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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

MILLENNIUM PHARMACEUTICALS, INC.,

Plaintiff,

C.A. No. 19-471 (CFC)

AUROBINDO PHARMA USA INC,,
AUROBINDO PHARMA LIMITED, AND
EUGIA PHARMA SPECIALITIES LTD.

Defendants.

N N N N N N N N N N N N

AMENDED COMPLAINT

Plaintiff Millennium Pharmaceuticals, Inc., by its attorneys, alleges as follows:

NATURE OF THE ACTION

1. This is an action for patent infringement under the patent laws of the United
States, Title 35, United States Code, that arises out of the submission by Defendants Aurobindo
Pharma Limited, Aurobindo Pharma USA Inc., and Eugia Pharma Specialties Ltd. (collectively,
“Aurobindo” or “Defendants”) of Abbreviated New Drug Application (“ANDA”) No. 212825 to
the U.S. Food and Drug Administration (“FDA”) seeking approval to manufacture and sell a
generic version of VELCADE® for Injection prior to the expiration of U.S. Patent Nos.
6,713,446 and 6,958,319 (the “Patents-in-Suit”).

PARTIES

2. Plaintiff Millennium Pharmaceuticals, Inc. (“Millennium”) is a corporation
organized and existing under the laws of the State of Delaware, with its principal place of

business at 40 Landsdowne Street, Cambridge, Massachusetts 02139. Millennium is engaged in
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the business of developing, manufacturing, and selling pharmaceutical drug products,
particularly for use in the therapeutic area of oncology.

3. On information and belief, Defendant Aurobindo Pharma Limited (““Aurobindo
Pharma”) is a corporation organized under the laws of India, with its principal place of business
at Water Mark Building, Plot No. 11, Survey no.9, Kondapur, Hitech City, Hyderabad — 500
084, Telangana, India.

4. On information and belief, Defendant Aurobindo Pharma USA Inc. (“Aurobindo
USA”) is a corporation organized and existing under the laws of the State of Delaware, with its
principal place of business at 279 Princeton-Hightstown Rd, East Windsor, New Jersey 08520-
1401.

5. On information and belief, Defendant Eugia Pharma Specialities Ltd. (“Eugia”) is
a corporation organized and existing under the laws of India, with its principal place of business
at Plot #2, Maitri Vihar, Ameerpet, Hyderabad—500 038, Andhra Pradesh, India.

6. Upon information and belief, Aurobindo Pharma, itself and through its
subsidiaries and agents, including Aurobindo USA and Eugia, manufactures, distributes and/or
imports generic drugs for sale and use throughout the United States, including in this judicial
district.

7. Upon information and belief, Aurobindo USA manufactures, and/or distributes
generic drugs for sale and use throughout the United States and in this judicial district at the
direction, under the control, and for the direct benefit of Aurobindo Pharma and/or Eugia.

8. Upon information and belief, Eugia manufactures, distributes and/or imports

generic drugs for sale and use throughout the United States, including in this judicial district.



Case 1:19-cv-00471-CFC Document 33 Filed 12/12/19 Page 3 of 45 PagelD #: 299

9. Upon information and belief, Defendants acted collaboratively in the preparation
and submission of ANDA No. 212825. Upon information and belief, Aurobindo USA’s
preparation and submission of ANDA No. 212825 was done at the direction, under the control,
and for the benefit of Aurobindo Pharma and/or Eugia.

10.  Upon information and belief, following any FDA approval of ANDA No. 212825,
Aurobindo Pharma, itself and through its subsidiaries and agents, including Aurobindo USA and
Eugia, will make, use, offer to sell, and/or sell the generic products that are the subject of ANDA
No. 212825 throughout the United States, including in the State of Delaware, and/or import such
generic products into the United States.

JURISDICTION AND VENUE

11. This action arises under the patent laws of the United States and this Court has
jurisdiction over the subject matter of this action pursuant to 28 U.S.C. §§ 1331, 1338(a), 2201,
and 2202.

12. Venue is proper in this district pursuant to 28 U.S.C. §§ 1391 and 1400(b).

13.  Venue is proper in this district with respect to Aurobindo USA because
Aurobindo USA is organized and exists under the laws of the State of Delaware.

14.  Venue is proper in this district with respect to Aurobindo Pharma because
Aurobindo Pharma is not resident in the United States.

15. The court has personal jurisdiction over each of the Defendants because, among
other things, they have each committed, or aided, abetted, contributed to and/or participated in
the commission of, a tortious act of patent infringement that has led to foreseeable harm and
injury to Millennium, a Delaware corporation, which manufactures VELCADE® for Injection

for sale and use throughout the United States, including the State of Delaware. This Court also
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has personal jurisdiction over the Defendants by virtue of, among other things, their systematic
and continuous contacts with Delaware as set forth below.

16.  Upon information and belief, Eugia is a wholly-owned subsidiary of Aurobindo
Pharma.

17.  Upon information and belief, Aurobindo USA is a wholly-owned subsidiary of
Aurobindo Pharma, and the United States agent for Eugia and Aurobindo Pharma.

18. Upon information and belief, Aurobindo Pharma, itself and through its
subsidiaries and agents, including Aurobindo USA and Eugia, currently manufactures and
distributes for sale drug products throughout the United States, including in this judicial district.

19. Upon information and belief, Aurobindo Pharma, directly or through Aurobindo
USA and/or Eugia, routinely files ANDAs seeking FDA approval to market its drug products in
the United States.

20. Upon information and belief, Defendants collaborate in the manufacture,
marketing, and sale of many pharmaceutical products (including generic drug products
manufactured and sold pursuant to approved ANDASs) throughout the United States, including in
this judicial district.

21.  Upon information and belief, Aurobindo USA sells generic drug products in the
United States, including in this judicial district, that are manufactured by Aurobindo Pharma
and/or Eugia.

22.  Upon information and belief, Defendants derive substantial revenue from generic
pharmaceutical products that are sold, used, and/or consumed within Delaware.

23. Upon information and belief, Defendants will manufacture, market, and/or sell

within the United States the generic version of VELCADE® for Injection described in ANDA
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No. 212825 if FDA approval is granted. If ANDA No. 212825 is approved, the generic version
of VELCADE® for Injection charged with infringing the Patent-in-Suit, would, among other
things, be marketed and distributed in Delaware, prescribed by physicians practicing in
Delaware, and/or used by persons in Delaware, all of which would have a substantial effect on
Delaware.

24.  Aurobindo has taken advantage of the jurisdiction of this Court by filing
counterclaims in other actions before this Court, including in Boehringer Ingelheim
Pharmaceuticals Inc. et al. v. Aurobindo Pharma Limited et al., No. 1-18-cv-01757 (D. Del.);
Gilead Sciences, Inc. et al. v. Aurobindo Pharma Ltd. et al., No. 1-18-cv-00765 (D. Del.);
Anacor Pharmaceuticals, Inc. v. Ascent Pharmaceuticals, Inc. et al., No. 1-18-cv-01673 (D.
Del.); Novartis Pharmaceuticals Corporation v. Accord Healthcare Inc. et al., No. 1-18-cv-
01043 (D. Del.); Allergan Sales, LLC et al. v. Aurobindo Pharma USA, Inc. et al., No. 1-18-cv-
00118 (D. Del.); Mallinckrodt IP Unlimited Company et al. v. Aurobindo Pharma USA, Inc., No.
1-17-cv-01877 (D. Del.); Pfizer Inc. et al. v. Aurobindo Pharma USA Inc., No. 1-17-cv-01775
(D. Del.); Onyx Therapeutics, Inc. v. Aurobindo Pharma USA, Inc., No. 1-17-cv-01699 (D.
Del.); Teijin Limited et al. v. Aurobindo Pharma Ltd. et al., No. 1-17-cv-01314 (D. Del.).

25. This Court has personal jurisdiction over Aurobindo USA because, among other
things, it is organized and exists under the laws of the State of Delaware.

26. This Court has personal jurisdiction over Aurobindo Pharma and Eugia by virtue
of, among other things, their systematic and continuous contacts with Delaware.

27.  In the alternative, this Court may exercise personal jurisdiction over Aurobindo
Pharma and Eugia pursuant to Federal Rule of Civil Procedure 4(k)(2) because (a) Millennium’s

claims arise under federal law; (b) Aurobindo Pharma and Eugia are foreign companies not



Case 1:19-cv-00471-CFC Document 33 Filed 12/12/19 Page 6 of 45 PagelD #: 302

subject to personal jurisdiction in the courts of any state; and (c) Aurobindo Pharma and Eugia
have sufficient contacts with the United States as a whole, including but not limited to marketing
and/or selling generic pharmaceutical products that are distributed and sold throughout the
United States, such that this Court’s exercise of jurisdiction over Aurobindo Pharma and Eugia
satisfies due process.

BACKGROUND

28. United States Patent No. 6,713,446 (“the 446 patent”), entitled “Formulation of
Boronic Acid Compounds” (Exhibit A hereto), was duly and legally issued on March 30, 2004.
The ’446 patent, which is owned by the United States of America as Represented by the
Secretary of Health and Human Services, will expire on January 25, 2022.

29. United States Patent No. 6,958,319 (“the 319 patent”), entitled “Formulation of
Boronic Acid Compounds” (Exhibit B hereto), was duly and legally issued on October 25, 2005.
The ’319 patent, which is owned by the United States of America as Represented by the
Secretary of Health and Human Services, will expire on January 25, 2022.

30. Millennium has had an exclusive license to the Patents-in-Suit since December 2,
2002, by virtue of an exclusive worldwide license agreement for the research, development, and
manufacture of MLN341 (bortezomib) for distribution, sale and use in oncology disease states.
Pursuant to this license, Millennium has the right to bring suit in its own name, at its own
expense, and on its own behalf for infringement of the Patents-in-Suit.

31. VELCADE® for Injection is a proteasome inhibitor, for intravenous or
subcutaneous administration, approved by the FDA for the treatment of patients with multiple
myeloma and patients with mantle cell lymphoma.

32. Millennium sells VELCADE® for Injection in the United States pursuant to New

Drug Application No. 21-602 which was approved by the FDA in 2003 and pursuant to several

-6 -
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subsequent supplemental new drug applications for additional indications and a new route of
administration which have also been approved by the FDA.

33. VELCADE® for Injection, and its preparation and use, are covered by one or
more claims of the Patents-in-Suit, which have been listed in connection with VELCADE® for
Injection in the FDA’s publication, Approved Drug Products with Therapeutic Equivalence
Evaluations, referred to as the “Orange Book.”

34.  For example, VELCADE® for Injection is the lyophilized mannitol ester of
bortezomib, which has the chemical name D-mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-
L-leucine boronate, and which is covered by at least claim 20 of the ’446 patent. See e.g., 446
patent, claim 20 (“The lyophilized compound D-mannitol N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronate.”); see also *446 patent, claims 1-6, 8-16, 18-19, 21-27, 29-38,
47, 49, 58-59, 61-64, 66-67, and 69. Further, the preparation and/or use of VELCADE® for
Injection are covered by at least claims 39-40, 42-44, 46, 50-51, 53-55, 57, 65, and 68 of the
’446 patent.

35.  In addition, VELCADE® for Injection is covered by at least claim 26 of the 319
patent. See, e.g., 319 patent, claim 26 (“The lyophilized compound of claim 20, wherein said
compound is a sugar ester of N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid.”);
see also ’319 patent, claims 1-3, 5-9, 11-17, 19-22, 24-25, 27-28, 46, 55, 57, 71, 73, and 75.
Further, the preparation, and/or use of VELCADE® for Injection are covered by at least claims
29-31, 33-36, 38-45, 47-48, 50-52, 54, 59-60, 62-64, 66-68, 70, 72, 74, and 76-78 of the *319

patent.
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36. By letter dated January 28, 2019 (the “Notice Letter”), Defendants notified
Millennium that they had submitted to the FDA ANDA No. 212825 for bortezomib for injection,
3.5 mg/vial, a generic version of VELCADE® for Injection (“Defendants” ANDA Product”).

37.  In the Notice Letter, Defendants stated that their ANDA included Paragraph IV
certifications with respect to the Patents-in-Suit and alleged that the Patents-in-Suit are invalid,
unenforceable, or will not be infringed by the commercial manufacture, use, offer for sale, or
sale of the Defendants” ANDA Product.

38. In the Notice Letter, however, Defendants do not contest infringement of claims
1-6, 8-16, 18-27, 29-32, 36-40, 42-44, 46-47, 49, 54-55, 57, 59, and 61-69 of the ’446 patent
except on the basis of their assertion that these claims are invalid. These claims are variously
directed to mannitol esters of a genus of chemical compounds that encompasses bortezomib, the
mannitol ester of bortezomib, the lyophilized mannitol ester of bortezomib, a composition
comprising mannitol esters of a genus of chemical compounds that encompasses bortezomib and
a pharmaceutically-acceptable carrier, a composition comprising the lyophilized mannitol ester
of bortezomib and a pharmaceutically acceptable carrier, a lyophilized cake comprising the
lyophilized mannitol ester of bortezomib, a composition comprising the mannitol ester of
bortezomib and a pharmaceutically acceptable carrier, as well as a method of preparing the
lyophilized mannitol ester of bortezomib, a lyophilized cake comprising the lyophilized mannitol
ester of bortezomib prepared in accordance with that method, and a composition comprising a
pharmaceutically-acceptable carrier and the lyophilized mannitol ester of bortezomib prepared
according to that method.

39. In addition, in the Notice Letter, Defendants do not contest infringement of claims

1-3, 5-9, 11-17, 19-22, 24-31, 33-36, 38-40, 44-48, 50-52, 54-55, 57, 59-60, 62-64, 66-68, and
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70-78 of the ’319 patent except on the basis of their assertion that these claims are invalid.
These claims variously encompass mannitol esters of a genus of chemical compounds that
encompasses bortezomib, the mannitol ester of bortezomib, the lyophilized mannitol ester of
bortezomib, a composition comprising mannitol esters of a genus of chemical compounds that
encompasses bortezomib and a pharmaceutically-acceptable carrier, a composition comprising
the lyophilized mannitol ester of bortezomib and a pharmaceutically acceptable carrier, a
lyophilized cake comprising the lyophilized mannitol ester of bortezomib, a composition
comprising the mannitol ester of bortezomib and a pharmaceutically acceptable carrier, as well
as a method of preparing the lyophilized mannitol ester of bortezomib, a lyophilized cake
comprising the lyophilized mannitol ester of bortezomib prepared in accordance with that
method, and a composition comprising a pharmaceutically-acceptable carrier and the lyophilized
mannitol ester of bortezomib prepared according to that method.

40.  Defendants have committed an act of infringement pursuant to 35 U.S.C.
§ 271(e)(2)(A) by submitting ANDA No. 212825 under 21 U.S.C. § 355(j)(2), seeking approval
to engage in the commercial manufacture, use and/or sale of the Defendants’ ANDA Product
before the expiration of the terms of the Patents-in-Suit.

41. The sale, offer for sale, importation, preparation, and/or use of the proposed
Defendants’ ANDA Product for which Defendants seek approval in their ANDA will directly
and/or indirectly infringe one or more claims of the Patents-in-Suit.

42. Millennium is entitled under 35 U.S.C. § 271(e)(4) to full relief from Defendants’
acts of infringement, including an Order by this Court ensuring that the effective date of any
approval of ANDA No. 212825 relating to the proposed Defendants’ ANDA Product shall not be

earlier than the expiration of the Patents-in-Suit.
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43. This action was commenced before the expiration of forty-five days from the date
of Millennium’s receipt of the Notice Letter.

COUNT1I

INFRINGEMENT OF U.S. PATENT NO. 6,713.446

44.  Millennium incorporates each of the preceding paragraphs 1-43 as if fully set
forth herein.

45.  Defendants’ submission of ANDA No. 212825 for the purpose of obtaining
approval to engage in the commercial manufacture, use, offer for sale, and/or sale of the
Defendants’ ANDA Product before the expiration of the 446 patent was an act of infringement
of the *446 patent under 35 U.S.C. § 271(e)(2)(A).

46.  Upon information and belief, Defendants intend to engage in the manufacture,
use, offer for sale, sale, and/or importation of the Defendants” ANDA Product with its proposed
labeling immediately and imminently upon approval of ANDA No. 212825.

