 'ﬁ:?lr and the other member selected from R'%* Sbfagckigies At (g 00 Do) 61 10 DODAR D 108
and RV s men;ber BT . S S pharmaceutical formulations incorporating the compounds
7 2 S described herein. Those skilled in the art will recognize a
Z;Ztlllll‘;}g;}}‘gif:i1;211?}{51‘Egalf:ﬁ;all}g‘g?:ﬂf:gg;é‘};é?;gﬁr 45 wide variety of non-toxic pharmaceutically acceptable sol-

% ¥ ) vents that may be used to prepare solvates of the compounds

g‘?‘;"ﬁ" 5?13‘3‘_‘}‘:‘3]] lmnc}l “""“'F‘L Cm]‘:f'ﬂ’ lllleﬂ]hb'l.- Cﬂm“- r'nelh?xy. of the invention, such as water, ethanol. propylene glycal,
FOEAYICLY I PIEYAnOD ISy - T AIOTIRL PRerIP ATy mineral oil, vegetable oil and dimethylsulfoxide (DMSO).

Sﬁiﬁﬂmﬁ“;ﬁa N rgi?;ﬁ?rR ggliiCLédeﬁn;s 2 fepm The compositions of the invention may be administered

is H. In another exemplary embodiment, R"*# and R'2%, along Wiz lapially, pateiells BBl etagtdysl oo

o ATy : : B ;A008 tally in dosage unit formulations containing conventional
Wﬁlh thciatoms t‘:; wlncl:hthcy Ak a{tachcd,;lrgljomct'd [t; fc.mu non-toxic pharmaceutically acceptable carriers, adjuvants
8 PLEHYL BIOUR,- UL ANONCT eXCIIplaly eI posanent, 153 and vehicles. It is further understood that the best method of
mgnlberR -.Safle‘il_defﬁﬂ,n . ;legjiilvel;:l}mrge.l H 3113 i fi_’!tl_‘i"’"“' administration may be a combination of methods. Oral
terion; B 15 ey ANLPIEIOXY, Bl 154 55 administration in the form of a pill, capsule, elixir. syrup,

Inanother exemplary embodiment, the pharmaceutical for- lozenge, troche, or the like i3 particularly preferred. The term
mulation has a c0111p01md Wlth a structure E‘C»C—Dfdillg to For- parentera] as used hereiﬂ includes Subcutaneous injections,
mula (Ilc): intradermal, intravascular (e.g., intravenous), intramuscular,

o spinal, intrathecal injection or like injection or infusion tech-
_Rlb - 60 miques.
o The pharmaceutical formulations containing compounds
B of the invention are preferably in a form suitable for oral use,
\0 for example, as tablets, troches, lozenges, aqueous or oily
suspensions, dispersible powders ar granules, emulsion, hard
RI" 55 orsoft capsules. or syrups or elixirs.
R H Compositions intended for oral use may be prepared
according to any method known in the art for the manufacture
31
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of pharmaceutical formulations, and such compositions may
contain one or more agents selected [rom the group consisting
of sweetening agents, flavoring agents, coloring agents and
preserving agents in order to provide pharmaceutically
elegant and palatable preparations. Tablets may contain the
active ingredient in admixture with non-toxic pharmaceuti-
cally acceptable excipients that are suitable for the manufac-
ture of tablets. These excipients may be for example, inert
diluents, such as calcium carbonate, sodium carbonate, lac-
tose, calcium phosphate or sodium phosphate; granulating
and disintegrating agents. for example, corn starch, or alginic
acid; binding agents, for example starch, gelatin or acacia;
and lubricating agents, for example magnesium stearate,
stearic acid or tale. The tablets may be uncoated or they may
be coated by known techniques to delay disintegration and
absorption in the gastrointestinal tract and thereby provide a
sustained action over a longer period. For example, a time
delay material such as glyceryl monostearate or glyceryl dis-
tearate may be employed.

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

Aqueous suspensions contain the active materials in
admixture with excipients suitable for the manufacture of
aqueous suspensions, Such excipients are suspending agents,
for example sodium carboxymethyleellulose, methyleellu-
lose, hydroxypropylmethyleellulose, sodium alginate, poly-
vinylpyrrolidone, gum tragacanth and pum acacia; and dis-
persing or wetting agents. which may be a naturally-
oceurring phosphatide, for example, lecithin, or condensation
products of an alkylene oxide with fatty acids, for example
polyoxyethylene stearate, or condensation products of ethyl-
ene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of
ethylene oxide with partial esters derived from fatty acids and
a hexitol such as polyoxyethylene sorbitol monooleate, or
condensation products of ethylene oxide with partial esters
derved from fatty acids and hexitol anhydrides, for example
polyethylene sorbitan monooleate. The aqueous suspensions
may also contain one or more preservatives. for example
ethyl. or n-propy! p-hydroxybenzoate, one or more coloring
agents, one or more Havoring agents, and one or more sweet-
ening agents, such as sucrose or saccharin.

Oily suspensions may be formulated by suspending the
active ingredients in a vegetable oil, for example arachis oil,
olive oil, sesame o1l or coconut o1l, or in a mineral o1l such as

liguid paraffin. The oily suspensions may contain a thicken- s

ing agent, for example beeswax, hard paraffin or cetyl alco-
hol. Sweetening agents such as those set forth above, and
flavoring agents may be added to provide palatable oral
preparations. These compositions may be preserved by the
addition of an anti-oxidant such as ascorbic acid.

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

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

Syrups and elixirs may be formulated with sweetening
agents, for example glycerol, propylene glycol. sorbitol or
sucrose. Such formulations may also contain a demulcent, a
preservative, and tlavoring and coloring agents. The pharma-
ceutical formulations may be in the form ofa sterile injectable
aqueous or oleaginous suspension. This suspension may be
formulated according to the known art using those suitable
dispersing or wetling agents and suspending agents, which
have been mentioned above. The sterile injectable prepara-
tion may also be a sterile injectable solution or suspension in
a non-toxic parenterally acceptable diluent or solvent, for
example as a solution in 1.3-butanediol. Among the accept-
able vehicles and solvents that may be employed are water,
Ringer’s solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid find
use in the preparation of injectables.

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

Alternatively, the compositions can be administered
parenterally in a sterile medinum. The drug. depending on the
vehicle and concentration used, can either be suspended or
dissolved in the vehicle. Advantageously, adjuvants such as
local anesthetics, preservatives and buffering agents can be
dissolved in the vehicle.

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

Dosage levels of the order of from about 5 mg to about 250
mg per kilogram of body weight per day and more preferably
from about 25 mg to about 150 mg per kilogram of body
weight per day. are useful in the treatment of the above-
indicated conditions. The amount of active ingredient that
may be combined with the carrier materials to produce a
single dosage form will vary depending upon the condition
being treated and the particular mode of administration. Dos-
age unit forms will generally contain between from about 1
mg to about 500 mg of an active ingredient.

Frequency of dosage may also vary depending on the com-
pound used and the particular disease treated. However, for
treatment of most disorders, a dosage regimen of 4 times daily
or less is preferred. It will be understood, however, that the
specific dose level for any particular patient will depend upon
a variety of factors including the activity of the specific com-
pound emploved, the age. body weight, general health, sex.

Appx76

FlatWing Ex. 1043, p. 137



Case: 17-1947

Document: 19

Page: 138 Filed: 08/04/2017

US 7,582,621 B2

39

diet, time of administration, route of administration and rate
of excretion, drug combination and the severity of the par-
ticular disease undergoing therapy.

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

Assays may be used to predict these desirable pharmaco-
logical properties. Assays used to predict bioavailability
include transport across human intestinal cell monolayers,
including Caco-2 cell monolayers. Toxicity to cultured hepa-
tocyctes may be used to predict compound toxicity. Penetra-
tion of the blood brain barrier of a compound in humans may
be predicted from the brain levels of laboratory anitals that
receive the compound intravenously.

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

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

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

VII. a) Topical Formulations

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

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

invention can be made into a wide variety of product types. :

These include, but are not limited to. lotions, creams, gels.
sticks, sprays, ointments, pastes, foams, mousses, and cleans-
ers. These product types can comprise several types of carrer
systems including, but not limited to particles, nanoparticles,

and liposomes. If desired, disintegrating agents can be added, s

such as the cross-linked polyvinyl pyrrolidone, agar or alginic
acid or a salt thereot such as sodium alginate. Techniques for
formulation and administration can be found in Remingron:
The Science and Practice of Pharmacy. supra. The formula-
tion can be selected to maximize delivery to a desired target
site in the body.

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

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

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

Ointments, which are semisolid preparations, are typically
based on petrolatum or other petroleum derivatives. As will be
appreciated by the ordinarily skilled artisan, the specific oint-
ment base to be used is one that provides for optimum deliv-
ery for the active agent chosen for a given formulation, and,
preferably, provides for other desired characteristics as well,
e.g.. emolliency or the like. Aswith other carriers or vehicles,
an ointment base should be inert, stable, nonirritating and
non-sensitizing. As explained in Remington: The Science and
Practice of Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing
Co., 1995), at pages 1399-1404, cintment bases may be
grouped in four classes: oleaginous bases: emulsifiable bases;
emulsion bases: and water-soluble bases. Oleaginous oint-
ment bases include, for example. vegetable oils, fats obtained
from animals, and semisolid hydrocarbons obtained from
petrolenm. Emulsifiable ointment bases, also known as absor-
bent ointment bases, contain little or no water and include, for
example, hydroxystearin sulfate, anhydrous lanolin and
hydrophilic petrolatum. Emulsion oiniment bases are either
water-in-oil (W/0) emulsions or oil-in-water (O/W) emul-
sions, and include, for example. cetyl alcohol. glyceryl
monostearate, lanelin and stearic acid. Preferred water-
soluble ointment bases are prepared trom polyethylene gly-
cols of varying molecular weight: again, reference may be
had to Remington: The Science and Practice of Pharmacy,
supra, for further information.

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

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

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

Preferred for use herein are high molecular weight alcohols
such as cetearyl alcohol, cetyl alcohol. steary] alcohol, emul-
sifying wax, glyceryl monostearate. Other examples are eth-
ylene glycol distearate, sorhitan tristearate, propylene glycol
monostearate, sorbitan monooleate, sorbitan monostearate
(SPAN 60), diethylene glycol monolaurate, sorbitan mono-
palmitate, sucrose dioleate, sucrose stearate (CRODESTA
F-160), polyoxyethylene laury] ether (BRIJ 30), polyoxyeth-
ylene (2) stearyl ether (BRIT 72), polyoxyethylene (21)
stearyl ether (BRIT 721), polvoxyethylene monostearate

(Myrj 43), polyoxyethylene sorbitan monostearate (TWEEN 2

60). polyoxyvethvlene sorbitan monooleate (TWEEN 80),
polyoxyethylene sorbitan monolaurate (TWEEN 20) and
sodium oleate. Cholesterol and cholesterol derivatives may
also be employed in externally used emulsions and promote
w/o emulsions.

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

Examples of such nonionic emulsifiers include but are not
limited to “BRIJ 727, the trade name for a polyoxyethylene
(2) stearyl ether having an HLB of 4.9; “BRLJ 7217, the trade
name for a polyoxyethylene (21) stearyl ether having an HLB
of 15.5.“Brij 30, the trade name for polyoxyethylene lauryl
ether having an HLB of 9.7; “Polawax”, the trade name for
emulsifying wax having an HLB of 8.0; “Span 607, the trade
name for sorbitan monostearate having an HLB of 4.7:
“Crodesta F-1607, the trade name for sucrose stearate™ hav-
ing an HLB of 14.5. All of these materials are available from
Ruger Chemicals Inc.; Croda; ICI Americas, Inc.; Spectrum
Chemicals; and BASF. When the topical formulations of the
present invention contain at least one emulsifying agent, each
emulsifying agent is present in amount from about 0.5 to
about 2.5 w1 %. preferably 0.5 10 2.0%, more preferably 1.0%
or 1.8%. Preferably the emulsifying agent comprises a mix-

ture of steareth 21 (at about 1.8%) and steareth 2 {at about :

1.0%).

The topical pharmaceutical compositions may also com-
prise suitable emollients. Emollients are materials used for
the prevention or relief of dryness. as well as for the protec-

tion of the skin, nail. hair, claw or hoof. Useful emollients s

include, but are not limited to, cetyl alcohol, isopropyl
myristate, stearyl alcohol, and the like. A wide variety of
suitable emollients are known and can be used herein. See
e.g., Sagarin, Cosmetics, Science and Technology, 2nd Edi-
tion, Vol. 1, pp. 32-43 (1972), and U.S. Pat. No. 4,919,934, to
Deckner et al., issued Apr. 24, 1990, both of which are incor-
porated herein by reference in their entirety. These materials
are available from Ruger Chemical Co, (Irvington, N.I.).
When the topical formulations of the present invention
contain at least one emollient, each emellient is present in an
amount from about 0.1 to 15%, preferably 0.1 to about 3.0,
more preferably 0.5, 1.0, or 2.5 wt %. Preferably the emollient
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is a mixture of cetyl alcohol, isopropyl myristate and stearyl
alcohol in a 1/5/2 ratio. The emollient may also be a mixture
of cety] alcohol and stearyl aleohol in a 1/2 ratio.

The topical pharmaceutical compositions may also com-
prise suitable antioxidants, substances known to inhibit oxi-
dation. Antioxidants suitable for use in accordance with the
present invention include, bul are not limited to. butylated
hydroxytoluene, ascorbic acid, sodium ascorbate, calcium
ascorbate, ascorbic palmitate, butylated hydroxyanisole, 2.4,
S-trhydroxybutyrophencne,  4-hydroxymethyl-2,6-di-tert-
butylphenol, erythorbic acid, gum guaiac. propyl gallate,
thiodipropionic acid, dilauryl thiodipropionate, tert-butylhy-
droquinone and tocopherols such as vitamin E. and the like,
including pharmaceutically acceptable salts and esters of
these compounds. Preferably, the antioxidant is butylated
hydroxytoluene, butylated hydroxyanisole, propyl gallate,
ascorbic acid, pharmaceutically acceptable salts or esters
thereof, or mixtures thereol. Most preferably, the antioxidant
is butylated hydroxytoluene. These materials are available
from Ruger Chemical Co. (Irvington, N.J.).

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

The topical pharmaceutical compositions may also com-
prise suitable preservatives. Preservatives are compounds
added to a pharmaceutical formulation to act as an anti-
miicrobial agent. Among preservatives known in the art as
being effective and acceptable in parenteral formulations are
benzalkonium chloride, benzethonium. chlorohexidine, phe-
nol, m-cresol, benzyl alcohol, methylparaben, propylpara-
ben, chlorobutanol, o-cresol, p-cresol, chlorocresol, phe-
nylmercuric nitrate. thimerosal, benzoic acid, and various
mixtures thereof. See. e.g., Wallhausser, K.-H., Develop.
Biol. Standard, 24:9-28 (1974) (S. Krager, Basel). Preferably,
the preservative is selected from methylparaben, propylpara-
ben and mixtures thereof. These materials are available from
Inolex Chemical Co (Philadelphia. Pa.) or Spectrum Chemi-
cals.

When the topical formulations of the present invention
contain at least one preservative, the total amount of preser-
vative present is from about 0.01 to about 0.5 w1 %, preferably
from about 0.1 to 0.5%, more preferably from about 0.03 to
about 0.15. Preferably the preservative is a mixture of meth-
viparaben and proplybarben in a 5/1 ratio. When aleohol is
used as a preservative, the amount is usually 15 to 20%.

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

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

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

When the topical formulations of the present invention
contain at least one neutralizing agent, the total amount of
neutralizing agent present is from about 0.1 wt to about 10 wi
%, preferably (.1 wt % to about 5.0 wt %. and more prefer-
ably about 1.0 wt %. The neutralizing agent is generally
added in whatever amount is required to bring the formulation
to the desired pH.

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

When the topical formulations of the present invention
contain al least one viscosity increasing agent, the total

amount of viscosity increasing agent present is from about 2

0.25% to about 5.0% by weight, preferably from about 0.25%
to about 1.0 wt %, and more preferably from about 0.4% to
about (.6% by weight.

The topical pharmaceutical compositions may also com-
prise suitahle nail penetration enhancers. Examples of nail
penetration enhancers include mercaptan compounds,
sulfites and hisulfites, keratolytic agents and surfactants. Nail
penetration enhancers suitable for use in the invention are
described in greater detail in Malhotra et al., J Pharm. Sei.,
91.2, 312-323 (2002), which is incorporated herein by refer-
ence in its entirety.

The topical pharmaceutical compositions may also com-
prise one or more suitable solvents. The ability of any solid
substance (solute) o dissolve in any liguid substance (sol-
vent) is dependent upon the physical properties of the solute
and the solvent. When solutes and solvents have similar
physical properties the solubility of the solute in the solvent
will be the greatest. This gives rise to the traditional under-
standing that “like dissolves like.” Solvents can be character-
ized in one extreme as non-polar, lipophilic cils, while in the
other extreme as polar hydrophilic solvents. Oily solvents
dissolve other non-polar substances by Van der Wals interac-
tions while water and other hydrophilic solvents dissolve
polar substances by ionic, dipole, or hydrogen bonding inter-
actions. All solvents can be listed along a continuum from the
least polar, i.e. hydrocarbons such as decane, to the most polar
solvent being water. A solute will have its greatest solubility
in solvents having equivalent polarity. Thus, for drugs having
minimal solubility in water, less polar solvents will provide

improved solubility with the solvent having polarity nearly s

equivalent to the solute providing maximum solubility. Most
drugs have intermediate polarity, and thus experience maxi-
muimn solubility in solvents such as propylene glycol or etha-
nol, which are significantly less polar than water. If the drug

has greater solubility in propylene glycol (for example 8% s

(w/w)) than in water ({or example 0.1% (w/w)}, then addition
of water 1o propylene glycol should decrease the maximum
amount of drug solubility for the solvent mixture compared
with pure propylene glycol. Addition of a poor solvent to an
excellent solvent will decrease the maximum solubility for
the blend compared with the maximum solubility inthe excel-
lent solvent.

When compounds are incorporated into topical ormula-
tions the concentration of active ingredient in the formulation
may be limited by the solubility of the active ingredient in the
chosen solvent and/or carrier. Non-lipephilic drugs typically
display very low solubility in pharmaceuntically acceptable
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solvents and/or carriers, For example, the solubility of some
compounds in the invention in water is less than 0.00025%
wifwt. The solubility of the same compounds in the invention
can be less than about 2% wt/wt in either propylene glycol or
isopropyl myristate. In one embodiment of the present inven-
tion, diethylene glycol monoethyl ether (DGME) is the sol-
vent used to dissolve the compounds of Formula (1) of For-
mula (II). The compounds in the invention useful in the
present formulation are believed to have a solubility of from
about 10% wt/wt to about 25% wt'wt in DGME. In another
embodiment a DGME water cosolvent svstem is used to
dissalve the compounds of Formula (1) of Formula (I1). The
salvent capacity of DGME drops when water is added; how-
ever, the DGME/water cosolvent system can be designed to
maintain the desired concentration of from about 0.1% to
about 5% wt/wt active ingredient. Preferably the active ingre-
dient is present from about 0.5% to about 3% wt/wt, and more
preferably at about 1% wt/wt, in the as-applied topical for-
mulations. Because DGME is less volatile than water. as the
fopical formulation evaporates upon application, the active
agent becomes more soluble in the cream formulation. This
increased solubility reduces the likelihood of reduced bio-
availability caused by the drug precipitating on the surface of
the skin, nail, hair, claw or hoof.

Liguid forms. such as lotions suitable for topical adminis-
tration or suitable for cosmetic application, may include a
suitable agqueous or nonaqueous vehicle with buffers, sus-
pending and dispensing agents, thickeners., penetration
enhancers, and the like. Solid forms such as creams or pastes

o or the like may include, for example, any of the following

ingredients. water, oil, alcohol or grease as a subsirate with
surfactant, polymers such as polyethylene glycol. thickeners,
solids and the like. Liquid or solid formulations may include
enhanced delivery technologies such as  liposomes,

5 microsomes, microsponges and the like.

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

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

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

In an exemplary embodiment, the pharmaceutical formu-
lation includes a simple solution. In an exemplary embodi-
ment. the simple solution includes an alcohol. In an exem-
plary embodiment, the simple solution includes alcohol and
water, In an exemplary embodiment, the alcohol is ethanol,
ethylene glycol, propanol, pelypropylene glycel, isopropanol
or butanol. In another exemplary embodiment. the simple
solution 1s a member selected from about 10% polypropylene
glycol and about 90% ethanol; about 20% polypropylene
glycol and about 80% ethanol; about 30% polypropylene
glyecol and about 70% ethanol; about 40% polypropylene
glyeol and about 60% ethanol; about 50% polypropylene
glycol and about 50% ethanol: about 60% polypropylene
glycol and about 40% ethanol; about 70% polypropylene
glyecol and about 30% ethanol; about 80% polypropylene
glycol and about 20% ethanol; about 90% polypropylene
glycol and about 10% ethanol.

I an exemplary embodiment, the pharmaceutical formu-
lation is a lacquer. Please see Remington’s, supra, for more
information on the production of lacquers.
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In an exemplary embodiment, the compound is present in
said pharmaceutical formulation in a concentration of from
about 0.5% to about 15%. In an exemplary embodiment, the
compound is present in said pharmaceutical formulation in a
concentration of from about 0.1% to about 12.5%. In an
exemplary embodiment, the compound is present in said
pharmaceutical formulation in a concentration of from about
1% to about 10%. In an exemplary embodiment, the com-
pound is present in said pharmaceutical formulation in a
concentration of from about 1% to about 5%, In an exemplary
embodiment, the compound is present in said pharmaceutical
formulation in a concentration of from about 2% to about 8%.
In anexemplary embodiment, the compound is present in said
pharmaceutical formulation in a concentration of from about
4% to about 9%.

VII. b) Additional Active Agents

The following are examples of the cosmetic and pharma-
ceutical agents that can be added to the topical phanmacenti-
cal formulations of the present invention. The following
agents are known compounds and are readily available com-
mercially.

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

Vitamins include, but are not mited to, Vitamin B, Vita-
min E, Vitamin A, Vitamin D, and the like and vitamin deriva-
tives such as tazarotene, calcipotriene, tretinoin, adapalene
and the like.

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

Sunscreens and or sunburn relief agents include, but are not
limited 10, PABA, jojoba, aloe, padimate-O. methoxyein-
namates, proxamine HCI, lidocaine and the like, Sunless tan-
ning agents include, but are not limited to, dihydroxyacetone
(DHA).

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

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

The compositions comprising an compound/active agent
of Formula (1) of Formula (11), and optionally at least one of
these additional agents, are to be administered topically. In a

primary application, this leads to the compounds of the inven-

tion and any other active agent working upon and treating the
skin, nail, hair, claw or hoof. Alternatively, any one of the
topically applied active agents may also be delivered systemi-
cally by transdermal routes.