47. The commercial manufacture, use, offer for sale, sale and/or importation of the
Defendants’ ANDA Product would directly infringe one or more claims of the *446 patent. For
example, upon information and belief, the Defendants’ ANDA Product and/or the intended use
thereof are covered by at least claims 1-6, 8-16, 18-27, 29-32, 36-40, 42-44, 46-47, 49-51, 53-55,
57-59, and 61-69 of the *446 patent (the “’446 Asserted Claims”).

48.  Defendants had knowledge of the 446 patent when they submitted their ANDA
to the FDA. Further, upon information and belief, Defendants know (or are willfully blind to the
fact) that the commercial manufacture, use, offer to sell, sale, or importation of the Defendants’
ANDA Product will constitute infringement of at least the ’446 Asserted Claims. Upon
information and belief, this knowledge is reflected through, among other things, the *446 patent’s

listing in the Orange Book in relation to VELCADE® for Injection, prior litigation related to the

-10 -
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’446 patent, including Millennium Pharmaceuticals, Inc. v. Sandoz Inc., C.A. No. 12-1011-GMS
(consolidated), Millennium Pharmaceuticals, Inc. v. Sandoz Inc., No. 15-2066 (Fed. Cir.), and
Defendants’ Notice Letter, which does not contest infringement of claims 1-6, 8-16, 18-27, 29-
32, 36-40, 42-44, 46-47, 49, 54-55, 57-59, and 61-69 of the ’446 patent except on the basis of
Defendants’ assertion that these claims are invalid.

49. Upon information and belief, use of the Defendants’ ANDA Product in
accordance with and as directed by Defendants’ proposed labeling for that product would
infringe one or more claims of the 446 patent. For example, upon information and belief,
Defendants’ proposed labeling will instruct that the Defendants’ ANDA Product is the
lyophilized mannitol ester of bortezomib and will instruct that the Defendants’ ANDA Product
be prepared for administration in a manner covered by at least claims 39-40, 42-44, 46, 50-51,
53-55, 57, 63, 65, and 68 of the ’446 patent. Accordingly, Defendants will actively induce
infringement under 35 U.S.C. § 271(b) of at least claims 39-40, 42-44, 46, 50-51, 53-55, 57, 63,
65, and 68 of the ’446 patent upon approval of ANDA No. 212825.

50. The Defendants” ANDA Product is specially made to infringe at least claims 39-
40, 42-44, 46, 50-51, 53-55, 57, 63, 65, and 68 of the 446 Patent, and has no substantial non-
infringing use. Accordingly, the commercial manufacture, use, offer to sell, sale, or importation
of the Defendants’ ANDA Product will contributorily infringe at least claims 39-40, 42-44, 46,
50-51, 53-55, 57, 63, 65, and 68 of the 446 Patent under 35 U.S.C. § 271(c).

51.  Upon information and belief, Defendants acted without a reasonable basis for
believing that they would not be liable for directly and indirectly infringing the *446 patent.

52.  Unless Defendants are enjoined from directly and indirectly infringing the ’446

patent, Millennium will suffer irreparable injury. Millennium has no adequate remedy at law.

-11 -
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COUNT 11

INFRINGEMENT OF U.S. PATENT NO. 6,958.319

53.  Millennium incorporates each of the preceding paragraphs 1-52 as if fully set
forth herein.

54.  Defendants’ submission of ANDA No. 212825 for the purpose of obtaining
approval to engage in the commercial manufacture, use, offer for sale, and/or sale of the
Defendants’ ANDA Product before the expiration of the 319 Patent was an act of infringement
of the 319 Patent under 35 U.S.C. § 271(e)(2)(A).

55.  Upon information and belief, Defendants intend to engage in the manufacture,
use, offer for sale, sale, and/or importation of the Defendants’ ANDA Product with its proposed
labeling immediately and imminently upon approval of ANDA No. 212825.

56. The commercial manufacture, use, offer for sale, sale and/or importation of the
Defendants’ ANDA Product would directly infringe one or more claims of the *319 Patent. For
example, upon information and belief, the Defendants’ ANDA Product and/or the intended use
thereof are covered by at least claims 1-3, 5-9, 11-17, 19-22, 24-31, 33-36, 38-40, 44-48, 50-52,
54-55, 57, 59-60, 62-64, 66-68, and 70-78 of the 319 Patent (the “’319 Asserted Claims™).

57.  Defendants had knowledge of the 319 Patent when they submitted their ANDA
to the FDA. Further, upon information and belief, Defendants know (or are willfully blind to the
fact) that the commercial manufacture, use, offer to sell, sale, or importation of the Defendants’
ANDA Product will constitute infringement of at least the ’319 Asserted Claims. Upon
information and belief, this knowledge is reflected through, among other things, the ’319
Patent’s listing in the Orange Book in relation to VELCADE® for Injection, prior litigation
related to the *319 Patent, including Millennium Pharmaceuticals, Inc. v. Sandoz Inc., C.A. No.

12-1011-GMS (consolidated), and Defendants’ Notice Letter, which does not contest

-12 -
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infringement of claims 1-3, 5-9, 11-17, 19-22, 24-31, 33-36, 38-40, 44-48, 50-52, 54-55, 57, 62-
64, 66-68, and 70-78 of the ’319 Patent, except on the basis of Defendants’ assertion that these
claims are invalid.

58. Upon information and belief, use of the Defendants’ ANDA Product in
accordance with and as directed by Defendants’ proposed labeling for that product would
infringe one or more claims of the ’319 Patent. For example, upon information and belief,
Defendants’ proposed labeling will instruct that the Defendants® ANDA Product is the
lyophilized mannitol ester of bortezomib and will instruct that the Defendants’ ANDA Product
be prepared for administration in a manner covered by at least claims 47-48, 50-52, 54, 59-60,
62-64, 66-68, 70, 72, 74, and 77 of the ’319 Patent. Accordingly, Defendants will actively
induce infringement under 35 U.S.C. § 271(b) of at least claims 47-48, 50-52, 54, 59-60, 62-64,
66-68, 70, 72, 74, and 77 of the *319 Patent upon approval of ANDA No. 212825.

59. The Defendants’ ANDA Product is specially made to infringe at least claims 47-
48, 50-52, 54, 59-60, 62-64, 66-68, 70, 72, 74, and 77 of the 319 Patent, and has no substantial
non-infringing use. Accordingly, the commercial manufacture, use, offer to sell, sale, or
importation of the Defendants’ ANDA Product will contributorily infringe at least claims 47-48,
50-52, 54, 59-60, 62-64, 66-68, 70, 72, 74, and 77 of the *319 Patent under 35 U.S.C. § 271(c¢).

60.  Upon information and belief, Defendants acted without a reasonable basis for
believing that they would not be liable for directly and indirectly infringing the *319 Patent.

61.  Unless Defendants are enjoined from directly and indirectly infringing the ’319
Patent, Millennium will suffer irreparable injury. Millennium has no adequate remedy at law.

PRAYER FOR RELIEF

WHEREFORE, Millennium prays that this Court grant the following relief:

-13 -
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(a) A judgment that Defendants’ submission of ANDA No. 212825 was an act of
infringement of the Patents-in-Suit, and that Defendants’ manufacture, use, offer to sell, sale, or
importation of the Defendants’ ANDA Product prior to the expiration of the Patents-in-Suit, will
infringe and/or actively induce and/or contribute to infringement of the Patents-in-Suit;

(b) An Order pursuant to 35 U.S.C. § 271(e)(4)(A) providing that the effective date of
any FDA approval of Defendants’ ANDA No. 212825, or any product or compound that
infringes the Patents-in-Suit, shall not be earlier than the expiration of the Patents-in-Suit,
including any extensions and/or additional periods of exclusivity to which Millennium is or
becomes entitled;

(c) An Order permanently enjoining Defendants, and their affiliates and subsidiaries,
and each of their officers, agents, servants and employees, from making, have made, using,
offering to sell, selling, marketing, distributing, or importing the Defendants> ANDA Product, or
any product or compound that infringes the Patents-in-Suit, or inducing or contributing to the
infringement of the Patents-in-Suit until after the expiration of the Patents-in-Suit;

(d) A declaration that this is an exceptional case and an award of attorneys’ fees to
Millennium pursuant to 35 U.S.C. §§ 285 and 271(e)(4), together with its reasonable costs; and

(e) Such further and other relief as this Court deems proper and just.

-14 -
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(7) ABSTRACT

The present invention provides stable compounds prepared
from boronic acid and lyophilized compounds thereof of the
formula (1):

R o R? z!
L gl
p” N SNz
H
1 3
R L O R

in which Z' and Z? are moieties derived from sugar. The
invention also provides methods for preparing such com-
pounds. Lyophilizing a mixture comprising a boronic acid
compound and a moiety derived from sugar produces a
stable composition that readily releases the boronic acid
compound upon reconstitution in aqueous media.
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FORMULATION OF BORONIC ACID
COMPOUNDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of U.S. patent
application Ser. No. 10/056,563, filed Jan. 25, 2002 and U.S.
Provisional Patent Application No. 60/264,160, filed Jan. 25,
2001.

FIELD OF THE INVENTION

This invention relates to the formulation of pharmaceu-
tical compounds. More particularly, the invention relates to
stable, pharmaceutically acceptable compositions prepared
from boronic acid compounds. The invention also relates to
methods for preparing such compositions.

BACKGROUND OF THE INVENTION

Boronic acid and ester compounds display a variety of
pharmaceutically useful biological activities. Shenvi et al.,
U.S. Pat. No. 4,499,082 (1985), discloses that peptide
boronic acids are inhibitors of certain proteolytic enzymes.
Kettner and Shenvi, U.S. Pat. No. 5,187,157 (1993); U.S.
Pat. No. 5,242,904 (1993); and U.S. Pat. No. 5,250,720
(1993), describe a class of peptide boronic acids that inhibit
trypsin-like proteases. Kleeman et al., U.S. Pat. No. 5,169,
841 (1992), discloses N-terminally modified peptide boronic
acids that inhibit the action of renin. Kinder et al., U.S. Pat.
No. 5,106,948 (1992), discloses that certain tripeptide
boronic acid compounds inhibit the growth of cancer cells.

Adams et al., U.S. Pat. No. 5,780,454 (1998), U.S. Pat.
No. 6,066,730 (2000), U.S. Pat. No. 6,083,903 (2000), and
U.S. Pat. No. 6,297,217 (2001), hereby incorporated by
reference in their entirety, describe peptide boronic ester and
acid compounds useful as proteasome inhibitors. The refer-
ences also describe the use of boronic ester and acid com-
pounds to reduce the rate of muscle protein degradation, to
reduce the activity of NF-kB in a cell, to reduce the rate of
degradation of p53 protein in a cell, to inhibit cyclin
degradation in a cell, to inhibit the growth of a cancer cell,
to inhibit antigen presentation in a cell, to inhibit NF-xkB
dependent cell adhesion, and to inhibit HIV replication.
Brand et al., WO 98/35691, teaches that proteasome
inhibitors, including boronic acid compounds, are useful for
treating infarcts such as those that occur during stroke or
myocardial infarction. Elliott et al., WO 99/15183, teaches
that proteasome inhibitors are useful for treating inflamma-
tory and autoimmune diseases.

Unfortunately, alkylboronic acids are relatively difficult to
obtain in analytically pure form. Snyder et al., J. Am. Chem.
Soc.,3611 (1958), teaches that alkylboronic acid compounds
readily form boroxines (anhydrides) under dehydrating con-
ditions. Also, alkylboronic acids and their boroxines are
often air-sensitive. Korcek et al., J. Chem. Soc., Perkin
Trans. 2 242 (1972), teaches that butylboronic acid is readily
oxidized by air to generate 1-butanol and boric acid. These
difficulties limit the pharmaceutical utility of boronic acid
compounds, complicating the characterization of pharma-
ceutical agents comprising boronic acid compounds and
limiting their shelf life.

There is thus a need in the art for improved formulations
of boronic acid compounds. Ideally, such formulations
would be conveniently prepared, would exhibit enhanced
stability and longer shelf life as compared to the free boronic
acid compound, and would readily liberate the bioactive
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boronic acid compound when administered to a subject in
need of boronic acid therapy.

SUMMARY OF THE INVENTION

The present invention provides stable, pharmaceutically
acceptable compositions prepared from boronic acid com-
pounds. The invention also provides methods for preparing
such compositions. The invention provides the discovery
that lyophilization of an aqueous mixture comprising a
boronic acid compound and a compound having at least two
hydroxyl groups produces a stable composition that readily
releases the boronic acid compound upon dissolution in
aqueous media.

In a first aspect, the invention provides compounds having
formula (1):

R o R? z!
L g
p” N \r Nz
H
1 3
R . O R

wherein:

®

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R?, R* and R are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R?;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS,
where W is a chalcogen and R® is alkyl;

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or
R® can be optionally substituted; and

Z' and Z? together form a moiety derived from a sugar,
wherein the atom attached to boron in each case is an
oxygen atom.

In a second aspect, the invention provides a composition

comprising a compound of formula (2):

R o R? VA
L g )
p” N Y S
H
1 3
R . O R

wherein:

P is hydrogen or an amino-group-protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R', R? and R® are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R?>;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS,
where W is a chalcogen and R® is alkyl;

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or
R can be optionally substituted; and

Z? and Z* together form a moiety derived from a com-
pound having at least two hydroxyl groups separated by
at least two connecting atoms in a chain or ring, said

@
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chain or ring comprising carbon atoms and, optionally,
a heteroatom or heteroatoms which can be N, S, or O;
in a lyophilized powder.

In a third aspect, the invention provides a method for
formulating a boronic acid compound, the method compris-
ing:

(a) preparing a mixture comprising

() water,

(ii) a boronic acid compound; and

(iii) a compound having at least two hydroxyl groups
separated by at least two connecting atoms in a chain
or ring, the chain or ring comprising carbon atoms,
and optionally, a heteroatom or heteroatoms which
can be N, S, or O; and

(b) lyophilizing the mixture.

In a fourth aspect, the invention provides compositions
prepared by the methods of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention provides stable, pharmaceutically accept-
able compositions prepared from boronic acid compounds
and methods for preparing the compositions. The invention
also provides novel boronate ester compounds.

For purposes of the present invention, the following
definitions will be used:

As used herein, the terms “formulate” and “formulation”
refer to the preparation of a boronic acid compound in a
form suitable for administration to a mammalian subject,
preferably a human. Often, formulation of the boronic acid
compound comprises addition of pharmaceutically accept-
able excipients, diluents, or carriers. In some embodiments,
formulation of the boronic acid compound comprises for-
mation of a chemical derivative of the boronic acid
compound, preferably formation of a boronate ester. The
term “formulation” refers to any form commonly used for
pharmaceutical administration, including solids, liquids,
suspensions, creams, and gels. For purposes of the present
invention, the formulation is preferably a lyophilized pow-
der.

As used herein, the term “lyophilized powder” refers to
any solid material obtained by lyophilization of an aqueous
mixture.

By “stable formulation” is meant any formulation having
sufficient stability to have utility as a pharmaceutical agent.
Preferably, the formulation has sufficient stability to allow
storage at a convenient temperature, preferably between 0°
C. and 40° C., for a reasonable period of time, preferably
longer than one month, more preferably longer than three
months, even more preferably longer than six months, and
most preferably longer than one year.

As employed herein, the term “boronic acid” refers to any
chemical compound comprising a —B(OH), moiety. Snyder
et al., J. Am. Chem. Soc. 3611 (1958), teaches that alkyl
boronic acid compounds readily form oligomeric anhydrides
by dehydration of the boronic acid moiety. Thus, unless
otherwise apparent from context, the term “boronic acid” is
expressly intended to encompass free boronic acids, oligo-
meric anhydrides, including, but not limited to, dimers,
trimers, and tetramers, and mixtures thereof.

As employed herein, the term “compound having at least
two hydroxyl groups™ refers to any compound having two or
more hydroxyl groups. For purposes of the present
invention, the two hydroxyl groups are preferably separated
by at least two connecting atoms, preferably from about 2 to

10

15

20

25

30

35

40

45

50

55

60

65

4

about 5 connecting atoms, more preferably 2 or 3 connecting
atoms. The connecting atoms may be in a chain or a ring, the
chain or ring comprising carbon atoms and, optionally, a
heteroatom or heteroatoms, which can be N, S, or O. For
convenience, the term “dihydroxy compound” may be used
to refer to a compound having at least two hydroxyl groups,
as defined above. Thus, as employed herein, the term
“dihydroxy compound” is not intended to be limited to
compounds having only two hydroxyl groups.

As employed herein, the term “amino-group protecting
moiety” refers to any group used to derivatize an amino
group, especially an N-terminal amino group of a peptide or
amino acid. Such groups include, without limitation, alkyl,
acyl, alkoxycarbonyl, aminocarbonyl, and sulfonyl moieties.
However, the term “amino-group protecting moiety” is not
intended to be limited to those particular protecting groups
that are commonly employed in organic synthesis, nor is it
intended to be limited to groups that are readily cleavable.

The term “chalcogen” as employed herein refers to the
elements oxygen or sulfur.

The term “alkyl” as employed herein refers to straight and
branched chain aliphatic groups having from 1 to 12 carbon
atoms, preferably 1-8 carbon atoms, more preferably 1-6
carbon atoms, and still more preferably 1-4 carbon atoms,
which may be optionally substituted with one, two or three
substituents. Unless otherwise explicitly stated, the term
“alkyl” is meant to include saturated, unsaturated, and
partially unsaturated aliphatic groups. When unsaturated
groups are particularly intended, the terms “alkenyl” or
“alkynyl” will be used. When only saturated groups are
intended, the term “saturated alkyl” will be used. Preferred
saturated alkyl groups include, without limitation, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, and hexyl.

The term “cycloalkyl” as employed herein includes satu-
rated and partially unsaturated cyclic hydrocarbon groups
having 3 to 12 carbons, preferably 3 to 8 carbons, and more
preferably 3 to 6 carbons, wherein the cycloalkyl group
additionally may be optionally substituted. Preferred
cycloalkyl groups include, without limitation, cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cycloheptyl, and cyclooctyl.

An “aryl” group is a C,—C, , aromatic moiety comprising
one to three aromatic rings, which may be optionally sub-
stituted. Preferably, the aryl group is a C,—C,, aryl group.
Preferred aryl groups include, without limitation, phenyl,
naphthyl, anthracenyl, and fluorenyl. An “aralkyl” or “ary-
lalkyl” group comprises an aryl group covalently linked to
an alkyl group, either of which may independently be
optionally substituted or unsubstituted. Preferably, the
aralkyl group is (C,—Cy)alk(Cs—C,o)aryl, including, without
limitation, benzyl, phenethyl, and naphthylmethyl. An
“alkaryl” or “alkylaryl” group is an aryl group having one or
more alkyl substituents. Examples of alkaryl groups include,
without limitation, tolyl, xylyl, mesityl, ethylphenyl, tert-
butylphenyl, and methylnaphthyl.

The terms “heterocycle,” “heterocyclic,” and “heterocy-
clyl” refer to any stable ring structure having from about 3
to about 8 atoms, wherein one or more atoms are selected
from the group consisting of N, O, and S. The nitrogen and
sulfur heteroatoms of the heterocyclic moiety may be
optionally oxidized, and the nitrogen atoms may be option-
ally quaternized. The heterocyclic ring can be attached to its
pendant group at any heteroatom or carbon atom that results
in a stable formula. The term “stable compound” or “stable
formula” is meant to refer to a compound that is sufficiently
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robust to survive isolation to a useful degree of purity from
a reaction mixture and formulation into an efficacious thera-
peutic agent.

The heterocyclic group may be optionally substituted on
carbon at one or more positions with any of the substituents
recited above. The heterocyclic group may also indepen-
dently be substituted on nitrogen with alkyl, aryl, aralkyl,
alkylcarbonyl, alkylsulfonyl, arylcarbonyl, arylsulfonyl,
alkoxycarbonyl, aralkoxycarbonyl, oxo, or hydroxy, or on
sulfur with oxo or lower alkyl. Preferred heterocyclic groups
include, without limitation, epoxy, aziridinyl,
tetrahydrofuranyl, pyrrolidinyl, piperidinyl, piperazinyl,
thiazolidinyl, oxazolidinyl, oxazolidinonyl, and morpholi-
nyl. The heterocyclic group may also be fused to an aryl,
heteroaryl, or heterocyclic group. Examples of such fused
heterocyles include, without limitation, tetrahydroquinoline
and dihydrobenzofuran.

As used herein, the terms “heteroaryl” and “aromatic
heterocyle” refer to groups having 5- to 14-membered rings,
preferably 5-, 6-, 9-, or 10-membered rings; having 6, 10, or
14w electrons shared in a cyclic array; and having, in
addition to carbon atoms, from one to about four, preferably
from one to about three, heteroatoms selected from the
group consisting of N, O, and S. The heteroaryl group may
be optionally substituted on carbon at one or more positions
with any of the substituents recited above. Preferred het-
eroaryl groups include, without limitation, thienyl,
benzothienyl, furanyl, benzofuranyl, dibenzofuranyl,
pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl,
pyrimidinyl, indolyl, quinolyl, isoquinolyl, quinoxalinyl,
tetrazolyl, oxazolyl, thiazolyl, and isoxazolyl.

As employed herein, a “substituted” alkyl, cycloalkyl,
aryl, heterocyclyl, or heteroaryl group is one having from
one and to about four, preferably from one to about three,
more preferably one or two, non-hydrogen substituents.
Suitable substituents include, without limitation, halo,
hydroxy, oxo, nitro, haloalkyl, alkyl, alkaryl, aryl, aralkyl,
alkoxy, aryloxy, amino, acylamino, alkylcarbamoyl,
arylcarbamoyl, aminoalkyl, alkoxycarbonyl, carboxy,
hydroxyalkyl, alkylsulfonyl, arenesulfonyl,
alkylsulfonamido, arenesulfonamido, aralkylsulfonamido,
alkylcarbonyl, acyloxy, cyano, and ureido groups. Prefer-
ably the substituents are independently selected from the
group consisting of C,—Cg alkyl, C3—Cg cycloalkyl, (C;—Cy)
alkyl(C,—Cg)eycloalkyl, C,—Cg alkenyl, C,—Cg alkynyl,
cyano, amino, C,—C, alkylamino, di(C,—C,)alkylamino,
benzylamino, dibenzylamino, nitro, carboxy, carbo(C,;—Cy)
alkoxy, trifluoromethyl, halogen, C,—C, alkoxy, CC,,
aryl, (Cs—Cyo)aryl(C;—Cg)alkyl, (Cs—Cyo)aryl(C;—Cs)
alkoxy, hydroxy, C,—C, alkylthio, C,—C, alkylsulfinyl,
C,—C,, alkylsulfonyl, C4—C,, arylthio, (-—C,, arylsulfinyl,
Ce—C,o arylsulfonyl, C,—C,q aryl, (C;—Cgalkyl(Cs—C,p)
aryl, and halo(C,—C,,)aryl.

The term oxo refers to an oxygen atom, which forms a
carbonyl when attached to carbon, an N-oxide when
attached to nitrogen, and a sulfoxide or sulfone when
attached to sulfur.

As herein employed, the term “acyl” refers to an alkyl-
carbonyl or arylcarbonyl substituent.

The term “acylamino” refers to an amide group attached
at the nitrogen atom. The term “carbamoyl” refers to an
amide group attached at the carbonyl carbon atom. The
nitrogen atom of an acylamino or carbamoyl substituent may
be additionally substituted. The term “sulfonamido” refers
to a sulfonamide substituent attached by either the sulfur or
the nitrogen atom. The term “amino” is meant to include
NH,, alkylamino, arylamino, and cyclic amino groups.
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The term “ureido” as employed herein refers to a substi-
tuted or unsubstituted urea moiety.

In a first aspect, the invention provides compounds having
formula (1):

®

~
TZ

wherein

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R', R? and R® are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R?>;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS,
where W is a chalcogen and R® is alkyl;

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or
R® can be optionally substituted; and

Z' and Z? together form a moiety derived from a sugar,
wherein the atom attached to boron in each case is an
oxygen atom.

As used herein, the term “moiety derived from a sugar”
refers to a moiety formed by removing the hydrogen atoms
from two hydroxyl groups of any sugar moiety. The moiety
derived from a sugar may be attached to boron by any two
of the hydroxyl groups of the sugar. For example, in various
embodiments, the boronate ester forms a 5-, 6-, 7-, 8-, or
9-membered ring. In some preferred embodiments, the bor-
onate ester forms a 5- or 6-membered ring.

The sugar is preferably a monosaccharide or disaccharide.
Non-limiting examples of suitable sugars include, glucose,
sucrose, fructose, trehalose, xylitol, mannitol, and sorbitol.
In certain preferred embodiments, the sugar is a reduced
sugar, more preferably mannitol or sorbitol. Thus, in the
embodiment wherein the sugar is mannitol or sorbitol, Z*
and Z* of the compound of formula (1) together form a
moiety of formula C;H,,0,, wherein the oxygen atoms of
the two deprotonated hydroxyl groups form covalent attach-
ments with boron to form a boronate ester compound.

Preferably, the mannitol or sorbitol boronate ester com-
pound has one of the following structures:

OH
OH
N ~
A
H
&l HO OH
OH
OH
OH
R 0 (l)
N B
g N e OH
H
Rl



Case 1:19-cv-00471-CFC Document 33 Filed 12/12/19

Page 21 of 45 PagelD #: 317

US 6,713,446 B2

7

-continued
HO

OH
R o R?
L g )
~
- N
H
R o R HO OH
A
OH
R o R? 0 OH
N § 1|3 OH
P N o
H
1 3
R . O R OH
HO
OH
R
N OH
P/
OH

However, structures with larger boronate ester ring sizes
are also possible.

In certain preferred embodiments, the mannitol or sorbitol
boronate ester forms a symmetrical 5-membered ring having
the following structure:

R 0 R? o
L g )
~—
- N
H
1 3
R . O R

Preferably, the mannitol or sorbitol is of the
D-configuration, although the L-configuration may also be
used. In certain particularly preferred embodiments, Z* and
Z? together form a moiety derived from D-mannitol. In these
embodiments, the boronate ester compound preferably has
one of the following structures:

R o R?
N N
- N
H
1 3
R L O R
R o R?
N N
- N
H
1 3
R . O R

OH

OH

OH

OH
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-continued

However, structures with larger boronate ester ring sizes
are also possible.

In certain particularly preferred embodiments, the bor-
onate ester compound has the following structure:

Om\\\‘
%/“\ % YB\

The P moiety of the compound of formula (1) is prefer-
ably hydrogen or one of R™—C(0)—, R,—S(0),—,
R,—NH—C(0)—, or R"—0—C(0)—, where R” is one of
alkyl, aryl, alkaryl, or aralkyl, any of which can be option-
ally substituted, or when P is R”—C(O)—or R’—S(0),—,
R” can also be an optionally substituted 5- to 10-membered
saturated, partially unsaturated, or aromatic heterocycle.

In certain preferred embodiments, P is one of R’—C
(0)— or R7—S(0),—, and R” is an optionally substituted
5- to 10-membered saturated, partially unsaturated, or aro-
matic heterocycle. Preferably, R” is an aromatic heterocycle,
more preferably pyrazinyl, pyridyl, quinolyl, or
quinoxalinyl, or a saturated heterocycle, preferably mor-
pholinyl. In some preferred embodiments, P is (2-pyrazine)
carbonyl or (2-pyrazine)sulfonyl.

In some preferred embodiments, R is hydrogen. In some
other preferred embodiments, R is alkyl, preferably C,—C,,
alkyl, more preferably C,—C,, alkyl, and most preferably
methyl or ethyl.

The variable Ain formula (1) can be 0, 1, or 2. Thus, when
A is zero, the residue within the brackets is not present and
the boronate ester compound is a dipeptide. Similarly, where
A is 1, the residue within the brackets is present and the
compound is a tripeptide. Where A is 2, the compound is a
tetrapeptide. In certain particularly preferred embodiments,
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Ais zero. For purposes of the invention, the terms “peptide,”
“dipeptide,” and “tripeptide” are intended to encompass
compounds comprising natural amino acid residues, unnatu-
ral amino acid residues, or a combination of natural and
unnatural amino acid residues. It will be apparent from
formulae (1)-(3), that the terms “peptide,” “dipeptide,” and
“tripeptide” are used herein to refer to compounds in which
the carboxylic acid functionality of the C-terminal amino
acid residue is replaced by a boronic acid or boronate ester
functionality.

It is preferred that the substituents R*, R? and R® in
formula (1) are each independently one of hydrogen, C,—C,,
alkyl, C5—C,, cycloalkyl, or C,~C,, aryl, or —CH,—R”,
wherein each of R, R%, R®, and R® may be optionally
substituted. More preferably, R*, R?, and R* are each inde-
pendently one of C,—C,, alkyl or —CH,—R?, and R® is one
of cycloalkyl, aryl, heterocyclyl, heteroaryl, or —W—R®
where W is chalcogen and R is alkyl. Preferably, R® is one
of C4—C,y aryl, (Ce—C,o)ar(C,—Cy)alkyl, (C,—Cy)alk
(Cc—C p)aryl, (C,—C,, cycloalkyl, C,—C, alkoxy, or C;—C,,
alkylthio or a 5- to 10-membered heteroaryl ring.

In certain particularly preferred embodiments, the com-
pound of formula (1)is one of:

D-Mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronate (also known as D-Mannitol [(1R)-3-
methyl-1-[[(2S)-1-0x0-3-phenyl-2-
[(pyrazinylcarbonyl) amino]propyl]amino ]butyl]
boronate);

D-Mannitol N-(2-quinoline)sulfonyl-L-
homophenylalanine-L-leucine boronate;

D-Mannitol N-(3-pyridine)carbonyl-L-phenylalanine-L-
leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-phenylalanine-
L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-f-(1-naphthyl)-
L-alanine-L-leucine boronate;

D-Mannitol N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-
alanine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-(O-benzyl)-L-
tyrosine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-tyrosine-L-
leucine boronate; or

D-Mannitol-N-(4-morpholine)carbonyl-[O-(2-
pyridylmethyl)]-L-tyrosine-L-leucine boronate.

In a second aspect, the invention provides a composition

comprising a compound of formula (2):

R o R? VA
L g )
p” N \r Sy
H
1 3
R . O R

wherein:

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, 0or 2;

RY, R? and R?® are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—RS3;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS,
where W is a chalcogen and R® is alkyl;

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or
R® can be optionally substituted; and
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Z? and Z* together form a moiety derived from a com-
pound having at least two hydroxyl groups separated by
at least two connecting atoms in a chain or ring, said
chain or ring comprising carbon atoms and, optionally,
a heteroatom or heteroatoms which can be N, S, or O;
in a lyophilized powder.

Preferred values for the variables P, R, A, R*, R%, R, R>,
and R® according to this aspect of the invention are as
described above for the first aspect.

The term “moiety derived from a compound having at
least two hydroxyl groups” according to this aspect of the
invention is used analogously to the term “moiety derived
from a sugar” described above, and thus refers to a moiety
formed by removing the hydrogen atoms from two hydroxyl
groups of a compound having at least two hydroxyl groups.
The moiety derived from a compound having at least two
hydroxyl groups may be attached to boron by the oxygen
atoms of any two of its hydroxyl groups. Preferably, the
boron atom, the oxygen atoms attached to boron, and the
atoms connecting the two oxygen atoms together form a 5-
or 6-membered ring. Examples of suitable compounds hav-
ing at least two hydroxyl groups (“dihydroxy compounds™)
include, without limitation, pinanediol, pinacol,
perfluoropinacol, ethylene glycol, diethylene glycol,
catechol, 1,2-cyclohexanediol, 1,3-propanediol, 2,3-
butanediol, 1,2-butanediol, 1,4-butanediol, glycerol, and
diethanolamine.

For purposes of the present invention, the dihydroxy
compound is preferably pharmaceutically acceptable and is
preferably miscible or soluble in water or an alcoholic
solvent. In some preferred embodiments, the dihydroxy
compound is a sugar, as described above, preferably a
monosaccharide or disaccharide, more preferably a reduced
sugar, and most preferably sorbitol or mannitol. In certain
particularly preferred embodiments, the dihydroxy com-
pound is mannitol, most preferably D-mannitol.