In such compositions an additional cosmetically or phar- -

maceutically effective agent, such as an anti-inflammatory
agent, vitamin, anti-aging agent. sunscreen. and/or acne-
treating agent. for example, is usually a minor component
(from about 0.001% to about 20% by weight or preferably
from about 0.01% 1o about 10% by weight) with the remain-
der being various vehicles or carriers and processing aids
helpful for forming the desired dosing form.

VIL. ¢} Testing

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

Toxicity and therapeutic efficacy of such compounds can
be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g., for determining the
LD50 (the dose lethal to 50% of the population) and the ED,,,
(the dose therapeutically effective in 50% of the population).
The dose ratio between toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio between
LD, and ED,,. Compounds that exhibit high therapeutic
indices are preferred. The data obtained from these cell cul-
ture assays and animal studies can be used in formulating a
range of dosage for use in humans, The dosage of such com-
pounds lies preferably within a range of circulating concen-
trations that include the ED., with little or no toxicity. The
dosage can vary within this range depending upon the dosage
form employed and the route of administration utilized. The
exact formulation, route of adiministration and dosage can be

) chosen by the individual physician in view of the patient’s

condition. (See, e.g. Fingletal., 1975, in “The Pharmacologi-
cal Basis of Therapeutics”, Ch. 1, p. 1).

VII. dy Administration

For any compound used in the method of the invention, the
therapeutically effective dose can be estimated initially from
cell culture assays, as disclosed herein. For example, a dose
can be formulated in animal models to achieve a circulating
concentration range that includes the EC;, (effective dose for
50 increase) as determined in cell culture, i.e.. the concen-
tration of the test compound which achieves a half-maximal
inhibition of bacterial cell growth. Such information can be
used to more accurately determine useful doses in humans.

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

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

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

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

EXAMPLES

Proton NMR are recorded on Varian AS 300 spectrometer
and chemical shifis are reported as & (ppm) down field from
tetramethylsilane. Mass spectra are determined on Micro-
mass Quattro 1.

Example 1

Preparation of 3 from 1

1.1 Reduction of Carboxylic Acid

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

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

1.2.a 2-Bromo-5-chlorobenzyl Alcohol

*H NMR (300 MHz, DMSO-d,): 8 7.57 (d, J=8.7 Hz, 1H),
7.50-7.49 (m, 110), 7.28-7.24 (m, 111}, 5.59 (1, J=6.0 Hz, 1)
and 4.46 (d, 1=6.0 Hz, 2H) ppm.

1.2.b 2-Bromo-5-methoxyhenzyl Alcohol

' NMR (300 MHz, DMSO-d, ): 8 7.42 (d, 1=8.7 Hz, 111),
7.09 (d, 7=2.4 Hz, 1H), 6.77 (dd, J,=3 Hz, 1,=3 Hz, 1H), 5.43
(t, J=5.7 Hz, 1H), 4.44 (d, J=5.1 Hz. 2H), 3.76 (s, 3H).

Example 2

Preparation of 3 from 2

2.1. Reduction of Aldehyde

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

2.2 Results
FExemplary compounds of structure 3 prepared by the
method above are provided below.
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2.2.a 2-Bromo-5-(4-cvanophenoxy )benzyl Alcohol

'H-NMR (300 MHz, CDCL,) 3 (ppm) 2.00 (brs, 1H), 4.75
(s. 2H). 6.88 (dd. J=8.5. 2.9 Hz, 1H). 7.02 (d, ]=8.8 Hz. 1H),
7.26(d. J=2.6 Hz, 1H), 7.56 (d. J=8.5 Hz. 1H), 7.62 (d, I-8.8
Hz, 2H).

2.2.b 2-Bromo-4-(4-cyanophenoxy Jbenzyl Alechol

"H NMR (300 MHz, DMSO-d):  7.83 (d, 2H), 7.58 (d,
1HJ, 7.39(d, 1H), 7.18 (dd, 1H), 7.11 (d, 2H), 5.48 (t, 1H) and
450 (d, 2H) ppm.

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

M.p. 50-533% C. MS (ESI+): m/7z=252 (M+1). HPLC:
99.7% purity at 254 nm and 99.0% at 220 nm. 'H NMR (300
MHz, DMSO-d, ): & 7.80 (d, 2H), 7.37 (d. 1H). 7.04 (d, 2H),
6.98-6.93 (m, 2H), 5.27 (d, 1H), 5.03 (g, [H), 2.95-2.85 (m,
1H), 2.75-2.64 (m, 1H), 2.39-2.29 (m, 1H) and 1.85-1.74 (m,
1H} ppm.

2.2.d 2-Bromo-5-(tert-butyldimethylsiloxy jbenzyl
Alechol

"H-NMR (300 MHz, CDCL,) & (ppm) 0.20 (s, 6H), 0.98 (s,
9H), 4.67 (br s, 1H), 6.65 (dd, I-8.2, 2.6 Hz, 1H), 6.98 (d,
J=2.9 Uz, 1H), 7.36 (d, I=8.8 Hz, 1H).

Additional examples of compounds which can be pro-
duced by this method include 2-bromo-4-(3-cyanophenoxy})
benzyl alcohol: 2-bromo-4-(4-chlorophenoxyibenzyl alco-
hol;  2-bromo-4-phenoxybenzyl aleohol; 2-bromo-5-(3.4-
dieyanophenoxy jbenzyl aleohol: 2-(2-bromo-5-
fluorophenylethyl alcohol: 2-bromo-5-fluorobenzyl alcohol;
and 1-bromo-2-naphthalenemethanol.

Example 3

Preparation of 4 from 3

3.1 Protective Alkylation

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

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

3.2.a 2-Bromo-5-chloro-1-
(methoxymethoxymethyl)benzene

'H NMR (300 MHz, DMSO-d,): 8 7.63 (d, J=8.7 Hz, 1H),
7.50(dd, J=2.4 & 0.6 Hz, 111), 7.32 (dd, J=8.4 & 2.4 Hz, 1H),
4.71 (s, 2H), 4.53 (s, 2Ty and 3.30 (s, 3H) ppm.

3.2.b 2-Bromo-5-fluoro-1-| |-
{methoxymethoxy jethvl/benzene

'H-NMR (300,058 MHz, CDCL,) 8 ppm 1.43 (d, 1=6.5 Hz,
300, 3.38 (s. 3H), 4.55 (d. 1=6.5 Hz, L), 4.63 (d. 1=6.5 Hz,
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1H), 5.07 (q. J=6.5 Hz, 1H), 6.85 (m, 1H), 7.25 (dd. J=9.7, 2.6
Hz. 1H), 7.46 (dd. J-8.8, 5.3 Hz, 1H).

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

'H1-NMR (300.058 M1z, CDCI,)  ppm 3.04 (1. 1=6.7 Hz.
2H),3.31 (5.3H). 3.77 (1, 1=6.7 Hz, 2H), 4.62 (5, 2H), 6.82 (t.
J=8.2,3.2 Hz, 1H), 7.04 (dd, J=9.4, 2.9 Hz, 1H), 7.48 (dd.
=88, 5.3 Hz. 1H).

3.2.d 2-Bromo-4,5-difluoro- 1-(methoxy methoxym-
ethyljbenzene

'H-NMR (300.058 MHz, CDC1,) § ppm 3.42 (s, 3H), 4.57
(d, 1=1.2 He, 2H), 4.76 (s, 2H), 7.3-7.5 (m, 2H).

3.2.e 2-Bromo-5-cyano-1-
(methoxymethoxymethyl }henzene

‘H-NMR (300.058 MHz, CDC1,) & ppm 3 43 (s, 311}, 4.65
(s, 2H). 4.80 (s, 2H), 7.43 (dd, J=8.2, 4.1 Hz, 1H), 7.66 (d,
J=8.2 Hz, 1H), 7.82 (d. J=4.1 Hz, 1H).

3.21 2-Bromo-5-methoxy-1-
(methoxymethoxymethylbenzene

'H NMR (300 MHz, DMSO-d,): & 7.48 (dd. J,=1.2 Hz,
J,=1.2Hz, 1H),7.05 (d, 1-2.7 Hz, 1H), 6.83 (dd, J=3 Hz, 1,3
Hz, 1H),4.69(d, J=1.2 Hz, 2H), 4.5 (s, 2H), 3.74(d, ]-1.5 Hz,
3H), 332 (d, J=2.1 Hz, 3H) ppm.

3.2.g 1-Benzyl-1-(2-bromophenyl)-1-{meth-
oxymethoxyJethane

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

3.2.h 2-Bromo-6-fluoro-1-
(methoxymethoxymethyllbenzene

'H-NMR (300 MHz, CDCL,) & (ppm) 3.43 (s, 3H), 4.74 (s,
MY, 4.76 (d, 1=2.1 Hz, 2H), 7.05 (1, J=9.1 Hz, 1H), 7.18 (id,
1=8.2, 5.9 [Tz, 11}, 7.40 (d. J=8.2 [z 11},

3.2.i 2-Bromo-4-(4-cyanophenoxy)-1-{meth-
oxymethoxymethyl)benzene

'H NMR (300 MHz, DMSO-d,): & 7.84 (d, 2H). 7.36 (d.
1H), 7.44 (d, 1H), 7.19-7.12 (m, 3H), 4.69 (s, 2H), 4.56 (s,
2H) and 3.31 (s. 3H) ppm.

3.2 2-Bromo-5-(tert-butyldimethylsiloxy)-1-(meth-
oxymethoxymethyljbenzene

'H-NMR (300 MHz, CDC1,) 8 (ppm) 0.19 (s. 6H), 0.98 (s.
9H), 3.43 (s. 3H). 4.59 (5, 2H), 4.75 (s, 2H), 6.64 (dd, 1-8.5,
2.9 Hz, 1H), 6.98 (d, J=2.9 Hz, 1H), 7.36 (d, J-8.5 Hz, 1H).

3.2k 2-Bromo-5-(2-cyanophenoxy)-1 -(meth-
oxymethoxymethyl)benzene

'H-NMR (300 MHz, CDC15) 8 (ppm) 3.41 (s, 3H), 4.64 (5.
2H), 4.76 (s, 2H), 6.8-6.9 (m, 2H), 7.16 (1d. J=7.6, 0.9 Hz,
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1), 7.28 (d, J=2.9 Hz, 1H), 7.49 (ddd, -8.8, 7.6, 1.8 Hz,
IH), 7.56 (d. J=8.5 Hz, 1H), 7.67 (dd, 1-7.9, 1.8 Hz, 1H).

3.2.12-Bromo-5-phenoxy-1-
(methoxymethoxymethyl)benzene

'H-NMR (300 MHz, CDCI,) & (ppm) 3.40 (s, 3H), 4.62 (5,
2H), 4.74 (s, 2H), 6.80 (dd. J-8.8, 2.9 hz, 1H),7.01 (d. I-8.5
Uz, 217), 7.12 (1, J=7.9 Hz, 111), 7.19 (d, 1=2.9 hz, 111), 7.35
(t, J=7.6 Hz, 2H), 7.48 (d. J=8.5 Hz. 1H).

Additional examples of compounds which can be pro-
duced by this method include  2-bromo-1-(meth-
oxvimethoxymethylbenzene;  2-bromo-5-methyl-1-(meth-
oxymethoxymethyl jhenzene; 2-bromo-5-
(methoxymethoxymethyl)-1-(methoxymethoxymethyl)
benzene: 2-bromo-5-fluoro-1-(methoxymethoxymethyl)
benzene; 1-bromo-2-(methoxymethoxymethylnaphthalene;
2-bromo-4-flucro-1-{ methoxymethoxymethylbenzene;
2-phenyl-1-(2-hromophenyl - 1-(methoxymethoxy Jethane:
2-bromo-5-(4-cyanophenoxy)-1-(methoxymethoxy methyl)
benzene; 2-bromo-4-(3-cyanophenoxy)-1 -(meth-
oxymethoxymethyl jhenzene: 2-bromo-4-(4-chlorophe-
noxy)-1-(methoxymethoxymethyljbenzene; 2-bromo-4-
phenoxy-1-(methoxymethoxymethyljbenzene; 2-bromo-5-
(3.4-dicyanophenoxy)-1-(methoxymethoxymethyl )benzene.