The composition according to this aspect of the invention
is in the form of a lyophilized powder. In some preferred
embodiments, the composition also comprises the free dihy-
droxy compound. Preferably, the dihydroxy compound and
the compound of formula (1) are present in the mixture in a
molar ratio ranging from about 0.5:1 to about 100:1, more
preferably from about 5:1 to about 100:1. In some
embodiments, the dihydroxy compound and the compound
of formula (1) are present in a ratio ranging from about 10:1
to about 100:1.

In some preferred embodiments, the composition further
comprises one or more other pharmaceutically acceptable
excipients, carriers, diluents, fillers, salts, buffers,
stabilizers, solubilizers, and other materials well known in
the art. The preparation of pharmaceutically acceptable
formulations containing these materials is described in, e.g.,
Remington’s Pharmaceutical Sciences, 18th Edition, ed. A.
Gennaro, Mack Publishing Co., Easton, Pa., 1990.

The compounds and compositions according to the first
and second aspects of the invention may be prepared by the
methods described herein, or by any method suitable to
produce the compound or composition. For example, the
boronate esters of formula (1) can be prepared from the
corresponding boronic acids by lyophilization in the pres-
ence of mannitol or sorbitol, as described herein, or,
alternatively, can be prepared from another boronate ester by
transesterification. Alternatively, the boronate esters of for-
mula (1) can be prepared by incorporation of the sugar
moiety at an earlier stage in the synthesis.
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In a third aspect, the invention provides a method for
formulating a boronic acid compound, the method compris-
ing:

(a) preparing a mixture comprising

() water,

(ii) a boronic acid compound; and

(iii) a compound having at least two hydroxyl groups
separated by at least two connecting atoms in a chain
or ring, the chain or ring comprising carbon atoms,
and optionally, a heteroatom or heteroatoms which
can be N, S, or O; and

(b) lyophilizing the mixture.

In certain preferred embodiments, the mixture comprises
one or more co-solvents in addition to water. Preferably, the
co-solvent is miscible with water. More preferably, the
co-solvent is an alcohol, including, without limitation, etha-
nol and tert-butanol. The composition of the solvent mixture
may range from about 5% to about 95% v/v alcohol. In some
embodiments, the aqueous solvent mixture comprises from
about 30% to about 50% alcohol, preferably from about 35%
to about 45% alcohol. In certain preferred embodiments, the
aqueous solvent mixture comprises about 40% tert-butanol.

In some other embodiments, the aqueous solvent mixture
comprises from about 1% to about 15% alcohol, preferably
from about 5% to about 10% alcohol. In certain preferred
embodiments, the aqueous solvent mixture comprises from
about 5% to about 10% ethanol.

Preferably, the compound having at least two hydroxyl
groups and the boronic acid compound are present in the
mixture in a w/w ratio ranging from about 1:1 to about
100:1. In various embodiments, the w/w ratio of dihydroxy
compound to boronic acid compound is about 10:1, 20:1,
30:1, 40:1, 50:1, 60:1, 70:1, 80:1, 90:1, or 100:1. Other
ratios are also possible.

The aqueous mixture can be prepared by any order of
addition. For example, in some embodiments, the dihydroxy
compound is added to an aqueous mixture comprising a
boronic acid compound. In some other embodiments, the
boronic acid compound is added to an aqueous mixture
comprising a dihydroxy compound. In still yet other
embodiments, the boronic acid compound and dihydroxy
compound can be added at the same time, or nearly at the
same time. In some embodiments, it may be advantageous
initially to add the boronic acid compound and/or the
dihydroxy compound to a solvent mixture containing a
higher percentage of co-solvent than is desired for the
lyophilization step, and then dilute with water.

In some preferred embodiments, the mixture further com-
prises one or more pharmaceutically acceptable excipients,
carriers, diluents, fillers, salts, buffers, stabilize, solubilizers,
and other materials well known in the art. The preparation of
pharmaceutically acceptable formulations containing these
materials is described in, e.g., Remington’s Pharmaceutical
Sciences, 18th Edition, ed. A. Gennaro, Mack Publishing
Co., Easton, Pa, 1990.

Preferred compounds having at least two hydroxyl groups
(“dihydroxy compounds”) according to this aspect of the
invention are as described above for the second aspect.

In certain preferred embodiments, the boronic acid com-
pound according to this aspect of the invention has formula
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©)]
R o] R? 7
u |
, _N . NYB\ZG
H
R! . O R?
wherein:

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R?, R* and R are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R?>;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS,
where W is a chalcogen and R® is alkyl;

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or
R® can be optionally substituted; and

77 and Z° are each OH.

Preferred values for the variables P, R, A, R*, R%, R, R>,

and R® according to this aspect of the invention are as

described above for the first aspect.

In certain particularly preferred embodiments, the boronic
acid compound is one of:

N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine

boronic acid;

N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(4-morpholine)carbonyl-f-(1-naphthyl)-L-alanine-L-

leucine boronic acid;

N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-alanine-L-

leucine boronic acid;

N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-

leucine boronic acid;

N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic

acid; or

N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-

tyrosine-L-leucine boronic acid.

In a fourth aspect, the invention provides compositions
prepared according to the methods according to the third
aspect of the invention. In some preferred embodiments,
formulation of a boronic acid according to the methods of
the invention results in formation of a chemical derivative of
the boronic acid compound, preferably formation of a bor-
onate ester. In these embodiments, formulation of a boronic
acid compound according to the method of the invention
produces a composition comprising a boronate ester
compound, according to the second aspect of the invention.

In some other embodiments, formulation of a boronic acid
compound according to the method of the invention does not
result in formation of a chemical derivative of the boronic
acid compound. In these embodiments, the composition
according to the third aspect of the invention comprises a
boronic acid compound and a compound having at least two
hydroxyl groups in a lyophilized powder.

The compositions according to the second and fourth
aspects of the invention can be readily reconstituted by
adding an aqueous solvent. Preferably, the reconstitution
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solvent is suitable for pharmaceutical administration.
Examples of suitable reconstitution solvents include, with-
out limitation, water, saline, and phosphate buffered saline
(PBS). For clinical use, the compositions according to the
second aspect of the invention are preferably reconstituted
with sterile saline (0.9% w/v).

Upon reconstitution in aqueous medium, an equilibrium is
established between any boronate ester present in the com-
position and the corresponding boronic acid. Typically,
equilibrium is reached quickly, e.g., within 10-15 minutes,
after the addition of water. The relative concentrations of
boronate ester and boronic acid present at equilibrium is
dependent upon the pH of the solution, temperature, and the
ratio of dihydroxy compound to boronic acid compound.

The following examples are intended to further illustrate
certain preferred embodiments of the invention, and are not
intended to limit the scope of the invention.

EXAMPLES

Example 1
Preparation of a Lyophilized Formulation of N-(2-pyrazine)
carbonyl-L-phenylalanine-L-leucine Boronic Acid with
D-mannitol

Approximately 40 mg of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid was weighed into a
container, and 16 mL of tert-butanol was added. The con-
tainer was closed and the suspension was warmed to
approximately 45° C. for 5 minutes to complete dissolution
of the compound. Water (24 mL) was added with stirring,
followed by 0.4 g of mannitol, added as an excipient, 1%
w/v. The mixture was stirred to complete dissolution and
then cooled to ambient temperature. The solution was fil-
tered through a 0.45 um nylon membrane. One milliliter
aliquots were placed in 5 mL serum bottles. Split rubber
stoppers were partially inserted into the bottles, and the
bottles were placed in a freeze dryer with a shelf temperature
of —45° C. After approximately 1 hour, the vacuum was
applied. The shelf temperature was allowed to rise gradually
to =35° C. and maintained at =35° C. until the ice was gone
from the samples (approximately 40 hours). The shelf tem-
perature control was then turned off and the shelf tempera-
ture was allowed to gradually rise to 0° C. A secondary
drying cycle was carried out by increasing the shelf tem-
perature in 3 increments to 25° C. over a time period of 1.5
hours. The shelf temperature was maintained at 25° C. for 2
hours. The samples were sealed under nitrogen and removed
from the freeze dryer.

The residual moisture content of the samples was deter-
mined by Karl Fischer analysis, using three lyophilized
products. The water content was 0.88% by weight.

Fast Atom Bombardment (FAB) mass spectral analysis of
the lyophilized product showed a strong signal at m/z=531,
indicative of formation of a covalent boronate ester adduct
between N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid and D-mannitol. Glycerol was
employed as the matrix, and a signal for the glycerol adduct
with N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid was observed at m/z=441. However, the inten-
sity of the signal at m/z=441 was very low compared to the
signal at m/z=531, possibly indicative of the enhanced
stability of the D-mannitol adduct.

Example 2
Production-Scale Preparation of a Lyophilized Formulation
of N-(2-Pyrazine)Carbonyl-L-Phenylalanine-L-leucine
Boronic Acid with D-Mannitol
In a clean compounding vessel, a solution of 97% tert-
butanol/3% Water for Injection was prepared by warming
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the required amount of tert-butanol to 35° C. and adding
Water for Injection. Approximately 5% of the solution was
reserved for use in rinsing. The solution was cooled to
15-30° C., and N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid was added with stirring. The container
was rinsed with the reserved tert-butanol/water solution, and
the rinses were added to the main vessel. The mixture was
stirred until the boronic acid compound was completely
dissolved. Mannitol was added, with residual mannitol
being rinsed into the reaction vessel with fresh Water for
Injection. Sufficient Water for Injection was added to reduce
the total alcohol content to 40% v/v. The mixture was stirred
until the mannitol was completely dissolved. The mixture
was filtered through a 0.22 micron filter. Aliquots of the
filtered solution were placed into previously sterilized vials.
The vials were sealed with lyophilization stoppers and were
placed on lyophilizer chamber shelves maintained at -45° C.
After two hours, the freeze dryer chamber was evacuated
and the chamber pressure was adjusted to 100-200 microns
with sterile nitrogen. The lyophilizer chamber shelves were
warmed to —30° C. using an appropriate ramp rate, and held
at that temperature for 10-15 hours. After each of the
product thermocouples read —33° C. or warmer, the shelf
temperature was adjusted to —15° C. over 7 hours using an
appropriate ramp rate and maintained at that temperature for
5 hours. After all product thermocouples recorded the shelf
temperature, the shelf was warmed to 0° C. over a period of
at least 7 hours using an appropriate ramp rate. When all
thermocouples recorded 0° C., the shelf was warmed to 27°
C. and maintained at that temperature for 4 hours. At the end
of the terminal drying phase, the chamber pressure was
restored using sterile nitrogen, and the vials were sealed and
removed.

Example 3
Reconstitution of N-(2-pyrazine)carbonyl-L-phenylalanine-
L-leucine Boronic Acid

The lyophilized formulation of N-(2-pyrazine)carbonyl-
L-phenylalanine-L-leucine boronic acid with D-mannitol
was prepared as described in Example 1. One sample was
reconstituted with 2 mL of water. Dissolution was complete
within 1-2 minutes of shaking. The entire solution was
transferred to a volumetric flask, diluted, and analyzed by
HPLC for content of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid. The total drug con-
tent was 1.09 mg. A second sample was reconstituted with
1 mL of propylene glycol: EtOH:H, 0, 40:10:50. Dissolution
was complete with 1 minute of shaking. The total drug
content was 1.11 mg.

The lyophilized formulation was also reconstituted with
0.9% w/v saline. The lyophilized material dissolved readily
at concentrations up to 6 mg/mL. By contrast, solid N-(2-
pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid
was not soluble in 0.9% w/v saline at a concentration of 1
mg/mL.

To be certain that free N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid was rapidly liberated
upon reconstitution of the lyophilized formulation in aque-
ous solution, the lyophilized formulation was dissolved in
neat DMSO and assayed for inhibition of the chymotrypsin-
like activity of the 20S proteasome as described in U.S. Pat.
No. 5,780,454. Proteasome inhibition can only be observed
if hydrolysis under the assay conditions is fast. The observed
K, value of 0.3 nM is equivalent to that observed for free
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic
acid, indicating complete and rapid hydrolysis of the
D-mannitol adduct under the assay conditions.

Example 4
HPLC Analysis of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine Boronic Acid
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System Parameters
Column: Adsorbosphere-HS-C18, 5u, 250x4.6 mm
Mobile Phase: 65/35: methanol/water containing 0.1%
TFA
Flow Rate: 1.0 mL/min
Detection/Sensitivity: PDA and UV at 255 nm, 0.1 aufs
Injection volume: 25 ul.
Internal Standard Solution 0.18 mg/mL diphenylamine in
methanol
Sample Preparation Accurately weighed 0.5-1.5 mg por-
tions of the sample or reference standard were dissolved in
2.00 mL of the internal standard solution.

Chromatographic parameters:

Sample Internal Standard
Retention time 8.4 min 18.9 min
Capacity factor, k' 2.0 5.8
Asymmetry (10%) 1.7 1.3
Rel. Retention, a 0.34
Resolution, R, = AT/ZW 15.1

AT and ZW, , are, respectively, the differences in reten-
tion times and the sum of the mid-width of the sample and
internal standard peaks. Minor variation of the mobile phase
is allowed to achieve results similar to those above.

Example 5

Stability of Formulations
Solid N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
Boronic Acid

N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid was prepared as described in U.S. Pat. No.
5,780,454. The product was obtained as a white amorphous
powder. The product was stable for more than 2 years when
stored at -20° C., as determined by HPLC analysis
(purity>97%). When stored at 2-8° C., the product was not
stable for longer than 3—6 months.
Liquid N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
Boronic Acid

A sterile liquid formulation (0.5 mg/mL) of N-(2-
pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid
was prepared in 0.9% w/v saline, 2% v/v ethanol and 0.1%
w/v ascorbic acid. When stored at 2-8° C., the liquid
formulation was not stable for longer than 6 months, as
determined by HPLC analysis.
Lyophilized D-mannitol N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine Boronate

The lyophilized product was prepared according to
Example 1 and stored at 5° C., ambient temperature, 37° C.,
and 50° C. Stability was monitored for approximately 18
months by periodically reconstituting a sample and analyz-
ing the entire contents of the bottle by HPLC. Over this time
period, there was no loss of drug in the lyophilized product
stored at any temperature and no evidence of degradation
product peaks in the HPL.C chromatograms.
Reconstituted Solution of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine Boronic Acid

The lyophilized product was prepared according to
Example 1, and samples (2.5 mg/vial) were reconstituted
with 2.5 mL of 0.9% w/v sterile saline. Dissolution was
complete within 10 seconds and afforded a clear, colorless
solution containing 1 mg/mL of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid. The solution showed
no sign of degradation when stored at ambient temperature
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(23° C.) for 43 hours. No special care was taken to protect
the solution from light.

All references, including publications, patent
applications, and patents, cited herein are hereby incorpo-
rated by reference to the same extent as if each reference
were individually and specifically indicated to be incorpo-
rated by reference and were set forth in its entirety herein.

The use of the terms “a” and “an” and “the” and similar
references in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. All methods described herein can be per-
formed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate
the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary
skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to
be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all
possible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

What is claimed is:

1. A compound of the formula (1):

R o R? z!
L g )
p” N \r Nz
H
1 3
R . O R

wherein

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R*, R?, and R? are each independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R?;

R, in each instance, is aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, heteroaryl, or —W—R®, where W is a
chalcogen and R® is alkyl;

wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R, R?, R, or
R® can be optionally substituted; and

®
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Z' and Z* together form a moiety derived from a sugar,
wherein the atom attached to boron in each case is an
oxygen atom, and wherein the sugar is mannitol.

2. The compound of claim 1, wherein A is 0.

3. The compound of claim 1, wherein P is R7—C(O)—,

R"—S(0),—, R"—NH—C(0)—, or R"—O0—C(0)—;
where R is alkyl, aryl, alkaryl, or aralkyl, any of which
can be optionally substituted, or when P is R"—C(0)—
or R’—S(0),—, R” can also be an optionally substi-
tuted 5- to 10-membered saturated, partially saturated,
or aromatic heterocycle.
4. The compound of claim 3, wherein P is R”—C(0)— or
R7”—S(0),—, and R” is an aromatic heterocycle.

5. The compound of claim 4, wherein P is (2-pyrazine)

carbonyl or (2-pyrazine)sulfonyl.

6. The compound of claim 3, wherein

A is zero;

R is hydrogen or C;—Cg alkyl; and

R? is C,—C, alkyl.

7. The compound of claim 6, wherein P is (2-pyrazine)

sulfonyl.

8. The compound of claim 1, wherein

R', R?, and R* are each independently hydrogen, C;—Cg
alkyl, C5—C,, cycloalkyl, C—C,, aryl, or —CH,—R?;

R in each instance is C4—C,, aryl, (C4—C,o)ar(C,—Cy)
alkyl, (C;—Cg)alk(C4—C,p)aryl, Cs—C,, cycloalkyl,
C,—Cy alkoxy, or C,—Cg alkylthio;

wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl groups of R?,
R?, R?, or R can be optionally substituted.

9. The compound of claim 1, wherein said compound is:

D-Mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronate;

D-Mannitol N-(2-quinoline)sulfonyl-L-
homophenylalanine-L-leucine boronate;

D-Mannitol N-(3-pyridine)carbonyl-L-phenylalanine-L-
leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-phenylalanine-
L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-f-(1-naphthyl)-
L-alanine-L-leucine boronate;

D-Mannitol N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-
alanine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-(O-benzyl)-L-
tyrosine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl- L-tyrosine-L-
leucine boronate; or

D-Mannitol N-(4-morpholine)carbonyl-[O-(2-
pyridylmethyl)]-L-tyrosine-L-leucine boronate.

10. The compound D-mannitol N-(2-pyrazine)carbonyl-

L-phenylalanine-L-leucine boronate.
11. A lyophilized compound of the formula (1):

@
71

H |
N N B

Y \Zz

Rr3

Rr2

~
TZ

R! . O
wherein
P is hydrogen or an amino-group protecting moiety;
R is hydrogen or alkyl;

18
Ais 0,1, or 2;
R*, R?, and R? are each independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R?;
R® in each instance, is aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, heteroaryl, or —W—R®, where W is a
chalcogen and R® is alkyl;

wherein the ring portion of any said aryl, aralkyl, alkyaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R, R?, R, or

o R® can be optionally substituted; and

Z' and Z* together form a moiety derived from sugar,
wherein the atom attached to boron in each case is an
oxygen atom, and wherein the sugar is mannitol.

12. The compound of claim 11, wherein A is 0.

13. The compound of claim 11, wherein P is R7—C(0)—,

R”—S(0),—, R’—NH—C(0)—, or R"—O0—C(0)—;
where R” is alkyl, aryl, alkaryl, or aralkyl, any of which
can be optionally substituted, or when P is R’—C(0)—
or R7—S(0),—, R can also be an optionally substi-
tuted 5- to 10-membered saturated, partially saturated,
or aromatic heterocycle.

14. The compound of claim 13, wherein P is R7—C(0)—

or R7—S(0),—, and R” is an aromatic heterocycle.

15. The compound of claim 14, wherein P is (2-pyrazine)

carbonyl or (2-pyrazine)sulfonyl.

16. The compound of claim 13, wherein

20
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A is zero;
R is hydrogen or C,—Cg alkyl; and
R? is C,—C, alkyl.
17. The compound of claim 16, wherein P is (2-pyrazine)
sulfonyl.
18. The compound of claim 11, wherein
R%, R?, and R? are each independently hydrogen, C;—Cg
alkyl, Cs~C,, cycloalkyl, C—C,, aryl, or —CH,—R?>;
R in each instance is Cq—Cyq aryl, (Ce—C,0)ar(C,—Cy)
alkyl, (C;—Cgalk(C4—C,g)aryl, C;—C,, cycloalkyl,
C,—Cg alkoxy, or C,—Cg alkylthio;
wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl groups of RY,
RZ, R3, or R’ can be optionally substituted.
19. The compound of claim 14, wherein said compound
is:
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D-Mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronate;

D-Mannitol N-(2-quinoline)sulfonyl-L-
homophenylalanine-L-leucine boronate;

45

D-Mannitol N-(3-pyridine)carbonyl-L-phenylalanine-L-
50 leucine boronate;
D-Mannitol N-(4-morpholine)carbonyl-L-phenylalanine-
L-leucine boronate;
D-Mannitol N-(4-morpholine)carbonyl-p-(1-naphthyl)-
L-alanine-L-leucine boronate;
D-Mannitol N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-
alanine-L-leucine boronate;
D-Mannitol N-(4-morpholine)carbonyl-(O-benzyl)-L-
tyrosine-L-leucine boronate;
D-Mannitol N-(4-morpholine)carbonyl-L-tyrosine-L-
leucine boronate; or
D-Mannitol N-(4-morpholine)carbonyl-[O-(2-
pyridylmethyl)]-L-tyrosine-L-leucine boronate.
20. The lyophilized compound D-mannitol N-(2-
65 pyrazine)carbonyl-L-phenylalanine-L-leucine boronate.
21. The compound of claim 11, wherein the compound is
stable at 0° C. for at least one month.

55
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22. The compound of claim 11, wherein the compound is
stable at 40° C. for at least one month.
23. A method of preparing a lyophilized compound of the
formula (1):
5
M
Zl

H |
N N B

\( \Z2

Rr3

Rr2

~
TZ

1
R . ©

wherein

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, 0or 2;

R, R?, and R® are each independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R3;

R in each instance is aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, heteroaryl, or —W—R®, where W is a
chalcogen and R® is alkyl;

wherein the ring portion of any said aryl, aralkyl, alkyaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R?, or
R can be optionally substituted; and

Z* and Z* together form a moiety derived from a sugar;
the method comprising:

(a) preparing a mixture comprising
(i) water,
(i) a compound of formula (3),

25

30

©)
R2 7

g
” N g
H
0 R3

A

wherein P, R, A, R, R?, and R® are as described 40

above; and Z' and Z* are OH; and
(iii) mannitol; and
(b) lyophilizing the mixture.
24. The method of claim 23, wherein P is R7—C(0)—,
R’—S(0),—, R"—NH—C(0)—, or R"—0—C(0)—;
where R” is alkyl, aryl, alkaryl, or aralkyl, any of which
can be optionally substituted, or when P is R"—C(0)—
or R7—S5(0),—, R’ can also be an optionally substi-
tuted 5- to 10-membered saturated, partially saturated,
or aromatic heterocycle.
25. The method of claim 24, wherein P is R”—C(O)— or
R7”—S(0),—, and R” is an aromatic heterocycle.
26. The method of claim 25, wherein P is (2-pyrazine)
carbonyl or (2-pyrazine)sulfonyl.
27. The method of claim 23, wherein
A is zero;
R is hydrogen or C,—C, alkyl; and
R? is C,—C, alkyl.
28. The method of claim 27, wherein P is (2-pyrazine)
sulfonyl.
29. The method of claim 23, wherein
R*, R?, and R? are each independently hydrogen, C,—Cg
alkyl, C5—C,, cycloalkyl, C—C,, aryl, or —CH,—R?;
R in each instance is C4—C,, aryl, (C4C,o)ar(C,—C,) 65
alkyl, (C;—Cyalk(C4—C,)aryl, C;—C,, cycloalkyl,
C,—Cy alkoxy, or C,—Cg alkylthio;

55
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wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl groups of R?,
R?, R?, or R can be optionally substituted.

30. The method of claim 23, wherein the compound of
formula (3) is:

N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine

boronic acid;

N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(4-morpholine)carbonyl-f-(1-naphthyl)-L-alanine-L-

leucine boronic acid;

N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-alanine-L-

leucine boronic acid;

N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-

leucine boronic acid;

N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic

acid; or

N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-

tyrosine-L-leucine boronic acid.

31. The method of claim 23, wherein the compound of
formula (1) is D-mannitol N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronate.

32. The method of claim 30, wherein the compound of
formula (3) is N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid.

33. The method of claim 23, wherein the mixture further
comprises a water-miscible solvent.

34. The method of claim 33, wherein the water-miscible
solvent is an alcohol.

35. The method of claim 34, wherein the alcohol is
tert-butanol.

36. The method of claim 23, wherein mannitol and the
compound of formula (3) are present in at least a 1:1 ratio.

37. The method of claim 23, wherein the mannitol and the
compound of formula (3) are present in at least a 5:1 ratio.

38. Alyophilized cake comprising the compound of claim
11.

39. A composition comprising the compound of claim 1
and a pharmaceutically-acceptable carrier.

40. A composition comprising the compound of claim 3
and a pharmaceutically-acceptable carrier.

41. A composition comprising the compound of claim 7
and a pharmaceutically-acceptable carrier.

42. A composition comprising the compound of claim 10

0 and a pharmaceutically-acceptable carrier.

43. A composition comprising the compound of claim 11
and a pharmaceutically-acceptable carrier.

44. A composition comprising the compound of claim 13
and a pharmaceutically-acceptable carrier.

45. A composition comprising the compound of claim 17
and a pharmaceutically-acceptable carrier.

46. A composition comprising the compound of claim 20
and a pharmaceutically-acceptable carrier.

47. Alyophilized cake comprising the compound of claim
13.

48. Alyophilized cake comprising the compound of claim
17.

49. Alyophilized cake comprising the compound of claim
20.

50. The method of claim 23 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.
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51. The method of claim 24 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

52. The method of claim 28 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

53. The method of claim 31 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

54. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 23
and (ii) a pharmaceutically-acceptable carrier.

55. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 24
and (ii) a pharmaceutically-acceptable carrier.

56. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 28
and (ii) a pharmaceutically-acceptable carrier.

57. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 31
and (ii) a pharmaceutically-acceptable carrier.

58. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
23.

59. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim

60. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim

61. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim

62. The compound of claim 6 wherein P is (2-pyrazine)
carbonyl.

63. A composition comprising the compound of claim 62
and a pharmaceutically-acceptable carrier.

64. The compound of claim 16, wherein P is (2-pyrazine)
carbonyl.

65. A composition comprising the compound of claim 64
and a pharmaceutically-acceptable carrier.

66. Alyophilized cake comprising the compound of claim
64.

67. The method of claim 27, wherein P is (2-pyrazine)
carbonyl.

68. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 67
and (ii) a pharmaceutically-acceptable carrier.

69. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim

70. The compound of claim 1, wherein P and R together
form a cyclic moiety.

71. The compound of claim 70, wherein Z' and Z?
together form a moiety derived from D-mannitol.

72. The compound of claim 71, wherein

A is zero;

R is hydrogen or C,—C; alkyl;
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R? is C,—C, alkyl; and

P is (2-pyrazine)carbonyl.

73. A composition comprising the compound of claim 70
and a pharmaceutically-acceptable carrier.

74. A composition comprising the compound of claim 71
and a pharmaceutically-acceptable carrier.

75. A composition comprising the compound of claim 72
and a pharmaceutically-acceptable carrier.

76. The compound of claim 11, wherein P and R together
form a cyclic moiety.

77. The compound of claim 76, wherein Z' and Z*
together form a moiety derived from D-mannitol.

78. The compound of claim 77, wherein

A is zero;

R is hydrogen or C,—C4 alkyl;

R? is C,—C, alkyl; and

P is (2-pyrazine)carbonyl.

79. A composition comprising the compound of claim 76
and a pharmaceutically-acceptable carrier.

80. A composition comprising the compound of claim 77
and a pharmaceutically-acceptable carrier.

81. A composition comprising the compound of claim 78
and a pharmaceutically-acceptable carrier.

82. Alyophilized cake comprising the compound of claim
76.

83. Alyophilized cake comprising the compound of claim
77.

84. Alyophilized cake comprising the compound of claim
78.

85. The method of claim 23, wherein P and R together
form a cyclic moiety.

86. The method of claim 85, wherein

A is zero;

R is hydrogen or C,—C4 alkyl;

R? is C,—C, alkyl; and

P is (2-pyrazine)carbonyl.

87. The method of claim 88 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

88. The method of claim 86 further comprising (c) recon-
stituting the lyophilized mixure with a pharmaceutically-
acceptable carrier.

89. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 85
and (ii) a pharmaceutically-acceptable carrier.

90. A composition comprising (i) the compound of for-
mula (1)prepared in accordance with the method of claim 86
and (ii) a pharmaceutically-acceptable carrier.

91. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim

92. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
86.
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in which Z' and Z* are moieties derived from sugar. The
invention also provides methods for preparing such com-
pounds. Lyophilizing a mixture comprising a boronic acid
compound and a moiety derived from sugar produces a
stable composition that readily releases the boronic acid
compound upon reconstitution in aqueous media.

®

105 Claims, No Drawings



Case 1:19-cv-00471-CFC Document 33 Filed 12/12/19 Page 33 of 45 PagelD #: 329

US 6,958,319 B2

1

FORMULATION OF BORONIC ACID
COMPOUNDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a continuation of U.S. patent
application Ser. No. 10/056,567, filed Jan. 25, 2002, now
U.S. Pat. No. 6,713,446, and a continuation of U.S. patent
application Ser. No. 10/056,563, filed Jan. 25, 2002, now
U.S. Pat. No. 6,699,835, both of which claim the benefit of
U.S. Provisional Patent Application No. 60/264,160, filed
Jan. 25, 2001.

FIELD OF THE INVENTION

This invention relates to the formulation of pharmaceu-
tical compounds. More particularly, the invention relates to
stable, pharmaceutically acceptable compositions prepared
from boronic acid compounds. The invention also relates to
methods for preparing such compositions.

BACKGROUND OF THE INVENTION

Boronic acid and ester compounds display a variety of
pharmaceutically useful biological activities. Shenvi et al.,
U.S. Pat. No. 4,499,082 (1985), discloses that peptide
boronic acids are inhibitors of certain proteolytic enzymes.
Kettner and Shenvi, U.S. Pat. No. 5,187,157 (1993); U.S.
Pat. No. 5,242,904 (1993); and U.S. Pat. No. 5,250,720
(1993), describe a class of peptide boronic acids that inhibit
trypsin-like proteases. Kleeman et al., U.S. Pat. No. 5,169,
841 (1992), discloses N-terminally modified peptide boronic
acids that inhibit the action of renin. Kinder et al., U.S. Pat.
No. 5,106,948 (1992), discloses that certain tripeptide
boronic acid compounds inhibit the growth of cancer cells.

Adams et al., U.S. Pat. No. 5,780,454 (1998), U.S. Pat.
No. 6,066,730 (2000), U.S. Pat. No. 6,083,903 (2000), and
U.S. Pat. No. 6,297,217 (2001), hereby incorporated by
reference in their entirety, describe peptide boronic ester and
acid compounds useful as proteasome inhibitors. The refer-
ences also describe the use of boronic ester and acid com-
pounds to reduce the rate of muscle protein degradation, to
reduce the activity of NF-kB in a cell, to reduce the rate of
degradation of p53 protein in a cell, to inhibit cyclin
degradation in a cell, to inhibit the growth of a cancer cell,
to inhibit antigen presentation in a cell, to inhibit NF-kB
dependent cell adhesion, and to inhibit HIV replication.
Brand et al., WO 98/35691, teaches that proteasome
inhibitors, including boronic acid compounds, are useful for
treating infarcts such as those that occur during stroke or
myocardial infarction. Elliott et al., WO 99/15183, teaches
that proteasome inhibitors are useful for treating inflamma-
tory and autoimmune diseases.

Unfortunately, alkylboronic acids are relatively difficult to
obtain in analytically pure form. Snyder et al., J. Am. Chem.
Soc., 3611 (1958), teaches that alkylboronic acid compounds
readily form boroxines (anhydrides) under dehydrating con-
ditions. Also, alkylboronic acids and their boroxines are
often air-sensitive. Korcek et al., J. Chem. Soc., Perkin
Trans. 2 242 (1972), teaches that butylboronic acid is readily
oxidized by air to generate 1-butanol and boric acid. These
difficulties limit the pharmaceutical utility of boronic acid
compounds, complicating the characterization of pharma-
ceutical agents comprising boronic acid compounds and
limiting their shelf life.

There is thus a need in the art for improved formulations
of boronic acid compounds. Ideally, such formulations
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would be conveniently prepared, would exhibit enhanced
stability and longer shelf life as compared to the free boronic
acid compound, and would readily liberate the bioactive
boronic acid compound when administered to a subject in
need of boronic acid therapy.

SUMMARY OF THE INVENTION

The present invention provides stable, pharmaceutically
acceptable compositions prepared from boronic acid com-
pounds. The invention also provides methods for preparing
such compositions. The invention provides the discovery
that lyophilization of an aqueous mixture comprising a
boronic acid compound and a compound having at least two
hydroxyl groups produces a stable composition that readily
releases the boronic acid compound upon dissolution in
aqueous media.