Example 4

Preparation of I from 4 Via 5

4.1 Metallation and Boronylation

To a solution of 4 (17.3 mmol) in anhydrous THF (80 mL)
at =78 C. under nitrogen was added dropwise tert-Bul.i or
n-Buli {11.7 mL) and the solution became brown colored.
Then, B{OMe); (1.93 mL. 17.3 mmol) was injected in one
portion and the cooling bath was removed. The mixture was
warmed gradually with stirring for 30 min and then stirred
with a water bath for 2 h. After addition of 6N HC1 (6 mL ). the
mixture was stitred overnight at room temperature and about
50% hydrolysis has happened as shown by TLC analysis. The
solution was rotary evaporated and the residue was dissolved
in MeOH (50 mL)} and 6N HCI (4 mL). The solution was
refluxed for 1 hand the hydrolysis was completed as indicated
by TLC analysis. Rotary evaporation gave a residue which
was dissolved in EtOAc, washed with water, dried and then
evaporated. The crude product was purified by flash column
chromatography over silica gel to provide a solid with 80%
purity. The solid was further purified by washing with hexane
to afford 7.2 mmol of 1.
4.2 Results

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

4.2.a 5-Chloro-1.3-dihydro-1-
hydroxy-2.1-benzoxaborole (C1)

M.p. 142-150° C. MS (ESI): m/z=169 (M+1, positive) and
167 (M-1, negative). HPLC (220 nm): 99% purity. 'H NMR
(300 MHz, DMSO-d,): $9.30(s. 1H), 7.71 (d, =78 Hz, 1H),
7.49 (s, 1H), 7.38 (d, I=7.8 Hz. 1) and 4.96 (s, 2H) ppm.

4.2.b 1,3-Dihydro-1-hydroxy-
2,1-benzoxaborole (C2)

M.p. 83-86° C. MS (ESI): m/z=135 (M+1, positive) and
133 (M-1. negative). HPLC (220 nm): 95.4% purity. 'H
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NMR (300 MHz, DMSO-d,): 0 9.14 (s, 1H), 7.71 {d, J=7.2
Hez. 1H), 7.45 (1, J=7.5 Hz, 1H), 7.38 (d, J=7.5 Hz, 1H), 7.32
(1, J=7.1 He, 1H) and 4.97 (s, 2H) ppm.

4.2.¢ 5-Fluoro-1,3-dihydro-1-hydroxy-3-methyl-2,1-
henzoxaborole (C3)

'H-NMR (300 Mz, DMSO-d,) & ppm 1.37 (d, ]-6.4 Hz,
3H),5.17 (q.J=6.4 Hz, 1H), 7.14 (m, 1H), 7.25 (dd. 1=9.7,2.3
Hz. 1H). 7.70 (dd, 1-8.2, 5.9 Hz, 1H). 9.14 (s, 1H).

4.2.d 6-I'luoro-1-hydroxy-1.2.3 4-tetrahydro-2.1-
henzoxabarine (C4)

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

4.2.e 5.6-Difluoro-1.3-dihydro-1-hydroxy-2, 1-ben-
zoxahorole (C5)

'H-NMR (300 MHz, DMSO-d,) & ppm 4.94 (s, 2H), 7.50
(dd, I=10.7, 6.8 Hz, 1H). 7.62 (dd, ]=9.7, 8.2 Hz, 1 H), 9.34 (s,
1H).

4.2.1 5-Cyano-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (C6)

'T1-NMR (300 Mz, DMSO-d,) & ppm 5.03 (s. 2I1), 7.76
(d, J=8.2 Hz, 1H), 7.89 (d, J=8.2 Hz, 1M}, 7.90 (s, 1H), 9.53
(s. TH).

4.2.g 1.3-Dihydro-1-hydroxy-
S-methoxy-2.1-benzoxaborole (C7)

M.p. 102-104° C. MS ESI: m/z=165.3 (M+1) and 162.9
(M-1). 'H NMR (300 MHz, DMSO-d,):  8.95 (s, 1H), 7.60
(d, 1=8.1 Hz, 1H), 6.94 (5. 1H), 6.88 (d, =8.1 Hz. 1H), 4.91
(s. 2H), 3.77 (s. 3H) ppm.

4.2.h 1.3-Dihydro-1-hydroxy-
5-methyl-2,1-benzoxaborole (CR)

Mp. 124-128° C. MS ESL: m/z=148.9 (M+1) and 146.9
(M-1). '"H NMR (300 MHz, DMSO-d,): 8 9.05 (s, 1H), 7.58
(d, J=7.2 Hz. 1H), 7.18 (s. 1H), 7.13 (d, J=7.2 Hz. 2H), 4.91
(s, 2H). 2.33 (s. 3H) ppm.

4.2.1 1.3-Dihydro-1-hydroxy-5-hydroxymethyl-2,1-
henzoxaborole (C9)

MS: m/z=163 (M-1, ESI=). '"H NMR (300 MHz, DMSO-
dg): 8 9.08 (s, 1H), 7.64 (d, 1H), 7.33 (s, 1), 7.27 (d, 111),
5.23 (t, 1H), 4.96 (s. 2H), 4.53 (d, 2H) ppm.

4.2.1 1.3-Dihydro-5-fluore-1-hydroxy-
2.1-bhenzoxaborole (C10)

M.p. 110-114° €. MS ESI: m/z=150.9 (M-1), 'H NMR
(300 MHz, DMSO-d,): 8920 (s, 1H). 7.73 (dd, ],=6 Hz, 1.=6
Hez, 1), 7.21 (m, 1), 7.14 (m, 111}, 4.95 (s, 2H) ppm.

4.2.k 1,3-Dihydro-2-oxa-1-
cyclopentala]naphthalene (C11)

M.P. 130-143° C. MS ESI: m/z=184.9 (M+1). "H NMR
(300 MHz, DMSO-d,): & 9.21 (s, 1H), 8.28 (dd. 1-6.9 Hz,
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J,=0.6 Hz, 1H), 7.99 (d, J=8.1 Hz, 1H). 7.95 (d. J=7.5 Hz,
1H), 7.59-7.47 (m, 3H). 5.09 (s, 2ZH) ppm.

4.2.1 7-Hydroxy-2,1-
oxaborolano(5,4-¢]pyridine (C12)

'H-NMR (300 MHz, DMSO-d, ): 8 ppm 5.00 (s, 2I), 7.45
(d, 5.0 Hz, 1H), 8.57 (d, }=5.3 Hz, 1H), 8.91 (s. 1F1), 9.57
(s, 1H). ESI-MS m/z 134 (M-H)~, C,H,BNO,=135.

4.2.m 1,3-Dihydro-6-fluoro-1-hydroxy-
2,1-benzoxaborole (C13)

M.p. 110-117.5° C. MS (ESI}: m/z=151 (M-1, negative).
HPLC (220 nm): 100% purity. "H NMR (300 MHz, DMSO-
d.): §9.29 (s, 1H), 7.46-7.41 (m. 2H). 7.29 (td, 1H) and 4.95
(s, 2H) ppm.

4.2.n 3-Benzyl-1,3-dihydro-1-hydroxy-3-methyl-2,1-
benzoxaborole (C14)

MS (ESI): my/'z=239 (M+1, positive). HPLC: 99.5% purity
at 220 nm and 95.9% at 254 nm. 'H NMR (300 MHz, DMSO-
dg): & 8.89 (s, 1H). 7.49-7.40 (m, 3H), 7.25-7.19 (m, 1H),
7.09-7.05 (m, 3H), 6.96-6.94 (m. 2H), 3.10 (d. 1H}, 3.00 (d,
1H}) and 1.44 (s. 3H) ppm.

4.2.0 3-Benzyl-1,3-dihydro-1-hydroxy-
2,1-benzoxaborole (C15)

MS (ESI+): m/z=225 (M+1). HPLC: 93.4% purity at 220
nm. "HNMR (300 MHz, DMSO-d,;): §9.08 (s, 1H), 7.63 (dd,
IH), 7.43 (t, 1H). 7.35-7.14 (m, TH}, 5.38 (dd, 1H), 3.21 (dd.
1H) and 2.77 (dd, 1H) ppm.

4.2.p 1.3-Dihydro-4-fluoro-1-hydroxy-
2,1-benzoxaborole (C16)

'[1-NMR (300 Mz, DMSO-d,} & (ppm) 5.06 (s, 2H). 7.26
(ddd, J-9.7, 7.9. 0.6 Hz. 1H), 7.40 (td, J=8.2. 4.7 Hz, 1H),
7.55 (d, 1=7.0 Hz. 1H), 9.41 (s, 1H).

4.2.q 5-(4-Cyanophenoxy)-1.3-dihydro-1-hydroxy-2.
1-benzoxaborole (C17)

FINMR (300 Mz, DMSO-d,) 8 ppm 4.95 (s, 2L1), 7.08
(dd. J=7.9. 2.1 Hz, 1H), 7.14 (d. J-8.8 Hz, 1H). 7.15 (d, J-2.1
Hz, 1H), 7.78 (d, J=7.9 Hz, 1H). 7.85 (d, ]=9.1 Hz, 2H), 9.22
(s, TH).

4.2.r 6-(4-Cyanophenoxy)-1.3-dihydro-1-hydroxy-2,
I -benzoxahorole (C18)

M.p. 148-151° C. MS: m/z=252 (M+1) (ESI+) and
mfz=250 (M-1) (ESI-}. HPLC: 100% purity at 254 nm and
98.7% at 220 nm. 'H NMR (300 MHz, DMSO-d,): 8 9.26 (s,
1H), 7.82 (d, 2H). 7.50 (d, 1H), 7.39 (d. 1H), 7.26 (dd, 1),
7.08 (d, 2H) and 4.99 (s. 2H) ppm

4.2.8 6-(3-Cyanophenoxy)-1.3-dihydro-1-hydroxy-2.
I-benzoxaborole (C19)

Mp. 146-149° C. MS: m/z—252 (M+1) (ESI+) and
m/z=250 (M=1} (ESI-). HPLC: 100% purity at 254 nm and
97.9% at 220 nm. 'H NMR (300 MHz, DMSO-d,): 8 9.21 (s,
1H), 7.60-7.54 (m, 2H), 7.50-7.45 (m, 2H), 7.34-7.30 (m,
2H), 7.23 (dd, 111) and 4.9% (s, 2H) ppm.
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4.2.1 6-(4-Chlorophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole (C20)

Mp. 119-130° C. MS: m/z=261 (M+1) (ESI+) and
m/z=259 (M~-1) (ESI-). HPLC: 100% purity at 254 nm and
98.9% at 220 nm. *H NMR (300 MHz, DMSO-d, ): 8 9.18 (s,
1H), 7.45-7.41 (m, 3H), 7.29 (d, 1H). 7.19 (dd, 1H). 7.01 (d,
2H) and 4.96 (s, 2H) ppm.

4.2.u 6-Phenoxy-1,3-dihydro-1-hydroxy-
2.1-benzoxahorole (C21)

M.p. 95-99° C. MS: m/z=227 (M+1) (ESI+) and m/z=225
(M=1) (ESI-). HPLC: 100% purity at 254 nm and 98.4% at
220 nm. ‘H NMR (300 MHz, DMSO-d,): 8 9.17 (s, 1H),
7.43-7.35 (m. 3H), 7.28 (s, 1I1), 7.19-7.09 (m, 2E), 6.99 (d.
2H) and 4.96 (s. 2H) ppm.

4.2.v 5-(4-Cyanobenzyloxy )-1.3-dihydro-1-hydroxy-
2.1-henzoxaborole (C22)

'H-NMR (300 MHz, DMSO-d, ) 8(ppm) 4.90 (s, 2H). 5.25
(s, 2H), 6.98 (dd, I=7.9, 2.1 Hz, 1H), 7.03 (d, J=1.8 Hz, 1H),
7.62(d, I=7.9 Hz, 1H), 7.64 (d, ]=8.5 Hz, 2H), 7.86 (d, J=8.5
Hz, 1H), 9.01 (s, 1H).

4.2.w 5-(2-Cyanophenoxy)-1,3-dihydro-1-hydroxy-
2.1-henzaxaborole ((C23)

'H-NMR (300 MHz, DMSO-d,) 6 (ppm) 4.95 (s, 2I).
7.0-7.2 (m, 311, 7.32 (td, 1=7.6, 1.2 Hz. 111), 7.68 (ddd, ]=0.1.
7.6, 1.8 Hz, 1H), 7.77 (d, J=7.9 Hz. 1H), 7.91 (dd, I-7.9, 1.8
Hz, 1H).

4.2.x 5-Phenoxy-1.3-dihydro-1-liydroxy-
2.1-benzoxaborole (C24)

'H-NMR (300 MHz. DMSO-d,)) 8 (ppm) 4.91 (s, 2H). 6.94
(s, 1H), 6.96 (d, J=8.8 Hz. 1H), 7.05 (d, I=7.6 Hz, 2H), 7.17
(t. J=7.3 Hz, 1H). 7.41 (. 1=7.3 Hz, 2H). 7.70 (d. J-8.5 Hz.
1H), 9.11 (5. 1H).

4.2.y 5-[4-(N ,N-Diethylcarbamoyl)phenoxy]-1,3-
dihydro-1-hydroxy-2. 1-benzoxaborole (C25)

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 1.08 (br s, 6H).
3.1-3.5 (m, 4H), 4.93 (s, 2H), 7.0-7.1 (m, 4H), 7.37 (d, I-8.5
Hz, 2H), 7.73 (d, 7-7.9 Hz, 1H), 9.15 (s, 1H).

4.2z 1.3-Dihydro-1-hydroxy-5-[4-(morpholinocar-
banyl)phenoxy]-2.1-benzoxaborole (C26)

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 3.3-3.7 (m, 8I1).
4.93 (s, 2H), 7.0-7.1 (m, 4H), 7.44 (d, J=8.8 Hz, 2H), 7.73 (d.
J=7.9 Hz, 1H), 9.16 (s, 1H).

4.2.aa 5-(3,4-Dicyanophenoxy)-1,3-dihydro-1-hy-
droxy-2.1-benzoxahorole (C27)

IH-NMR (300 MHz, DMSO-d,)} 8 (ppm) 4.97 (s, 2H), 7.13
(dd, 7=7.9, 2.1 He, 1H), 7.21 (d, J=1.5 Hz, 1H), 7.43 (dd,
J-8.8,2.6 Hz, 1H), 7.81 (d, ]=7.0 Hz, 1H), 7.82 (d, J=2.6 Hz,
1H), 8.11 (d, J=8.5 Hz, 1H), 9.26 (s, 1H).

4.2.ab 6-Phenylthio-13-dihydro-1-hydroxy-
2.1-benzoxaborole (C28)

Mp. 121-124° C. MS: m/z=243 (M+1) (ESl+) and
m/z=241 (M-1) (ESI-). HPLC: 99.6% purity at 254 nm and
99.6%at 220 nm. "HNMR (300 MHz, DMSO-d;g): 6 9.25 (s,
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1H), 7.72 (dd, 1H). 7.48 (dd. 1H), 7.43 (dd, 1H), 7.37-7.31
(m, 2H). 7.29-7.23 (m. 3H), and 4.98 (s, 2H) ppm.

4.2.a¢ 6-(4-trifluoromethoxyphenoxy )-1.3-dihydro-
1-hydroxy-2.1-benzoxaborole (C29)

M.p.97-101° C.MS: m/z=311 (M+1) (ESI+) and m/z=309
(M-1) (ESI-). HPLC: 100% purity at 254 mm and 100% at
220 nm. 'HNMR (300 MHz. DMSO-d,.): 89.20(s, 1H}), 7.45
(d. 1I1), 7.37 (d. 2H), 7.33 (d, 111}, 7.21 (dd. 1H), 7.08 (d, 2H),
and 497 (s, 2H) ppn.

4.2.ad 5-(N-Methyl-N-phenylsulfonylamine)-1.3-
dihydro-1-hydroxy-2.1-benzoxaborole {C30)

M.p. 85-95° C. MS: m/z=304 (M+1) (ESI+) and m/z=302
(M-1) (ESI-). HPLC: 96.6% purity at 254 nm and 89.8% at
220 nm. 'H NMR (300 MHz, DMSO-d,): & 9.23 (s, 1H),
7.72-7.63 (m, 2H), 7.56 (1, 2H), 7.50 (d, 2H), 7.16 (s, 1H),
7.03 (d, 1F1), 4.91 (s, 2H) and 3.14 (s, 3H) ppm.

4.2.ae 6-(4-Methoxyphenoxy)-1.3-dihydro-1-hy-
droxy-2,1-benzoxaborole (C31)

Mp. 126-129° C. MS: m/z=257 (M+1) (ESI+) and
m/z=235 (M-1) (E8I-). HPLC: 98.4% purity at 254 nm and
08.4% at 220 nm. 'H NMR (300 MHz, DMSO-d,;): 8 9.14 (s,
1H), 7.36 (d, LH), 7.19 (s, 1H), 7.12(d, 1H), 6.98 (d, 2H), 6.95
(d. 211, 4.93 (s, 21T) and 3.73 (s. 3H) ppm.

4.2.af 6-(4-Methoxyphenylthio)-1,3-dihydro-1-hy-
droxy-2, 1 -benzoxaborole (C32)

M.p. 95-100° C. MS: m/z=272 (M#), 273 (M+1) (ESI+)
and mfz=271 (M=1) (ESI=). HPLC: 100% purity at 254 nm
and 99.2%at 220 nm. 'HNMR (300 MHz, DMSO-d,): 9.20
(s, 1H), 7.51 (d. 1H), 7.39-7.28 (m. 4H), 6.98 (d. 2H). 4.93 (5,
2H) and 3.76 (5. 3H) ppm.

4.2.ag 6-(4-Methoxyphenylsulfonyl)-1.3-dihydro-1-
hydroxy-2.1-benzoxaborole (C33)

M.p. 180-192° C. MS: m/z=305 (M+1) (ESI+) and
miz=303 (M=1} (ESI-). HPLC: 96.8% purity at 254 nm and
95.5% at 220 nm. "H NMR (300 MHz, DMSO-d,): 8 9.46 (s,
1H), 8.28 (s, 1H), 7.99(d, 1H), 7.85(d, 2H}, 7.61 (d, 1H), 7.11
(d. 2H), 5.02 (s, 2H) and 3.80 (s, 3H) ppm.

4.2.ah 6-(4-Methoxyphenylsulfinyl)-1,3-dilydro-1-
hydroxy-2.1-benzoxaborole ((C34)

'H NMR (300 MHz, DMSO-d,): & 937 (s, 1), 8.02 (d,
1H}, 7.71 (dd, 1H), 7.59 (d, 2H). 7.53 (d. 1H). 7.07 (d, 2H),
5.00 (s. 2H) and 3.76 (s, 3H) ppm.

4.2.ai 5-Trifluoromethyl-1,3-diliydro-1-hydroxy-2.1-
benzoxaborole (C35)

Mp. 113-118% C. MS: m/z=203 (M+1) (ESI+) and
m/z=201 (M=1) (ESI-). HPLC: 100% purity at 254 nm and
100% at 220 nm. 'H NMR (300 MHz, DMSO-d,): 8 9.48 (s,
1H), 7.92 (d, 1H), 7.78 (s, 1H), 7.67 (d, 1H) and 5.06 (s, 2H)
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4.2.aj 4-(4-Cyanophenoxy)-1.3-dihydro-1 -hydroxy-
2.1-henzoxaborole {C36)

For coupling reaction between 4-fluorobenzonitrile and
substituted phenol to give starting material 2, see lgarashi, S.;
et al. Chemical & Pharmaceutical Bulletin (2000), 48(11).
1689-1697.

"H-NMR (300 MHz, DMSO-d) (ppm) 4.84 (s, 2H), 7.08
(d, J=8.2 Hz, 2H), 7.18 (d. J=7.9 Hz. 1H), 7.45 (1, I=7.3 Hz.
1H), 7.63 (d, I=7.3 Hz, 1H), 7.82 (d, }-8.5 Hz, 2H).

4.2.ak 5-(3-Cyanophenoxy)-1,3-dihydro-1-hydroxy-
2.1-benzoxaborole (C37)

For coupling between 3-fluorobenzonitrile and substituted
phenol to give starting material 2: Li, T. et al., Organic Letters
(2003), 5(12), 2169-2171.

‘H-NMR {300 MHz, DMSO-d,;) (ppm) 4.93 (s, 2H), 7.0-
7.1 (m, 2H), 7.3-7.4 (m, 111}, 7.5-7.7 (m, 3H), 7.75 (d, J=8.2
Hz. 1H).

4.2.al 5-(4-Carboxyphenoxy)-1 -hydroxy-
2.1-henzoxaborole {(C38)

To a solution of 5-(4-cyanophenoxy)-1-hydroxy-2,1-ben-
zoxaborole obtained in C17 (430 mg, 1.71 mmol) in ethanol
(10 ml.) was added 6 mol/T. sodium hydroxide (2 mlL.). and
the mixture was refluxed for 3 hours. Hydrochloric acid (6
mol/L, 3 mL) was added, and the mixture was extracted with
ethyl acetate. The organic laver was washed with brine and
dried on anhydrous sodium sulfate. The solvent was removed
under reduced pressure, and the residue was purified by silica
gel column chromatography (ethyl acetate) followed by tritu-
ration with diisopropy] ether to give the target compound (37
mg, 8%).

'H-NMR (300 MHz, DMSO-d,) & (ppm) 4.94 (s, 2H),
7.0-7.1 (m, 4H), 7.76 (d, 1=7.9 Hz, 1H), 7.94 (d, I-8.8 Hz,
2H), 9.19 (s, 1H), 12.8 (br s, 1H).

4.2.am 1-Hydroxy-3-[4-(tetrazole-1-yl)phenoxy]-2,
1-benzoxaborole (C39)

A mixture of 5-(4-cyanophenoxy)-1-hydroxy-2.1-benzox-
aborole (200 mg, 0.797 mmol), sodiunt azide (103 mg, 1.59
mmol}, and ammonium chloride (85 mg, 1.6 mmol}) in N,N-
dimethylformamide (5 mL) was stirred at 80° C. fortwo days.
Water was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water and brine,
and dried on anhydrous sodium sulfate. The solvent was

removed under reduced pressure, and the residue was purified 3

by silica gel column chromatography (ethyl acetate) followed
by trituration with ethyl acetate to give the target compound
(55 mg. 23%)).