In a first aspect, the invention provides compounds having
formula (1):

®

R? z!

g 1
r N g2
H
o) R?

1
R A

wherein:

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R', R? and R® are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R3;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS, where W
is a chalcogen and R°® is alkyl,

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or R®
can be optionally substituted; and

Z' and Z? together form a moiety derived from a sugar,
wherein the atom attached to boron in each case is an oxygen
atom.

In a second aspect, the invention provides a composition
comprising a compound of formula (2):

R o R? 73
4 gl
r N g
H
1 3
R . O R

wherein:

P is hydrogen or an amino-group-protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R?, R? and R are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R3;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS, where W
is a chalcogen and R°® is alkyl,

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or R®
can be optionally substituted; and

@
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Z? and Z* together form a moiety derived from a com-
pound having at least two hydroxyl groups separated by at
least two connecting atoms in a chain or ring, said chain or
ring comprising carbon atoms and, optionally, a heteroatom
or heteroatoms which can be N, S, or O;

in a lyophilized powder.

In a third aspect, the invention provides a method for
formulating a boronic acid compound, the method compris-
ing:

(a) preparing a mixture comprising

(i) water,

(ii) a boronic acid compound; and

(iii) a compound having at least two hydroxyl groups
separated by at least two connecting atoms in a chain or ring,
the chain or ring comprising carbon atoms, and optionally,
a heteroatom or heteroatoms which can be N, S, or O; and

(b) lyophilizing the mixture.
In a fourth aspect, the invention provides compositions
prepared by the methods of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention provides stable, pharmaceutically accept-
able compositions prepared from boronic acid compounds
and methods for preparing the compositions. The invention
also provides novel boronate ester compounds.

For purposes of the present invention, the following
definitions will be used:

As used herein, the terms “formulate” and “formulation”
refer to the preparation of a boronic acid compound in a
form suitable for administration to a mammalian subject,
preferably a human. Often, formulation of the boronic acid
compound comprises addition of pharmaceutically accept-
able excipients, diluents, or carriers. In some embodiments,
formulation of the boronic acid compound comprises for-
mation of a chemical derivative of the boronic acid
compound, preferably formation of a boronate ester. The
term “formulation” refers to any form commonly used for
pharmaceutical administration, including solids, liquids,
suspensions, creams, and gels. For purposes of the present
invention, the formulation is preferably a lyophilized pow-
der.

As used herein, the term “lyophilized powder” refers to
any solid material obtained by lyophilization of an aqueous
mixture.

By “stable formulation” is meant any formulation having
sufficient stability to have utility as a pharmaceutical agent.
Preferably, the formulation has sufficient stability to allow
storage at a convenient temperature, preferably between 0°
C. and 40° C., for a reasonable period of time, preferably
longer than one month, more preferably longer than three
months, even more preferably longer than six months, and
most preferably longer than one year.

As employed herein, the term “boronic acid” refers to any
chemical compound comprising a —B(OH), moiety. Snyder
et al., J. Am. Chem. Soc. 3611 (1958), teaches that alkyl
boronic acid compounds readily form oligomeric anhydrides
by dehydration of the boronic acid moiety. Thus, unless
otherwise apparent from context, the term “boronic acid” is
expressly intended to encompass free boronic acids, oligo-
meric anhydrides, including, but not limited to, dimers,
trimers, and tetramers, and mixtures thereof.

As employed herein, the term “compound having at least
two hydroxyl groups™ refers to any compound having two or
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more hydroxyl groups. For purposes of the present
invention, the two hydroxyl groups are preferably separated
by at least two connecting atoms, preferably from about 2 to
about 5 connecting atoms, more preferably 2 or 3 connecting
atoms. The connecting atoms may be in a chain or a ring, the
chain or ring comprising carbon atoms and, optionally, a
heteroatom or heteroatoms, which can be N, S, or O. For
convenience, the term “dihydroxy compound” may be used
to refer to a compound having at least two hydroxyl groups,
as defined above. Thus, as employed herein, the term
“dihydroxy compound” is not intended to be limited to
compounds having only two hydroxyl groups.

As employed herein, the term “amino-group protecting
moiety” refers to any group used to derivatize an amino
group, especially an N-terminal amino group of a peptide or
amino acid. Such groups include, without limitation, alkyl,
acyl, alkoxycarbonyl, aminocarbonyl, and sulfonyl moieties.
However, the term “amino-group protecting moiety” is not
intended to be limited to those particular protecting groups
that are commonly employed in organic synthesis, nor is it
intended to be limited to groups that are readily cleavable.

The term “chalcogen” as employed herein refers to the
elements oxygen or sulfur.

The term “alkyl” as employed herein refers to straight and
branched chain aliphatic groups having from 1 to 12 carbon
atoms, preferably 1-8 carbon atoms, more preferably 1-6
carbon atoms, and still more preferably 1-4 carbon atoms,
which may be optionally substituted with one, two or three
substituents. Unless otherwise explicitly stated, the term
“alkyl” is meant to include saturated, unsaturated, and
partially unsaturated aliphatic groups. When unsaturated
groups are particularly intended, the terms “alkenyl” or
“alkynyl” will be used. When only saturated groups are
intended, the term “saturated ailcyl” will be used. Preferred
saturated alkyl groups include, without limitation, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, and hexyl.

The term “cycloalkyl” as employed herein includes satu-
rated and partially unsaturated cyclic hydrocarbon groups
having 3 to 12 carbons, preferably 3 to 8 carbons, and more
preferably 3 to 6 carbons, wherein the cycloalkyl group
additionally may be optionally substituted. Preferred
cycloalkyl groups include, without limitation, cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cycloheptyl, and cyclooctyl.

An “aryl” group is a C,—C,, aromatic moiety comprising
one to three aromatic rings, which may be optionally sub-
stituted. Preferably, the aryl group is a C,—C,, aryl group.
Preferred aryl groups include, without limitation, phenyl,
naphthyl, anthracenyl, and fluorenyl. An “aralkyl” or “ary-
lalkyl” group comprises an aryl group covalently linked to
an alkyl group, either of which may independently be
optionally substituted or unsubstituted. Preferably, the
aralkyl group is (C,—Cy)alk(Cs—C,o)aryl, including, without
limitation, benzyl, phenethyl, and naphthylmethyl. An
“alkaryl” or “alkylaryl” group is an aryl group having one or
more alkyl substituents. Examples of alkaryl groups include,
without limitation, tolyl, xylyl, mesityl, ethylphenyl, tert-
butylphenyl, and methylnaphthyl.

The terms “heterocycle,” “heterocyclic,” and “heterocy-
clyl” refer to any stable ring structure having from about 3
to about 8 atoms, wherein one or more atoms are selected
from the group consisting of N, O, and S. The nitrogen and
sulfur heteroatoms of the heterocyclic moiety may be
optionally oxidized, and the nitrogen atoms may be option-
ally quaternized. The heterocyclic ring can be attached to its
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pendant group at any heteroatom or carbon atom that results
in a stable formula. The term “stable compound” or “stable
formula” is meant to refer to a compound that is sufficiently
robust to survive isolation to a useful degree of purity from
a reaction mixture and formulation into an efficacious thera-
peutic agent.

The heterocyclic group may be optionally substituted on
carbon at one or more positions with any of the substituents
recited above. The heterocyclic group may also indepen-
dently be substituted on nitrogen with alkyl, aryl, aralkyl,
alkylcarbonyl, alkylsulfonyl, arylcarbonyl, arylsulfonyl,
alkoxycarbonyl, aralkoxycarbonyl, oxo, or hydroxy, or on
sulfur with oxo or lower alkyl. Preferred heterocyclic groups
include, without limitation, epoxy, aziridinyl,
tetrahydrofuranyl, pyrrolidinyl, piperidinyl, piperazinyl,
thiazolidinyl, oxazolidinyl, oxazolidinonyl, and morpholi-
nyl. The heterocyclic group may also be fused to an aryl,
heteroaryl, or heterocyclic group. Examples of such fused
heterocyles include, without limitation, tetrahydroquinoline
and dihydrobenzofuran.

As used herein, the terms “heteroaryl” and “aromatic
heterocyle” refer to groups having 5- to 14-membered rings,
preferably 5-, 6-, 9-, or 10-membered rings; having 6, 10, or
14 = electrons shared in a cyclic array; and having, in
addition to carbon atoms, from one to about four, preferably
from one to about three, heteroatoms selected from the
group consisting of N, O, and S. The heteroaryl group may
be optionally substituted on carbon at one or more positions
with any of the substituents recited above. Preferred het-
eroaryl groups include, without limitation, thienyl,
benzothienyl, furanyl, benzofuranyl, dibenzofuranyl,
pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl,
pyrimidinyl, indolyl, quinolyl, isoquinolyl, quinoxalinyl,
tetrazolyl, oxazolyl, thiazolyl, and isoxazolyl.

As employed herein, a “substituted” alkyl, cycloalkyl,
aryl, heterocyclyl, or heteroaryl group is one having from
one and to about four, preferably from one to about three,
more preferably one or two, non-hydrogen substituents.
Suitable substituents include, without limitation, halo,
hydroxy, oxo, nitro, haloalkyl, alkyl, alkaryl, aryl, aralkyl,
alkoxy, aryloxy, amino, acylamino, alkylcarbamoyl,
arylcarbamoyl, aminoalkyl, alkoxycarbonyl, carboxy,
hydroxyalkyl, alkylsulfonyl, arenesulfonyl,
alkylsulfonamido, arenesulfonamido, aralkylsulfonamido,
alkylcarbonyl, acyloxy, cyano, and ureido groups. Prefer-
ably the substituents are independently selected from the
group consisting of C;—C; alkyl, C;—Cy cycloalkyl, (C;—Cy)
alkyl(C,—Cg)eycloalkyl, C,—Cg alkenyl, C,—Cg alkynyl,
cyano, amino, C,—C4 alkylamino, di(C,—Cy)alkylamino,
benzylamino, dibenzylamino, nitro, carboxy, carbo(C,;—Cy)
alkoxy, trifluoromethyl, halogen, C,—C, alkoxy, CC,,
aryl, (Cs—Cyo)aryl(C;—Cyg)alkyl, (Cs—Cyo)aryl(C;—Cy)
alkoxy, hydroxy, C,-C, alkylthio, C,—C, alkylsulfinyl,
C,—C; alkylsulfonyl, C,—C,, arylthio, C—C,, arylsulfinyl,
Ce—C,o arylsulfonyl, C,—C,q aryl, (C;—Cgalkyl(Cs—C,p)
aryl, and halo(C4s—C,g)aryl.

The term “halogen” or “halo” as employed herein refers
to chlorine, bromine, fluorine, or iodine.

The term oxo refers to an oxygen atom, which forms a
carbonyl when attached to carbon, an N-oxide when
attached to nitrogen, and a sulfoxide or sulfone when
attached to sulfur.

As herein employed, the term “acyl” refers to an alkyl-
carbonyl or arylcarbonyl substituent.

The term “acylamino” refers to an amide group attached
at the nitrogen atom. The term “carbamoyl” refers to an
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amide group attached at the carbonyl carbon atom. The
nitrogen atom of an acylamino or carbamoyl substituent may
be additionally substituted. The term “sulfonamido” refers
to a sulfonamide substituent attached by either the sulfur or
the nitrogen atom. The term “amino” is meant to include
NH,, alkylamino, arylamino, and cyclic amino groups.

The term “ureido” as employed herein refers to a substi-
tuted or unsubstituted urea moiety.

In a first aspect, the invention provides compounds having
formula (1):

®

wherein

P is hydrogen or an amino-group protecting moiety;
R is hydrogen or alkyl;

Ais 0,1, or 2;

R', R? and R® are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R3;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS, where W
is a chalcogen and R° is alkyl;

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or R®
can be optionally substituted; and

Z' and Z* together form a moiety derived from a sugar,
wherein the atom attached to boron in each case is an oxygen
atom.

As used herein, the term “moiety derived from a sugar”
refers to a moiety formed by removing the hydrogen atoms
from two hydroxyl groups of any sugar moiety. The moiety
derived from a sugar may be attached to boron by any two
of the hydroxyl groups of the sugar. For example, in various
embodiments, the boronate ester forms a 5-, 6-, 7-, 8-, or
9-membered ring. In some preferred embodiments, the bor-
onate ester forms a 5- or 6-membered ring.

The sugar is preferably a monosaccharide or disaccharide.
Non-limiting examples of suitable sugars include, glucose,
sucrose, fructose, trehalose, xylitol, mannitol, and sorbitol.
In certain preferred embodiments, the sugar is a reduced
sugar, more preferably mannitol or sorbitol. Thus, in the
embodiment wherein the sugar is mannitol or sorbitol, Z*
and Z? of the compound of formula (1) together form a
moiety of formula C;H,,04, wherein the oxygen atoms of
the two deprotonated hydroxyl groups form covalent attach-
ments with boron to form a boronate ester compound.

Preferably, the mannitol or sorbitol boronate ester com-
pound has one of the following structures:

OH
R? o}
| OH

~
TZ

R o OH
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However, structures with larger boronate ester ring sizes
are also possible.

In certain preferred embodiments, the mannitol or sorbitol
boronate ester forms a symmetrical 5-membered ring having
the following structure:

OH

OH

OH

OH

N\
Tz
4<m
/
Q.

Preferably, the mannitol or sorbitol is of the
D-configuration, although the L-configuration may also be
used. In certain particularly preferred embodiments, Z* and
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However, structures with larger boronate ester ring sizes
are also possible.

In certain particularly preferred embodiments, the bor-
onate ester compound has the following structure:

\\m\
B\
e lLH‘\ :|/KH/ Y

The P moiety of the compound of formula (1) is prefer-
ably hydrogen or one of R™—C(0)—, R’—S(0),—,
R’—NH—C(0)—, or R"—0—C(0)—, where R” is one of
alkyl, aryl, alkaryl, or aralkyl, any of which can be option-
ally substituted, or when P is R7—C(0)— or R"—S(0),—,
R7 can also be an optionally substituted 5- to 10-membered

OH

OH

el

,
1,
@]

Z

OH

77 together form a moiety derived from D-mannitol. In these 65 saturated, partially unsaturated, or aromatic heterocycle.

embodiments, the boronate ester compound preferably has
one of the following structures:

In certain preferred embodiments, P is one of R’—C
(0)— or R7—S(0),—, and R” is an optionally substituted
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5- to 10-membered saturated, partially unsaturated, or aro-
matic heterocycle. Preferably, R” is an aromatic heterocycle,
more preferably pyrazinyl, pyridyl, quinolyl, or
quinoxalinyl, or a saturated heterocycle, preferably mor-
pholinyl. In some preferred embodiments, P is (2-pyrazine)
carbonyl or (2-pyrazine)sulfonyl.

In some preferred embodiments, R is hydrogen. In some
other preferred embodiments, R is alkyl, preferably C,—C,,
alkyl, more preferably C,—C,, alkyl, and most preferably
methyl or ethyl.

The variable Ain formula (1) can be 0, 1, or 2. Thus, when
A is zero, the residue within the brackets is not present and
the boronate ester compound is a dipeptide. Similarly, where
A is 1, the residue within the brackets is present and the
compound is a tripeptide. Where A is 2, the compound is a
tetrapeptide. In certain particularly preferred embodiments,
Ais zero. For purposes of the invention, the terms “peptide,”
‘dipeptide,” and “tripeptide” are intended to encompass
compounds comprising natural amino acid residues, unnatu-
ral amino acid residues, or a combination of natural and
unnatural amino acid residues. It will be apparent from
formulae (1)—~(3), that the terms “peptide,” “dipeptide,” and
“tripeptide” are used herein to refer to compounds in which
the carboxylic acid functionality of the C-terminal amino
acid residue is replaced by a boronic acid or boronate ester
functionality.

It is preferred that the substituents R*, R? and R® in
formula (1) are each independently one of hydrogen, C,—C,,
alkyl, C,—C,, cycloalkyl, or C,—C,, aryl, or —CH,—R>,
wherein each of R, R%, R®, and R® may be optionally
substituted. More preferably, R*, R?, and R* are each inde-
pendently one of C,—C,, alkyl or —CH,—R?®, and R” is one
of cycloalkyl, aryl, heterocyclyl, heteroaryl, or —W—R®
where W is chalcogen and R is alkyl. Preferably, R® is one
of C—C,, aryl, (C,—C,y)ar(C,—Cy)alkyl, (C,—Cy)alk
(Ce—Cplaryl, Ci—C,4 cycloalkyl, C,—Cy alkoxy, or C;—C,
alkylthio or a 5- to 10-membered heteroaryl ring.