"H-NMR (300 MHz. DMSO-d,) & (ppm) 4.95 (s, 2H),

7.0-7.1 (m, 2H), 7.23 (d, }=8.8 Hz, 2H), 7.76 (d, J=7.9 Hz, °

1), 8,05 (d, J=8.5 Hz, 2H). 9,18 (brs, 1I1).
Example 5

Preparation of I from 2 Via 6

5.1 Catalytic Boronylation, Reduction and Cyclization

A mixture of 2 (10.0 mmol). bis{pinacolato)diboron (2.79
g, 11.0 mmel), PdClL,(dppt) (250 mg, 3 mol %), and potas-
sium acetate (2,94 g, 30.0 mmol) in 1.4-dioxane (40 mL ) was
stirred at 80° C. for overnight. Water was added, and the
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mixture was extracted with ethyl acetate. The organic layer
was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure. The
crude product was dissolved in tetrahydrofuran (80 mL), then
sodium periodate (5.50 g, 20.0 mmol) was added. After stir-
ring at room temperature for 30 min, 2N HCI (10 mL) was
added, and the mixture was stirred at room temperature for
overnight. Water was added, and the mixture was extracted
with ethyl acetate. The organic layer was washed with brine
and dried on anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the residue was treated
with ether to afford 6.3 mmol of the corresponding boronic
acid. To the solution of the obtained boronic acid (0.595
mmol} in methanol (5 mL) was added sodium borohydride
(11 mg, 0.30 nunol), and the mixture was stirred at room
temperature for 1 h. Water was added. and the mixture was
extracted with ethyl acetate. The organic layer was washed
with brine and dried on anhydrous sodium sulfate. The sol-
vent was removed under reduced pressure, and the residue
was purified by silica gel column chromatography to give
0.217 mmol of 1.

5.2 Results
Analytical data for exemplary compounds of structure T are
provided below.

5.2.a 1.3-Dihydro-5-fluoro- 1-hydroxy-
2,1-benzoxaborole (C10)

Analytical data for this compound is listed in 4.2,j.
Example 6

Preparation of I from 3

6.1 One-Pot Beronylation and Cyclization

To asolutionof 3 (4.88 mmol) and triisopropy] borate (1.35
ml., 5.86 nunol) in tetrahydrofuran (10 mL) was added n-bu-
tyHlithium (1.6 mol/L in hexanes; 6.7 mL, 10.7 mmol) drop-
wise over 15 min at —78° C. under nitrogen atmosphere, and
the mixture was stitred for 2 h while allowing to warm to
room temperature. The reaction was quenched with 2N HCl,
and extracted with ethyl acetate. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure, and the
residue was purified by silica gel column chromatography
and treated with pentane to give 0.41 mmol of T.

6.2 Results
Analytical data for exemplary compounds of structure [ are
provided below.

6.2.a 1.3-Dihydro-5-fluoro-1-hydroxy-
2,1-benzoxaborole (C10)

Analytical data for this compound is listed in 4.2,].
Example 7

Preparation of T from 3

7.1 One-Pot Boronylation and Cyclization with Distillation
To a solution of 3 (4.88 mmol) in toluene (20 mL) was
added triisopropyl borate (2.2 mL. 9.8 mmol), and the mix-
ture was heated at reflux for 1 h, The solvent, the generated
isopropyl alcohol and excess triisopropyl borate were
removed under reduced pressure. The residue was dissolved
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in tetrahydrofuran (10 mL) and cooled to -78° C. n-Butyl-
lithium (3.2 ml.. 5.1 mmol) was added dropwise over 10 min,
and the mixture was stirred for 1 h while allowing to warm to
room temperature. The reaction was quenched with 2N HCI,
and extracted with ethyl acetate. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure. and the
residue was purified by silica gel column chromatography to
give 1.54 mmol of 1.

7.2 Results

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

7.2.a 1,3-Dihydro-5-fluoro- 1 -hydroxy-
2.1 -henzoxaborole (C10)

Analytical data for this compound is listed in 4.2.].

Example 8

Preparation of 8 from 7

8.1 Bromination

To asolution of 7 (49.5 mmol) in carbon tetrachloride (200
ml.) were added N-bromosuccinimide (8.81 g, 49.5 mmol)
and N.N-azoisobutylonitrile (414 mg, 5 mol %), and the
mixture was heated at reflux for 3 h. Water was added. and the
mixture was extracted with chloroform, The organic layer
was washed with brine and dried on anhydrous sodiom sul-
fate. The solvent was removed under reduced pressure to give
the crude methyl-brominated intermediate 8.

Example 9

Preparation of 3 from 8

9.1 Hydroxylation

To crude 8 (49.5 mmol) were added dimethylformamide
(150 mL) and sodium acetate {20.5 g, 250 mmol), and the
mixture was stirred at 80° C. for overnight. Water was added,
and the mixture was extracted with ether. The organic layer
was washed with water and brine, and dried on anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure. To the residue was added methanol (150 mL) and 1IN
sodium hydroxide (50 mL). and the mixture was stirred at
room temperature for 1 h. The reaction mixture was concen-

trated to about a third of volume under reduced pressure. s

Water and hydrochloric acid were added, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with water and brine, and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure. and the

residue was purified by silica gel column chromatography s

followed by trituration with dichloromethane to give 21.8
mmol of 3.
9.2 Results

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

9.2.a 2-Bromo-5-cvanobenzyl Alcohol
'H-NMR (300 MHz, DMSO-d) d ppm 4.51 (d, ]-5.9 Hz.

2H), 5.67 (. J=5.6 Hz, 1H), 7.67 (dd, J-8.2, 2.0 Hz, 1H), 7.80
(s. J7=8.2 Hz, 1), 7.83 (d. J=2.0 Hz, 1),
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Additional examples of compounds which can be pro-
duced by this method include 2-hromo-5-(4-cyanophencoy)
benzyl alcohol.

Example 10

Preparation of 9 from 2

10.1 Reaction

A mixture of 2 (20.0 mmel), (methoxymethyl)triph-
enylphosphonium chloride (8.49 g, 24.0 mmol), and potas-
sium tert-butoxide (2.83 g, 24.0 mol) in N.N-dimethylforma-
mide (50 mL) was stirred at room temperature for overnight.
The reaction was quenched with 6 N HCI, and the mixture
was extracted with ethy]l acetate. The organic layer was
washed with water (x2) and brine, and dried on anhydrous
sodium sulfate. The solvent was removed under reduced. To
the residue were added tetrahydrofuran (60 mL) and 6 N HCI,
and the mixture was heated at reflux for 8 h. Water was added,
and the mixture was extracted with ether. The organic layer
was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure to
afford 16.6 mmol of 9.

Example 11

Preparation Method of Step 13

11.1 Reaction

A solution of | in an appropriate alcohol solvent (R'—OH)
was refluxed under nitrogen atmosphere and then distilled to
remove the alcohol to give the corresponding ester.

Example 12

Preparation of Ib from la

12.1 Reaction
To a solution of Ta in toluene was added amino alcohol and
the participated solid was collected to give Th.

12.2 Results

(500 mg, 3.3 mmol) was dissolved in toluene (37 mL) at
807 C. and ethanolamine (0.20 mL, 3.3 mmol) was added.
The mixture was cooled 1o room temperature, then ice bath,
and filtered to give C40 as a white powder (600.5 mg. 94%).

12.2a (C40)

'"H-NMR (300 MHz, DMSO-d,} 6 (ppm) 2.88 (1, ]=6.2 Hz,
2H), 3.75 (1, J=6.3 Hz, 2H). 4.66 (s, 21), 5.77 (br. 2H),
6.85-6.91 (m, 2I1), 7.31 (td, J=7.2, 1.2 Hz, 1H).

Example 13

Formulations

Compounds of the present invention can be administered to
a patient using a therapeutically effective amount of a com-
pound of Formulae (1) or (IT) in any one of the following three
lacquer formulations and one solvent formulation. The lac-
quer formulation provides good durability while the solvent
formulation provides good ease of use. These compounds can
also be applied using a spray formulation, paint-on lacquer,
drops, or other.
1. 20% propylene glycol; 70% ethanol; 10% compound of
invention;
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2. 70% ethanol; 20% poly(vinyl methyl ether-alt-maleic
acid monobutyl ester); 10% compound of the invention:

3. 56% ethanol; 14% water: 15% poly(2-hydroxyethyl
methacrylate); 5% dibutyl sebacate; 10% compound of
the invention;

4. 55% ethanol; 15% ethyl acetate; 15% poly(vinyl
acetate): 5% dibutyl sebacate; 10% compound of the
invention.

The preparation of these formulations is well known in the

art and is found in references such as Remington: The Science
and Practice of Pharmacy, supra.

Example 14
Antifungal MIC Testing
All MIC testing followed the National Committee for

Clinical Laboratory Standards (NCCLS) guidelines for anti-
microbial testing of yeasts and filamentous fungi (Pfaller et

al., NCCLS publication M38-A-— Reference Method for 2

Broth Dilution Antifungal Susceptibility Testing of Filamen-
tous Fungi: Approved Standard. Wayne, Pa.: NCCLS; 2002
(Vol. 22. No. 16) except the Malassezia species which was
incubated in a urea broth {Nakamura et al., dntimicrobial
Agents And Chemotherapy, 2000, 44{(8) p. 2185-2186).
Results of the MIC testing is provided in FIG. 1.

Example 15
Keratin Assay

Many antifungal agents strongly bind to keratin which not
only reduces their antifungal potency but also may restrict
their penetration into the nail. The affinities of the compounds
for keratin powder was determined by a method described in
Tatsumi, Antimicrobial Agents and Chematherapy, 46(12):
3797-3801 (2002).

A comparison of MIC data for several compounds of the
nvention against I rubrum, with and without the presence of
5% keratin, is provided in FIG. 1.

Example 16
(C10) Antifungal Spectrum of Activity
(C10 is a novel compound in development for use as a
topical antifungal treatment. The purpose of this study was to

determine the minimum inhibitory concentration (MIC) for
(C10) against 19 test strains of fungi including: dspergilus

Sfiemigatus (A. fumigatus), Candida Albicans (C. albicans, s

both fluconazole sensitive and resistant strains), Candida gla-
brata (C. glabrara), Candida krusei (C. krusei), Crnptococ-
cus neoformans (C. neaformans). Candida parapsilosis (C.

parapsilosis), Candida tropicalis (C. tropicalis), Epidermo-

phyton floccosum (E. floccosum). Fusarium solani (F. solani), s

Malassezia furfur (M. furfur), Malassezia pachvdermatis (M.
pachydermatis), Malassezia sympodialis (M. sympodialis),
Microsporum audouinii (M. audouinii), Microsporum canis
(M. canis), Microsporum gypseum (M. gypseum), Trichophy-
ton  mentagrophytes (T mentagrophytes), Trichophyton
rubrum (I rubrum). Trichopivton tonsurans (I, tonsurans).
Fungal growth was evaluated after exposure to different con-
centrations of (C10). In addition, the MIC for (C10) against 70
rubrum in the presence of 5% keratin powder and the mini-
mum fungicidal concentration (MFC) for (C10) against I
rubrum and T, mentagrophytes were also determined. Ciclo-
pirox and/or terbinafine and/or fluconazole and/or itracona-
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zole were used as comparators and tested in a similar manner.
These studies were conducted at NAEJA Pharmaceutical, Inc.

Materials and Methods

(C10) was obtained from Anacor Pharmaceuticals, Inc.
(Palo Alto, Calif., USA). ATCC strains were obtained from
ATCC (Manassas, Va, USA). Ciclopirox-olamine was
obtained from Sigma-Aldrich Co. (St. Louis, Mo, USA).
Terbinafine, fluconazole and itraconazole were synthesized at
NAEJA Pharmaceutical Inc. (Edmonton, AB. Canada).
experimental procedures and analytical data for these stan-
dards are stored in NAEJA archives.

All MIC testing followed the National Committee for
Clinical Laboratory Standards (NCCLS) guidelines for anti-
microbial testing of veasts and filamentous fungi (Pfaller et
al., 2002) except the Malassezia species which were incu-
bated in a urea broth (Nakamura et al., 2000}. The microbroth
dilution method was used to test the in vitro activity of (C10)
against 19 test stramns of fungl. Briefly, compounds were
dissolved in DMSO and diluted in sterile water to give a
working stock. Two-fold serial dilutions of the working stock
were prepared in 96-well plates and media was added. Media
was RPMI, RPMI+MOPS, modified RPMI, or modified Urea
broth. The plates were inoculated with the fungal suspensions
to give a final inoculum size of 0.5-2.5x10° cells/ml. for
yeasts or 0.4-5x10* CFU/mL for filamentous fungi and then
incubated for 24-168 h at 35° C. The final concentration of
DMSO did not exceed 5%. The MIC was defined as the lowest
concentration that resulted in over 90% reduction of growth,
as compared to a drug-free control. The MFC was defined as
the lowest concentration that killed over 90% of the fungi, as
campared to a drug-free control.

Results and Conclusions
The results for the MIC of (C10) and reference compounds

5 against 19 strains of fungi are shown in F1G. 2. The results for

the MEC of AN2690 against 2 strains of fungi are shown in
Table 2. (C10) had MIC values ranging from 0.25-2 pg/ml.
against all fungi tested. Addition of 5% keratin powder to the
media did not effect the MIC against T. rubrum. (C10) had
fungicidal activity against T. rubrum and T. mentagrophytes
with MFC values of 8 and 16 pg/ml. respectively. Reference
compounds had MIC values in the range defined by NCCLS.

Example 17

The Solubility, Stability and Log P Determination of
Compounds of the Present Invention by LC/MS/MS

The solubility, room temperature stability and Log P of
C10 was determined by the following methoedology.

Reagents and Standards:

Ethanol: 200 proof ACS Grade (EM Science, Gibbstown,
N.J., USA); Octanol: Octyl alcohol (EM Science, Gibbstown,
N.J., USA); Acetonitrile;: HPLC Grade (Burdick & Jackson,
Muskegon, Mich,, USA); Ammonium Acetate:  lot
3272X49621 (Mallinckrodt, Phillipsburg, N.J., USA): C10:
lot A032-103 (Anacor Pharmaceuticals, Palo Alto, Calif.,
USA); p-Nitrophenel (PNP}: lot OGNOI1 (TCI America,
Portland. Oreg., USA); Water: Dejonized water (from Milli-
pore systems, Billerica, Mass., USA)

Solubility

N-Octanol and water were mutually pre-saturated by vig-
orously stirring a mixture of both solvents for up to 12 h and
the mixture was allowed to separate. Solubility in each sol-
vent was determined by adding 10 pl. of 20, 40, 200, 1000 and
5000 ug/mL of C10 in DMSO to the pre-saturated n-octanol
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or water. After the sample was vortexed for 10 sec, the sample
was centrifuged for 10 min at ca, 3000 rpm. A visual inspec-
tion was made to determine if the sample was clear or if a
pellet had formed on the bottom of the tube.

LogP

C10 (10l of 5000 p/ml.) at 2% the final concentration was
addedto 0.5 mL pre-saturated n-octanol and mixed. An equal
volume (0.5 mL) of pre-saturated water was added. vortex
mixed and then mixed on a rotating shaker for one hour and 24
h in triplicate at ea. 25% C. The organi¢ and agueous layvers
were separated by centrifugation for § min at ca. 2000 rpm.
Twenty five uL of the octanol (top) layer were removed and
placed in a pre-labeled wbe. Twenty five pb of the agqueous
layer (hottom) were removed. taking care to avoid octanol
contamination, and placed in a pro-labeled tube.

Stability at Room Temperature

C10 (10 pL of 5000 pg'mL) was added both te 0.5 mL
n-octanol and 0.5 mL water in triplicate. Samples were
mixed. At O h and 24 h samples were stored at ca, =20° C.
Twenty five pl. of sample was used for analysis.

Extraction Procedure C10

For the octanol sample, 25 1L of ethanol, 25 ul. of water
and 300 L. of acetonitrile containing the internal standard
was added. For the water sample. 25 plL of ethanol. 25 ul. of
octanol and 300 pl of acetonitrile containing the internal
standard [60 mL of acetonitrile add 6 pL of PNP {1000
pg/ml}| was added. For the calibrators 25 pl of octanol, 25
uL of water and 300 pL. of acetonitrile containing the internal
standard was added. The sample was vortexed for 10 seconds.
Two hundred uL of the organic layer were transferred into a
clean deactivated antosampler vial.

Calculations

A l/concentration weighted linear regression was used for
the quantitation of C10. All integration were performed with
peak areas using Analyst version 1.3, Applied Biosystems.
For C10, peak area ratios analyte to internal standard PNP
were used for all quantitation.

The partition coefficient {P} was calculated according to
the equation detailed below:

FP=[Sample concentration] ... [Sample
CONCENration |, ...

Log P=log,o(partition coefficient)

Results:

As shown in Table 17A the solubility of C10 in both
octanol and water is very good over the concentration range
tested.

TABLE 17A
Solubility of €10 in water and oetanol
Targered
Cone Water Cretanol
fng'ml.} Visnal Vasnal
0_BM] Clear Clear
4.0k Clear Clear
200 Clear Clear
100 Clear Clear

Table 178 shows the results ofthe log P determination atter
[ lvand 24 h for C10. The mean log Pafter | hwas 1.97 (n=3).
After 24 h the concentrations in both the octanol and water
layer remained the same. The mean log P after 24 hwag 1.93
{n=3).

o

5

20

30

i3

4l

50

55

A0

62
TABLE 17B
Log Pof CLO
Cone. in Water Conc. m Oetanol

Sumple (pginl) {(ng'mL) LogP

1 h-1 1.26 108 193

1h-2 1.2t 103 193

1h-3 L.05 115 204
24 h-1 i 104 1.91
24 h-2 LI7 109 127
24 h-3 1.28 29.0 1.89

A stability study for C10 was initiated at room temperature
over 24 h without continucus mixing. Table 17C shows that
C10 in pure water and octanol is stable over 24 h.

TABLE 17C
Water and Octano] stability for C10 at room temperature
afier 24 .
Percent
Mean Remaining 74 h
Zample {ng'mL) 5D versus U g
Water-0 b 825 & 115
Water-14 b 950 214
Octancl-0 h 115 3.06 93
Octanol-24 i 107 6.11

Example 18

Determination of Penetration of C10 into the Human

Nail

Two nail penetration studies were performed based on the
protocol in Hui et al., Joewrnal of Pharmaceutical Sciences,
a1¢1): 189-195 (2002} (“Hui protocol”). The purpose of this
study was to determine and compare the penetration and
distribution of C101in vehicle inta the human nail plate in vitro
relative to 8% ciclopirox w/w in commercial lacquer (Pen-
lac®).

Materials and Methods

Test Article and Dosage Formulation

8% ciclopirox w/w in commercial lacquer was manufac-
tured by Dermick (Berwyn, Pa.). The radiochemical purity
and specific activity of the chemical was determined as >95%
and 12.5 mCi/mmol, respectively.

The study was composed of two groups. The compositions
(weight %) of the dosage formulations are as follows:

Active radiolabeled compound in four groups.

Test Chernical
(%a)

Dosing

=14 days)

Radioactivity

Groups* iper 10 pL)

ACL
C iCiclopirox)

qd 10
qd ]

0,19 pCi
0.22 pCi

*A = C10 group, C = Ciclopiriox group

Human Nails

Healthy human finger nail plates were collected from adult
human cadavers and stored in a closed container at 0-4° C.
Before the experiment, the nail plates were gently washed
with normal saline to remove any contamination, then re-
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hydrated by placing them tfor three hours on a cloth wetted
with normal saline. The nail samples were randomly selected
into four groups.

Dasing and Surface Washing Procedures

Dose Preparation:

Radicactivity of each group is approximately 0.19£0.01
and 0.2220.03 pCi/10 pL solutions respectively, for "*C-C10
(group A}, and *C-ciclopirox (group C).

Experiment Procedure;

Studdy Croup A Group C
Day wash dose zample wish doze sample
1 D D
2 w D w b
3 W D & w D [
4 W D W D
5 w D w D
6 W D o w D (53
7 W D W bl
] W D w D
b W D C W D L
14 W D w D
11 W D W D
12 W D c W D c
13 W D W D
14 W D W D
15 W C.N W N

W = once per day before dosing (9~10 AM).
D = once per day (9~10 AM),
C = chanping/sampling cotton ball after sarface washing hefore topical dos-

g
N = Nail sampling.

Washing Procedure

Surface washing was started in morning 10 min prior to
next dosing, the surface of the nail was washed with cotton
tips in a cycle, as follows:

tip wetted with absolite ethanol, then

tip wetted with absohite ethanol, then

tip wetted with 30% IVORY liguid soap, then

tip wetted with distilled water, then

final tip wetted with distilled water.

The washing samples from each cycle of each nail were
pooled and collected by breaking off the cotton tip into sein-
tillation glass vials. Aliquots of 3.0 mL methanol were added
into each vial to extract test material. The radioactivity of
each sample was measured in a liquid scintillation counter.

Incubation System

A Teflon one-chamber diffusion cell {PermeGear, Inc.,
Hellertown, Pa.) was used to hold each nail. To approximate
physiological conditions, a small cotton ball wetted with 0.1
mL normal saline was placed in the chamber to serve as a nail
bed and provide moisture for the nail plate. Every 3 days, 0.1
ml. normal saline was injected through the inlet into the
chamber to keep the cotton ball wet, The nail plate was placed
ona ledge inside the receptor (1.0 em indiameter and 0.5 cm
high). The ventral (inner) surface of the nail was placed face
down and rested on the wet cotton ball. The cells were placed
ona platfonn inalarge glass holding tank filled with saturated
sodium phosphate solution to keep the cells at a constant
humidity of 40%.

Sampling Instrument

The nail sampling instrument had two parts, a nail sample
stage and a drill. The nail sampling stage consists of a copper
uail holder, three adjustments, and a nail powder capture.
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Three adjustments allow movement in vertical direction. The
first coarse adjustment (on the top) was for changing the
copper cell and taking powder samples from the capture. The
other two adjustments (lower) were for sampling process. The
second coarse adjustment allowed movement of 25 mm and
the fine adjustment provides movement of 0.20 mm. The nail
powder capture was located between the copper cell and the
cutter. The inner shape of the capture was inverted funnel and
the end of funnel connects to a vacuum. By placing a circle
filter paper inside of the funnel, the nail powder samples were
captured on the filter paper during the sampling process.

Sampling Procedure

Aftercompletion of the incubation phase. the nail plate was
transferred from the diffusion cell to a clean copper nail
holder for sampling process. The nail plate was inverted so
that the ventral (nail bed) surface now faced up and the dorsal
{outer) dosed surfaced faced down. The copper nail holder
has an opening as it sits on top of the stage. When the sam-
pling process initiated, the coarse adjustment was adjusted to
move the position of the stage until the nail plate was just
touching the tip of the cutter. Then the drill was turned on and
the fine adjustment was turned to push the stage closer to the
drill, removing a nail core sample. After the above process.

. approximate 0.40-0.50 mm in depth and 7.9 mm in diameter

nail pulverized samples were harvested from the center of the
ventral (nail bed) surface of the nail.