In certain particularly preferred embodiments, the com-
pound of formula (1) is one of:

D-Mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronate (also known as D-Mannitol [(1R)-3-
methyl-1-[[(2S)-1-0x0-3-phenyl-2-[(pyrazinylcarbonyl)
amino JpropylJaminoJbutyl]boronate);

D-Mannitol N-(2-quinoline)sulfonyl-L-
homophenylalanine-L-leucine boronate;

D-Mannitol N-(3-pyridine)carbonyl-L-phenylalanine-L-
leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-phenylalanine-
L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-f-(1-naphthyl)-
L-alanine-L-leucine boronate;

D-Mannitol N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-
alanine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-(O-benzyl)-L-
tyrosine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-tyrosine-L-
leucine boronate; or

D-Mannitol-N-(4-morpholine)carbonyl-[O-(2-
pyridylmethyl)]-L-tyrosine-L-leucine boronate.

In a second aspect, the invention provides a composition
comprising a compound of formula (2):
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R? 73

g 1
r N Np
H
o) R?
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Z

A

wherein:

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R?, R? and R are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R3;

R®, in each instance, is one of aryl, aralkyl, alkaryl,

cycloalkyl, heterocyclyl, heteroaryl, or —W—RS, where W
is a chalcogen and R° is alkyl;

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or R®
can be optionally substituted; and

Z? and Z* together form a moiety derived from a com-
pound having at least two hydroxyl groups separated by at
least two connecting atoms in a chain or ring, said chain or
ring comprising carbon atoms and, optionally, a heteroatom
or heteroatoms which can be N, S, or O; in a lyophilized
powder.

Preferred values for the variables P, R, A, R*, R%, R, R>,
and R® according to this aspect of the invention are as
described above for the first aspect.

The term “moiety derived from a compound having at
least two hydroxyl groups” according to this aspect of the
invention is used analogously to the term “moiety derived
from a sugar” described above, and thus refers to a moiety
formed by removing the hydrogen atoms from two hydroxyl
groups of a compound having at least two hydroxyl groups.
The moiety derived from a compound having at least two
hydroxyl groups may be attached to boron by the oxygen
atoms of any two of its hydroxyl groups. Preferably, the
boron atom, the oxygen atoms attached to boron, and the
atoms connecting the two oxygen atoms together form a 5-
or 6-membered ring. Examples of suitable compounds hav-
ing at least two hydroxyl groups (“dihydroxy compounds™)
include, without limitation, pinanediol, pinacol,
perfluoropinacol, ethylene glycol, diethylene glycol,
catechol, 1,2-cyclohexanediol, 1,3-propanediol, 2,3-
butanediol, 1,2-butanediol, 1,4-butanediol, glycerol, and
diethanolamine.

For purposes of the present invention, the dihydroxy
compound is preferably pharmaceutically acceptable and is
preferably miscible or soluble in water or an alcoholic
solvent. In some preferred embodiments, the dihydroxy
compound is a sugar, as described above, preferably a
monosaccharide or disaccharide, more preferably a reduced
sugar, and most preferably sorbitol or mannitol. In certain
particularly preferred embodiments, the dihydroxy com-
pound is mannitol, most preferably D-mannitol.

The composition according to this aspect of the invention
is in the form of a lyophilized powder. In some preferred
embodiments, the composition also comprises the free dihy-
droxy compound. Preferably, the dihydroxy compound and
the compound of formula (1) are present in the mixture in a
molar ratio ranging from about 0.5:1 to about 100:1, more
preferably from about 5:1 to about 100:1. In some
embodiments, the dihydroxy compound and the compound



Case 1:19-cv-00471-CFC Document 33 Filed 12/12/19 Page 38 of 45 PagelD #: 334

US 6,958,319 B2

11

of formula (1) are present in a ratio ranging from about 10:1
to about 100:1.

In some preferred embodiments, the composition further
comprises one or more other pharmaceutically acceptable
excipients, carriers, diluents, fillers, salts, buffers,
stabilizers, solubilizers, and other materials well known in
the art. The preparation of pharmaceutically acceptable
formulations containing these materials is described in, e.g.,
Remington’s Pharmaceutical Sciences, 18th Edition, ed. A.
Gennaro, Mack Publishing Co., Easton, Pa., 1990.

The compounds and compositions according to the first
and second aspects of the invention may be prepared by the
methods described herein, or by any method suitable to
produce the compound or composition. For example, the
boronate esters of formula (1) can be prepared from the
corresponding boronic acids by lyophilization in the pres-
ence of mannitol or sorbitol, as described herein, or,
alternatively, can be prepared from another boronate ester by
transesterification. Alternatively, the boronate esters of for-
mula (1) can be prepared by incorporation of the sugar
moiety at an earlier stage in the synthesis.

In a third aspect, the invention provides a method for
formulating a boronic acid compound, the method compris-
ing:

(a) preparing a mixture comprising

(i) water,

(ii) a boronic acid compound; and

(iii) a compound having at least two hydroxyl groups
separated by at least two connecting atoms in a chain or ring,
the chain or ring comprising carbon atoms, and optionally,
a heteroatom or heteroatoms which can be N, S, or O; and

(b) lyophilizing the mixture.

In certain preferred embodiments, the mixture comprises
one or more co-solvents in addition to water. Preferably, the
co-solvent is miscible with water. More preferably, the
co-solvent is an alcohol, including, without limitation, etha-
nol and tert-butanol. The composition of the solvent mixture
may range from about 5% to about 95% v/v alcohol. In some
embodiments, the aqueous solvent mixture comprises from
about 30% to about 50% alcohol, preferably from about 35%
to about 45% alcohol. In certain preferred embodiments, the
aqueous solvent mixture comprises about 40% tert-butanol.

In some other embodiments, the aqueous solvent mixture
comprises from about 1% to about 15% alcohol, preferably
from about 5% to about 10% alcohol. In certain preferred
embodiments, the aqueous solvent mixture comprises from
about 5% to about 10% ethanol.

Preferably, the compound having at least two hydroxyl
groups and the boronic acid compound are present in the
mixture in a w/w ratio ranging from about 1:1 to about
100:1. In various embodiments, the w/w ratio of dihydroxy
compound to boronic acid compound is about 10:1, 20:1,
30:1, 40:1, 50:1, 60:1, 70:1, 80:1, 90:1, or 100:1. Other
ratios are also possible.

The aqueous mixture can be prepared by any order of
addition. For example, in some embodiments, the dihydroxy
compound is added to an aqueous mixture comprising a
boronic acid compound. In some other embodiments, the
boronic acid compound is added to an aqueous mixture
comprising a dihydroxy compound. In still yet other
embodiments, the boronic acid compound and dihydroxy
compound can be added at the same time, or nearly at the
same time. In some embodiments, it may be advantageous
initially to add the boronic acid compound and/or the
dihydroxy compound to a solvent mixture containing a
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higher percentage of co-solvent than is desired for the
lyophilization step, and then dilute with water.

In some preferred embodiments, the mixture further com-
prises one or more pharmaceutically acceptable excipients,
carriers, diluents, fillers, salts, buffers, stabilizers,
solubilizers, and other materials well known in the art. The
preparation of pharmaceutically acceptable formulations
containing these materials is described in, e.g., Remington’s
Pharmaceutical Sciences, 18th Edition, ed. A. Gennaro,
Mack Publishing Co., Easton, Pa., 1990.

Preferred compounds having at least two hydroxyl groups
(“dihydroxy compounds™”) according to this aspect of the
invention are as described above for the second aspect.

In certain preferred embodiments, the boronic acid com-
pound according to this aspect of the invention has formula

©)

©)

R? 73

g1
1 N s
H
0 R3

1
R A

wherein:

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, or 2;

R?, R? and R are independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R3;

R®, in each instance, is one of aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, heteroaryl, or —W—RS, where W
is a chalcogen and R° is alkyl;

where the ring portion of any of said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R?, R® or R®
can be optionally substituted; and

77 and Z° are each OH.

Preferred values for the variables P, R, A, R, R%, R3, R5,
and R® according to this aspect of the invention are as
described above for the first aspect.

In certain particularly preferred embodiments, the boronic
acid compound is one of:

N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid;

N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine
boronic acid;

N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine
boronic acid;

N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine
boronic acid;

N-(4-morpholine)carbonyl-f-(1-naphthyl)-L-alanine-L-
leucine boronic acid;

N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-alanine-L-
leucine boronic acid;

N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-
leucine boronic acid;

N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic
acid; or

N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-
tyrosine-L-leucine boronic acid.

In a fourth aspect, the invention provides compositions
prepared according to the methods according to the third
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aspect of the invention. In some preferred embodiments,
formulation of a boronic acid according to the methods of
the invention results in formation of a chemical derivative of
the boronic acid compound, preferably formation of a bor-
onate ester. In these embodiments, formulation of a boronic
acid compound according to the method of the invention
produces a composition comprising a boronate ester
compound, according to the second aspect of the invention.

In some other embodiments, formulation of a boronic acid
compound according to the method of the invention does not
result in formation of a chemical derivative of the boronic
acid compound. In these embodiments, the composition
according to the third aspect of the invention comprises a
boronic acid compound and a compound having at least two
hydroxyl groups in a lyophilized powder.

The compositions according to the second and fourth
aspects of the invention can be readily reconstituted by
adding an aqueous solvent. Preferably, the reconstitution
solvent is suitable for pharmaceutical administration.
Examples of suitable reconstitution solvents include, with-
out limitation, water, saline, and phosphate buffered saline
(PBS). For clinical use, the compositions according to the
second aspect of the invention are preferably reconstituted
with sterile saline (0.9% w/v).

Upon reconstitution in aqueous medium, an equilibrium is
established between any boronate ester present in the com-
position and the corresponding boronic acid. Typically,
equilibrium is reached quickly, e.g., within 10-15 minutes,
after the addition of water. The relative concentrations of
boronate ester and boronic acid present at equilibrium is
dependent upon the pH of the solution, temperature, and the
ratio of dihydroxy compound to boronic acid compound.

The following examples are intended to further illustrate
certain preferred embodiments of the invention, and are not
intended to limit the scope of the invention.

EXAMPLES
Example 1

Preparation of a Lyophilized Formulation of N-(2-
pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid with D-mannitol

Approximately 40 mg of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid was weighed into a
container, and 16 mL of tert-butanol was added. The con-
tainer was closed and the suspension was warmed to
approximately 45° C. for 5 minutes to complete dissolution
of the compound. Water (24 mL) was added with stirring,
followed by 0.4 g of mannitol, added as an excipient, 1%
w/v. The mixture was stirred to complete dissolution and
then cooled to ambient temperature. The solution was fil-
tered through a 0.45 um nylon membrane. One milliliter
aliquots were placed in 5 mL serum bottles. Split rubber
stoppers were partially inserted into the bottles, and the
bottles were placed in a freeze dryer with a shelf temperature
of —45° C. After approximately 1 hour, the vacuum was
applied. The shelf temperature was allowed to rise gradually
to =35° C. and maintained at =35° C. until the ice was gone
from the samples (approximately 40 hours). The shelf tem-
perature control was then turned off and the shelf tempera-
ture was allowed to gradually rise to 0° C. A secondary
drying cycle was carried out by increasing the shelf tem-
perature in 3 increments to 25° C. over a time period of 1.5
hours. The shelf temperature was maintained at 25° C. for 2
hours. The samples were sealed under nitrogen and removed
from the freeze dryer.
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The residual moisture content of the samples was deter-
mined by Karl Fischer analysis, using three lyophilized
products. The water content was 0.88% by weight.

Fast Atom Bombardment (FAB) mass spectral analysis of
the lyophilized product showed a strong signal at m/z=531,
indicative of formation of a covalent boronate ester adduct
between N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid and D-mannitol. Glycerol was
employed as the matrix, and a signal for the glycerol adduct
with N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid was observed at m/z=441. However, the inten-
sity of the signal at m/z=441 was very low compared to the
signal at m/z=531, possibly indicative of the enhanced
stability of the D-mannitol adduct.

Example 2

Production-scale Preparation of a Lyophilized
Formulation of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid with D-
mannitol

In a clean compounding vessel, a solution of 97% tert-
butanol/3% Water for Injection was prepared by warming
the required amount of tert-butanol to 35° C. and adding
Water for Injection. Approximately 5% of the solution was
reserved for use in rinsing. The solution was cooled to
15-30° C., and N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid was added with stirring. The container
was rinsed with the reserved tert-butanol/water solution, and
the rinses were added to the main vessel. The mixture was
stirred until the boronic acid compound was completely
dissolved. Mannitol was added, with residual mannitol
being rinsed into the reaction vessel with fresh Water for
Injection. Sufficient Water for Injection was added to reduce
the total alcohol content to 40% v/v. The mixture was stirred
until the mannitol was completely dissolved. The mixture
was filtered through a 0.22 micron filter. Aliquots of the
filtered solution were placed into previously sterilized vials.
The vials were sealed with lyophilization stoppers and were
placed on lyophilizer chamber shelves maintained at -45° C.
After two hours, the freeze dryer chamber was evacuated
and the chamber pressure was adjusted to 100-200 microns
with sterile nitrogen. The lyophilizer chamber shelves were
warmed to —30° C. using an appropriate ramp rate, and held
at that temperature for 10-15 hours. After each of the
product thermocouples read —33° C. or warmer, the shelf
temperature was adjusted to —15° C. over 7 hours using an
appropriate ramp rate and maintained at that temperature for
5 hours. After all product thermocouples recorded the shelf
temperature, the shelf was warmed to 0° C. over a period of
at least 7 hours using an appropriate ramp rate. When all
thermocouples recorded 0° C., the shelf was warmed to 27°
C. and maintained at that temperature for 4 hours. At the end
of the terminal drying phase, the chamber pressure was
restored using sterile nitrogen, and the vials were sealed and
removed.

Example 3

Reconstitution of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid

The lyophilized formulation of N-(2-pyrazine)carbonyl-
L-phenylalanine-L-leucine boronic acid with D-mannitol
was prepared as described in Example 1. One sample was
reconstituted with 2 mL of water. Dissolution was complete
within 1-2 minutes of shaking. The entire solution was
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transferred to a volumetric flask, diluted, and analyzed by
HPLC for content of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid. The total drug con-
tent was 1.09 mg. A second sample was reconstituted with
1 mL of propylene glycol: EtOH:H,0, 40:10:50. Dissolution
was complete with 1 minute of shaking. The total drug
content was 1.11 mg.

The lyophilized formulation was also reconstituted with
0.9% w/v saline. The lyophilized material dissolved readily
at concentrations up to 6 mg/mL. By contrast, solid N-(2-
pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid
was not soluble in 0.9% w/v saline at a concentration of 1
mg/mL.

To be certain that free N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid was rapidly liberated
upon reconstitution of the lyophilized formulation in aque-
ous solution, the lyophilized formulation was dissolved in
neat DMSO and assayed for inhibition of the chymotrypsin-
like activity of the 20S proteasome as described in U.S. Pat.
No. 5,780,454. Proteasome inhibition can only be observed
if hydrolysis under the assay conditions is fast. The observed
K, value of 0.3 nM is equivalent to that observed for free
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic
acid, indicating complete and rapid hydrolysis of the
D-mannitol adduct under the assay conditions.

Example 4

HPLC Analysis of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid
System Parameters:

Column: Adsorbosphere-HS-C18, 54, 250 x 4.6 mm
Mobile Phase: 65/35: methanol/water containing 0.1% TFA
Flow Rate: 1.0 mL/min

Detection/Sensitivity:  PDA and UV at 255 nm, 0.1 aufs

Injection volume: 25 uL

Internal Standard
Solution:
Sample Preparation:

0.18 mg/mL diphenylamine in methanol

Accurately weighed 0.5-1.5 mg portions of the
sample or reference standard were dissolved in
2.00 mL of the internal standard solution.