The powdered nail samples were collected mto a glass
scintillation vial and weighted. Aliquots of 5.0 mL Packard
soluene-350 (Packard Instrument Company, Meriden, Conn.}
was added to the scintillation vial w dissolve the powder. The
upper part, the intermediate and darsal layers of the center of
the nail, including the area of application of the dose was cut
i the same diameter as the sampled area and was then placed
imo a glass scintillation vial with 5.0 mL packard soluene-
350. The rest of the nail was also placed in a glass seintillation
vial with 5.0 mL packard soluene-350.

The amount of nail sample removed was measured by the
difference in weight of the nail plate before and after drilling.
and collecting the core of powder.

Radicactivity Measurement

All radioactivity measurements were conducted with a
Model 1300 Liguid Scintillation Counter (Packard Instru-
ment Company, Downer Grove, 111.). The counterwas audited
for accuracy using sealed samples of quenched and
unquenched standards as detailed by the instrument manual.
The ““C counting efficiency is equal to or greater than 95%.
All nail samples pre-treated with packard soluene-350 were
incubated at 40° C. for 48 hours followed by the addition of 10
mL seintillation cocktail (HIONIC-FLUOR, Packard Instru-
ment Company, Meriden. Comt.). Other samples {standard
dose, surface washing, and bedding material) were mixed
directly with Universal ES scintillation cocktail (ICN Bio-
medicals, Costa Mesa, Calif.). Background control and test
samples were counted for 3 minutes each for radicactivity.

Data Analysis

All sample counts (expressed as dpm ) were transcribed by
hand to a computerized spreadsheet (Microsoft Excel). The
individual and mean (+5.D.) amount of test chemical equiva-
lentinnail, bedding material, and wash samples are presented
asdpm, pCi. percent administered dose, and mg equivalent at
each time point. The concentration of ' *C-labeled test chemi-
cals were calculated from the value based on the specific
activity of each ['*C]-test chemical. The information of con-
centration of non-labeled test chemieal in the topical fornmu-
lation was obtained from the manufactures. Total concentra-
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tion of test chemical equivalent is the sum of the
concentration of "*C-labeled test chemical and the concen-
tration of non-labeled test chemical. The value of total
amount of test chemical equivalent in each nail sample was
calculated from these values based on radioactivity of the
sample and the ratio of total mg test chemical equivalent and
radioactivity of the test chemical. The data was further nor-
malized by dividing with the weight of the sample. Statistical
significant of nail samples from every two groups was ana-
lyzed by student t-test.

Terminology

Ventral/intermediate center: Powdered nail sample 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).

Daorsal/intermediate center: Immediate area of dosed site.

Remainder nail: The remaining part of the nail that has not
been dosed.

Supporting bed: The cotton ball placed within the Teflon
chamber of the diffusion cell to provide moisture 1o the nail
plate and also to receive chemicals penetrating through the
nail plate.

Surfacing washing: Ethanol (or other organic solvents ) and
soap/water washing on the surface of the dosed site.

Ring: A plastic ring placed on the top of the nail plate to
prevent leakage from the dose site onto rest of the nail plate or
inside of the cell chamber.

Cell washing: Fthanol {or other organic solvents ) and soap/
water wash of the inside of the diffusion cell.

Results

Characteristics of Nail Samples

For both groups (Group A group and Group C) the thick-
ness of whole nail plate, the depth of the ventral surface core
sample removed by cutter, the percentage of the whole nail
thickness, and the actual weight of powdered nail sample
were collected. No statistical difference is found between two
groups (P>0.05).

Weight Normalized C10 and Ciclopirox Equivalent in Nail

F1G. 3 shows summarized normalized drug equivalents in
each part (layer) of nail samples. Atter weight normalization,
the concentration of’ C10 equivalent in dorsal/intermediate
center, ventral/intermediate center. and remainder nail

samples was significantly higher than that of ciclopirox 3

equivalent (p=0.002).

C10 and Ciclopirox Equivalent in Cotton Ball Nail Support-
ing Bed

FIG. 4 shows summarized C10 and ciclopirox equivalentin 3

supporting bed cotton ball samples. Similar to weight nor-
malized C10 equivalent in the nail plate samples, absolute
amount of C10 equivalent per cotton ball sample in group A
(after 14 day dosing) was significantly higher than that of
ciclopirox in group C (p=0.004), The difference of these two
test chemicals was 250 times.

Mass Balance of Radioactivity of [**C]-C10and [**C]-Ciclo-
pirox after 14-Day Treatment

Table 5 shows sunmarized radioactive recovery from
washing, nail samples, and supporting bed cotton ball
samples. Cumulative radioactivity recoveries of carbon-14
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were 8829.21, and 89x1.56 percent of applied dose in group
A, and group C. respectively. 88% of the radiolabeled mate-
rial was accounted for.

CONCLUSION

In this study, penetration rate of ['*C]-C10 in Anacor topi-
cal formulation and [**C]-ciclapirox (8% w/w in commercial
lacquer) into human nail with four different dosing and wash-
ing methods was studied.

Results show that much more amount of [**C]-C10 pen-
etrating into the deeper parts of the nail when compared with
[**C]-ciclopirox. Tables 3 and 4 show that the amount of
["*C]-C10 equivalent in ventral/intermediate center of the
nail layer and cotton ball supporting bed in the group A was
statistically higher (p=0.002) than group C after a 14-day
dosing period.

Example 19

Determination of Penetration of C10 into the Human
MNanl

The aim of the current study was to assess and compare the
perungual absorption of C10 in a simple vehicle using Med-
Pharm’s TurChub® model (see http:/fwww.medpharm-
co.uk; specifically http://www.medpharm.co.uk/downloads/

) $kin%20and%20nail%20dec202003 pdf: viewed Feh. 14,

2006). ina full scale experiment. Six replicates involving C10
were conducted and Formulations Y (8% ciclopirox w/w in
commercial lacquer) and Z (Loceryl, 5% amorolfine w/v in
commercial lacquer) were used as the reference formulations.

The following materials were used in these experiments.
These materials were used without any modifications.

A dose of 40 pL/em” of the test compound C10 in 50:50
propylene glvcol:ethy] acetate was applied to a full thickness
nail sample each day over a total duration of five days. Both
the reference formulations were also applied at the same dose.

TurChub® Zone of Inhibition Experiment

Placebo, test item C10 in vehicle and the reference formu-
lations Y and 7 were tested for their inhibition of Trichopiy-
ton rubrum (17 rubrum) growth after penetration through a
full thickness human nail using a zone of inhibition measure-
ment.

Formulation Efficacy Testing

FIGS, 5-9 show the results obtained from the TurChub
zone of inhibition assays. It can be observed that C10 is a
potent antifungal agent, which can penetrate through a full
thickness nail to elicit its effect against the target organism 7
rubrim. No zones of inhibition were observed with reference
formulationsY and Z or with the placebo for C10. The experi-
ment using C10 was repeated for a second time to confirm the
result and it can be cohserved from FIGS. 6 and 7 that C10
shows zones of inhibition of 100%. 6 7%, 46%. 57%. 38% and
T1% inthe first experiment and 74%, 86%, 100%, 82%, 100%
and 84% in the second experiment. The measurement was
taken from the nail 1o the first point of growth observed.

From the results obtained using MedPharm’s TurChub
zone of inhibition assay as a test system, the test item C10 was
found to be a powerful antifungal agent and demonstrated
superior results vs. the commereial reference formulations Y
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and Z. From these experiments it appears that the compound
is permeating through a full thickness nail barrier to exhibit
the antifungal activity.

Example 20

Determination of Penetration of C10 into the Human
Mail

Dose Response

The optimal dose-response range for penetration into the
human nail was determined to be between 1% and 15%. The
experiments to determine the optimal dose-response was con-
ducted as follows.

Tests at different test compound concentrations were con-
ducted on nails derived from the same cadaver. Cadaver nails
were hydrated overnight, cut into 4 equally sized squares and
placed onto individual poloxomer supports. Test articles were

formulated in a lacquer at 1%, 2.5%, 5%, 7.5%, 10% and 15% -

w/v. A 40 pL/em” dose is applied to the center of the nail piece
and the natls are lefi for 24 hrs. Nails are removed from the
poloxomer support. Poloxomier support is analyzed tor quan-
tity of compound using LC/MS/MS.

It is understood that the examples and embodiments
described herein are for illustrative purpeses only and that
various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence in their entirety for all purposes.

What is claimed is:

1. A method of treating an infection in an animal, said
method comprising administering to the animal a therapeuti-
cally etfective amount of 1,3-dihydro-5-fluore-1-hydroxy-2.
I-henzoxaborele, or a pharmaceutically acceptable salt
thereof, sufficient to treat said infection.

2. The method of claim 1, wherein said infection is a
member selected from a systemic infection, a cutaneous
infection. and an ungual or periungual infection.

3. The method of claim 1., wherein said infection is a
member selected from chloronychia, paronychias, erysipe-
loid, onychorrhexis, gonorrhea. swimming-pool granuloma,
larva migrans, leprosy, Orf nodule, milkers’ nodules, herpetic
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whitlow, acute bacterial perionyxis. chronic perionyxis,
sporotrichosis, syphilis, tuberculosis verrucosa cutis, tulare-
mia. tungiasis, peri- and subungual warts. zona. nail dystro-
phy (trachyonychia), dermatological diseases, psoriasis, pus-
tular psoriasis, alopecia aerata, parakeratosis pustulosa,
contact dermatosis, Reiter’s syndrome, psoriasiform acral
dermatitis. lichen planus, idiopathy atrophy in the nails, lichin
nitidus, lichen striatus, inflammatory linear verrucous epider-
mal naevus (ILVEN), alopecia, pemphigus, bullous pemphig-
oid. acquired epidermolysis bullosa, Darier’s disease, pityri-
asis rubra pilaris, palmoplantar keratoderma. contact eczema,
polymorphic erythema, scabies, Bazex syndrome, systemic
scleroderma, systemic lupus erythematosus, chronic lupus
erythematosus, dermatomyositus, Sporotrichosis, Mycotic
keratitis, Extension oculomycosis. Endogenous oculomyco-
sis, Lobomycosis, Mycetoma, Piedra, Pityriasis versicolor,
Tinea corporis. Tinea cruris, Tinea pedis. Tinea barbae, Tinea
capitis, Tinea nigra, Otomycosis, Tinea favosa, Chromomy-
cosis, and Tinea Imbricata.

4. The method of claim 1, wherein said infection is ony-
chomycosis.

5. The method of claim 1, wherein said animal is a member
selected from a human, cattle, goat, pig, sheep, horse, cow,
bull, dog, gninea pig. gerbil, rabbit, cat, chicken and wrkey.

6. The method of claim 4. wherein said onychomycosis is
tinea unguium.

7. The method of claim 1, wherein said animal is a human.

8, The method of claim 1, wherein the administering is ata
site which is a member selected from the skin, nail, hair, hoof
and claw.

9. The method of claim 8. wherein said skin is the skin
surrounding the nail, hair, hoof or claw.

10. The method of claim 1, wherein said infection is a
fungal infection.

11. A method of treating onychomycosis in a human, said
method comprising administering to the human a therapenti-
cally effective amount of 1,3-dihydro-5-fluoro- 1 -hydroxy-2,
1-benzoxaborole, or a pharmaceutically acceptable salt
thereof, sufficient to treat said onychomycosis.

12. A method of inhibiting the growth of a fungus in a
human, said method comprising administering to the human
a therapeutically effective amount of 1,3-dihydro-5-fluoro-1-
hydroxy-2,1 -benzoxaborole, or a pharmaceutically accept-
able salt thereof.
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