Chromatographic Parameters:

Sample Internal Standard
Retention time 8.4 min 18.9 min
Capacity factor, k' 2.0 5.8
Asymmetry (10%) 1.7 1.3
Rel. Retention, a 0.34
Resolution, R, = AT/ZW, , 15.1

AT and ZW, , are, respectively, the differences in reten-
tion times and the sum of the mid-width of the sample and
internal standard peaks. Minor variation of the mobile phase
is allowed to achieve results similar to those above.

Example 5

Stability of Formulations
Solid N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid was prepared as described in U.S. Pat. No.
5,780,454. The product was obtained as a white amorphous
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powder. The product was stable for more than 2 years when
stored at —=20° C., as determined by HPLC analysis (purity
>97%). When stored at 2-8° C., the product was not stable
for longer than 3—-6 months.

Liquid N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid

A sterile liquid formulation (0.5 mg/mL) of N-(2-
pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid
was prepared in 0.9% w/v saline, 2% v/v ethanol and 0.1%
w/v ascorbic acid. When stored at 2-8° C., the liquid
formulation was not stable for longer than 6 months, as
determined by HPLC analysis.

Lyophilized D-mannitol N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronate

The lyophilized product was prepared according to
Example 1 and stored at 5° C., ambient temperature, 37° C.,
and 50° C. Stability was monitored for approximately 18
months by periodically reconstituting a sample and analyz-
ing the entire contents of the bottle by HPLC. Over this time
period, there was no loss of drug in the lyophilized product
stored at any temperature and no evidence of degradation
product peaks in the HPL.C chromatograms.
Reconstituted Solution of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid

The lyophilized product was prepared according to
Example 1, and samples (2.5 mg/vial) were reconstituted
with 2.5 mL of 0.9% w/v sterile saline. Dissolution was
complete within 10 seconds and afforded a clear, colorless
solution containing 1 mg/mL of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid. The solution showed
no sign of degradation when stored at ambient temperature
(23° C.) for 43 hours. No special care was taken to protect
the solution from light.

All references, including publications, patent
applications, and patents, cited herein are hereby incorpo-
rated by reference to the same extent as if each reference
were individually and specifically indicated to be incorpo-
rated by reference and were set forth in its entirety herein.

The use of the terms “a” and “an” and “the” and similar
references in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. All methods described herein can be per-
formed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate
the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary
skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to
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be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all
possible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

What is claimed is:

1. A compound of the formula (1):

@

R? z!

g 1
P N g2
H
o) R?

A

wherein

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, 0or 2;

R*, R?, and R® are each independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R3;

R®, in each instance, is aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, heteroaryl, or —W—R®, where W is a
chalcogen and R® is alkyl;

wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R%, R®, or R®
can be optionally substituted; and

Z' and Z* together form a moiety derived from a sugar,
wherein the atom attached to boron in each case is an
oxygen atom.

2. The compound of claim 1, wherein the sugar is a

monosaccharide or disaccharide.

3. The compound of claim 1, wherein the sugar is a

reduced sugar.

4. The compound of claim 3, wherein the reduced sugar

is sorbitol.

5. The compound of claim 1, wherein A is 0.

6. The compound of claim 1, wherein P is R7—C(0)—,

R’—S(0),—, R"—NH—C(0)—, or R"—0—C(0)—;
where R” is alkyl, aryl, alkaryl, or aralkyl, any of which
can be optionally substituted, or when P is R"—C(0)—
or R7—S5(0),—, R’ can also be an optionally substi-
tuted 5- to 10-membered saturated, partially saturated,
or aromatic heterocycle.
7. The compound of claim 6, wherein P is R”—C(0)— or
R7”—S(0),—, and R” is an aromatic heterocycle.

8. The compound of claim 7, wherein P is (2-pyrazine)

carbonyl or (2-pyrazine)sulfonyl.

9. The compound of claim 6, wherein

A is zero;

R is hydrogen or C,—C; alkyl; and

R? is C,—C, alkyl.

10. The compound of claim 9, wherein P is (2-pyrazine)

sulfonyl.

11. The compound of claim 1, wherein

R', R?, and R* are each independently hydrogen, C;—Cg
alkyl, C5—C,, cycloalkyl, C—C,, aryl, or —CH,—R?;

R in each instance is C4—C,, aryl, (C4—C,o)ar(C,—Cy)
alkyl, (C;—Cg)alk(C4—C,p)aryl, Cs—C,, cycloalkyl,
C,—C, alkoxy, or C,—C; alkylthio;

wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl groups of R*, R*, R>,
or R’ can be optionally substituted.
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12. The compound of claim 1, wherein said compound is
a sugar ester of:
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid;
N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine
boronic acid;
N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine
boronic acid;
N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine
boronic acid;
N-(4-morpholine)carbonyl-f-(1-naphthyl)-L-alanine-L-
leucine boronic acid;
N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-alanine-L-
leucine boronic acid;
N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-
leucine boronic acid;
N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic
acid; or
N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-
tyrosine-L-leucine boronic acid.
13. The compound of claim 1, wherein said compound is
a sugar ester of N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid.
14. A lyophilized compound of the formula (1):

M
R o] R? z!
4 g
P/ N Y \Z2
H
R! A O R?
wherein
P is hydrogen or an amino-group protecting moiety;
R is hydrogen or alkyl;
Ais 0,1, or 2;
R*, R?, and R? are each independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R?;

R®, in each instance, is aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, heteroaryl, or —W—R®, where W is a
chalcogen and R° is alkyl;

wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, hererocyclyl, or heteroaryl in R*, R, R3, or R®
can be optionally substituted; and

Z' and Z* together form a moiety derived from a sugar,
wherein the atom attached to boron in each case is an
oxygen atom.

15. The compound of claim 14, wherein the sugar is a

monosaccharide or disaccharide.

16. The compound of claim 14, wherein the sugar is a

reduced sugar.

17. The compound of claim 14, wherein A is 0.

18. The compound of claim 16, wherein the reduced sugar

is sorbitol.

19. The compound of claim 14, wherein P is R”7—C(0)—,

R™—S(0),—, R"—NH—C(0)—, or R"—O0—C(0)—;
where R” is alkyl, aryl, alkaryl, or aralkyl, any of which
can be optionally substituted, or when P is R"—C(0)—
or R7—S(0),—, R” can also be an optionally substituted
5- to 10-membered saturated, partially saturated, or
aromatic heterocycle.

20. The compound of claim 19, wherein P is R7—C(0)—

or R’—S(0),—, and R” is an aromatic heterocycle.

21. The compound of claim 20, wherein P is (2-pyrazine)

carbonyl or (2-pyrazine)sulfonyl.
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22. The compound of claim 19, wherein

A is zero;

R is hydrogen or C,—C, alkyl; and

R? is C,—C, alkyl.

23. The compound of claim 22, wherein P is (2-pyrazine)
sulfonyl.

24. The compound of claim 14, wherein

R', R?, and R* are each independently hydrogen, C;—Cg

alkyl, C;—C,, cycloalkyl, C,.—C,, aryl, or —CH,—R3;

R in each instance is C4~C,q aryl, (Cs—C;o)ar(C,—Cy)

alkyl, (C;—Cg)alk(C4—C,p)aryl, Cs—C,, cycloalkyl,
C,—C, alkoxy, or C,—C; alkylthio;
wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl groups of R*, R?, R®,
or R® can be optionally substituted.

25. The compound of claim 20, wherein said compound
is a sugar ester of:

N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine

boronic acid;

N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine

boronic acid;

N-(4-morpholine)carbonyl-f-(1-naphthyl)-L-alanine-L-

leucine boronic acid;

N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-alanine-L-

leucine boronic acid;

N-(4-morpholine)carbonyl-(O-benzyl)-L-trosine-L-

leucine boronic acid;

N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic

acid; or

N-(4-morpholine)carbonyl-[ O-(2-pyridylmethyl)]-L-

tyrosine-L-leucine boronic acid.

26. The lyophilized compound of claim 20, wherein said
compound is a sugar ester of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid.

27. The compound of claim 14, wherein the compound is
stable at 0° C. for at least one month.

28. The compound of claim 14, wherein the compound is
stable at 40° C. for at least one month.

29. A method of preparing a lyophilized compound of the
formula (1):

@
71

g1
p” N Nz
H
0 R3

A

RrR2

wherein

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais 0,1, 0or 2;

R', R?, and R? are each independently hydrogen, alkyl,
cycloalkyl, aryl, or —CH,—R3;

R® in each instance is aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, heteroaryl, or —W—R®, where W is a
chalcogen and RS is alkyl;

wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl in R*, R%, R®, or R®
can be optionally substituted; and

w
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Z' and Z* together form a moiety derived from a sugar;
the method comprising:

(a) preparing a mixture comprising
() water,
(i) a compound of formula (3).

3)
R2

~
TZ

R! o R3

wherein P, R, A, R, R?, and R® are as described above; and
Z' and Z" are OH; and
(iii) a sugar; and
(b) lyophilizing the mixture.
30. The method of claim 29, wherein the sugar is a
monosaccharide or disaccharide.
31. The method of claim 29, wherein the sugar is a
reduced sugar.
32. The method of claim 31, wherein the reduced sugar is
sorbitol.
33. The method of claim 29, wherein P is R7—C(0)—,
R”—S(0),—, R’—NH—C(0)—, or R"—O0—C(0)—;
where R” is alkyl, aryl, alkaryl, or aralkyl, any of which
can be optionally substituted, or when P is R"—C(0)—
or R’—S(0),—, R” can also be an optionally substi-
tuted 5- to 10-membered saturated, partially saturated,
or aromatic heterocycle.
34. The method of claim 33, wherein P is R7—C(0)— or
R’—S(0),—, and R” is an aromatic heterocycle.
35. The method of claim 34, wherein P is (2-pyrazine)
carbonyl or (2-pyrazine)sulfonyl.
36. The method of claim 29, wherein
A is zero;
R is hydrogen or C,—C; alkyl; and
R? is C,—C, alkyl.
37. The method of claim 36, wherein P is (2-pyrazine)
sulfonyl.
38. The method of claim 29, wherein
R*, R?, and R? are each independently hydrogen, C;—Cg
alkyl, C5~C, , cycloalkyl, C.~C,, aryl, or —CH,—R>;
R in each instance is Cq—Cyq aryl, (Ce—C,0)ar(C,—Cy)
alkyl, (C;—Cgalk(C4—C,g)aryl, C;—C,, cycloalkyl,
C,—Cg alkoxy, or C,—Cg alkylthio;
wherein the ring portion of any said aryl, aralkyl, alkaryl,
cycloalkyl, heterocyclyl, or heteroaryl groups of R*, R?, R®,
or R® can be optionally substituted.
39. The method of claim 29, wherein the compound of
formula (3) is:
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid;
N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine
boronic acid;
N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine
boronic acid;
N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine
boronic acid;
N-(4-morpholine)carbonyl-f-(1-naphthyl)-L-alanine-L-
leucine boronic acid;
N-(8-quinoline)sulfonyl-f-(1-naphthyl)-L-alanine-L-
leucine boronic acid;
N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-
leucine boronic acid;
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N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic

acid; or

N-(4-morpholine)carbonyl-[ O-(2-pyridylmethyl)]-L-

tyrosine-L-leucine boronic acid.

40. The method of claim 39, wherein the compound of
formula (3) is N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid.

41. The method of claim 29, wherein the mixture further
comprises a water-miscible solvent.

42. The method of claim 41, wherein the water-miscible
solvent is an alcohol.

43. The method of claim 42, wherein the alcohol is
tert-butanol.

44. The method of claim 29, wherein the sugar and the
compound of formula (3) are present in at least a 1:1 raiio.

45. The method of claim 29, wherein the sugar and the
compound of formula (3) are present in at least a 5:1 ratio.

46. Alyophilized cake comprising the compound of claim
14.

47. A composition comprising the compound of claim 1
and a pharmaceutically-acceptable carrier.

48. A composition comprising the compound of claim 6
and a pharmaceutically-acceptable carrier.

49. A composition compiising the compound of claim 10
and a pharmaceutically-acceptable carrier.

50. A composition comprising the compound of claim 13
and a pharmaceutically-acceptable carrier.

51. A composition comprising the compound of claim 14
and a pharmaceutically-acceptable carrier.

52. A composition comprising the compound of claim 19
and a pharmaceutically-acceptable carrier.

53. A composition comprising the compound of claim 23
and a pharmaceutically-acceptable carrier.

54. A composition comprising the compound of claim 26
and a pharmaceutically-acceptable carrier.

55. Alyophilized cake comprising the compound of claim
19.

56. Alyophilized cake comprising the compound of claim
23.

57. Alyophilized cake comprising the compound of claim
26.

58. The method of claim 37, wherein A is 0.

59. The method of claim 29 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

60. The method of claim 33 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

61. The method of claim 37 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

62. The method of claim 40 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

63. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 29
and (ii) a pharmaceutically-acceptable carrier.

64. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 33
and (ii) a pharmaceutically-acceptable carrier.

65. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 37
and (ii) a pharmaceutically-acceptable carrier.

66. A composition comprising (i) the compound of for-
mula (1) prepared in accordance with the method of claim 40
and (ii) a pharmaceutically-acceptable carrier.

67. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
29.
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68. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
33.

69. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
37.

70. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
40.

71. The compound of claim 9, wherein P is (2-pyrazine)
carbonyl.

72. A composition comprising the compound of claim 71
and a pharmaceutically-acceptable carrier.

73. The compound of claim 22, wherein P is (2-pyrazine)
carbonyl.

74. A composition comprising the compound of claim 73
and a pharmaceutically-acceptable carrier.

75. Alyophilized cake comprising the compound of claim
73.

76. The method of claim 36, wherein P is (2-pyrazine)
carbonyl.

77. A composition comprising the compound of claim 76
and a pharmaceutically-acceptable carrier.

78. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
76.

79. The compound of claim 1, wherein P and R together
form a cyclic moiety.

80. The compound of claim 79, wherein Z' and Z*
together form a moiety derived from a monosaccharide or
disaccharide.

81. The compound of claim 80, wherein

A is zero;

R is hydrogen or C,—C4 alkyl;

R? is C,—Cy alkyl; and

P is (2-pyrazine)carbonyl.

82. A composition comprising the compound of claim 79
and a pharmaceutically-acceptable carrier.

83. A composition comprising the compound of claim 80
and a pharmaceutically-acceptable carrier.

84. A composition comprising the compound of claim 81
and a pharmaceutically-acceptable carrier.

85. The compound of claim 14, wherein P and R together
form a cyclic moiety.

86. The compound of claim 85, wherein Z' and Z*
together form a moiety derived from a monosaccharide or
disaccharide.

87. The compound of claim 86, wherein

A is zero;

R is hydrogen or C,—C4 alkyl;

R? is C,—C, alkyl; and

P is (2-pyrazine)carbonyl.

88. A composition comprising the compound of claim 85
and a pharmaceutically-acceptable carrier.

89. A composition comprising the compound of claim 86
and a pharmaceutically-acceptable carrier.

90. A composition comprising the compound of claim 87
and a pharmaceutically-acceptable carrier.

91. Alyophilized cake comprising the compound of claim
85.

92. Alyophilized cake comprising the compound of claim
86.

93. Alyophilized cake comprising the compound of claim
87.
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94. The method of claim 29, wherein P and R together
form a cyclic moiety.

95. The method of claim 94, wherein Z' and Z* together
form a moiety derived from a monosaccharide or disaccha-
ride.

96. The method of claim 95, wherein

A is zero;

R is hydrogen or C,—C, alkyl;

R? is C,—Cj alkyl; and

P is (2-pyrazine)carbonyl.

97. The method of claim 94 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

98. The method of claim 95 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.

99. The method of claim 96 further comprising (c) recon-
stituting the lyophilized mixture with a pharmaceutically-
acceptable carrier.
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100. A composition comprising (i) the compound of
formula (1) prepared in accordance with the method of claim
94 and (ii) a pharmaceutically-acceptable carrier.

101. A composition comprising (i) the compound of
formula (1) prepared in accordance with the method of claim
95 and (ii) a pharmaceutically-acceptable carrier.

102. A composition comprising (i) the compound of
formula (1) prepared in accordance with the method of claim
96 and (ii) a pharmaceutically-acceptable carrier.

103. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
9.

104. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
95.

105. A lyophilized cake comprising the compound of
formula (1) prepared in accordance with the method of claim
96.
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