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. 

APPLICATION FOR PATENT TERM EXTENSION PURSUANT TO 
35 U.S.C. 6156 AND 37 C.RR 61.740 

Dear Sir: 

Pursuant to 35 U.S.C. 9156 and 37 C.F.R. $1.740, PRAECIS P HARMACEUTICALS 
INCORPORATED (“PRAECIS”) hereby applies for extension of the term of U.S. Patent No. 
5,843,901, issued December 1, 1998. PRAECIS represents that it is the Marketing Applicant and 
agent acting on behalf of The Advanced Research and Technology Institute, the assignee of the 
entire interest in U.S. Patent No. 5,843,901 by virtue of an assignment from the Indiana 
University Foundation dated June 30,1997, a copy of which is submitted herewith as Exhibit G. 
The Indiana University Foundation had in turn acquired ownership of the patent via an 
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assignment from the inventor dated August 25,1995 and recorded in the United States Patent and 
Trademark Office on November 6,1995 at reel 7706, came 0614. 

A Power of Attorney dated December 29,2003 from The Advanced Research and 
Technology Institute, authorizing the registered practitioners of Lahive & Cockfield, LLP to act 
on behalf of the assignee, with correspondence and communications to be directed as set forth 
therein, is submitted herewith as Exhibit H. Accordingly, as required under 37 CFR 0 
3.WW)(O, th e undersigned is authorized to act on behalf of The Advanced Research and 
Technology Institute in submitting this Application. 

A Power of Attorney dated December 23,2003 from PRAECIS authorizing the registered 
practitioners of Lahive & Cockfield, LLP to act on behalf of Applicant, with correspondence and 
communications to be directed as set forth therein, is submitted herewith as Exhibit I. 

Applicant also represents that it was formerly named Pharmaceutical Peptides Inc., 
having changed its name to PRAECIS PHARMACEUTICALS, INC. on November 22,1996, 
and having further changed its name from PRAECIS PHARMACEUTICALS, PNC. to PRAECIS 
PHARMACEUTICALS INCORPORATED on June 9,1997. 

The following information is submitted in accordance with 35 U.S.C. $156(d) and 37 
C.F.R. @1.710-1.775. 

(1) A complete identification of the approved product as by appropriate chemical and 
generic name, physical structure or characteristics. 

The approved product is Plenaxism containing as active ingredient abarelix (PPI-149), a 
decapeptide analogue of the naturally occurring luteinizing hormone releasing hormone (LHRH). 
Abarelix is an LHRH antagonist, which is further identified as follows; 

Formula: 

Chemical name: 

Structural formula: 
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Molecular formula (free base): C72H95014N14C1 

Molecular weight (free base): 1416.06 g/mole 

CAS Registry Number: 183552-38-7 

(2) A complete identification of the Federal statute including the applicable 
provision of law under which the regulatory review occurred. 

The Regulatory review for the above-identified product occurred under Section 505 of the 
Federal Drug, Food and Cosmetic Act (21 U.S.C. $355). 

(3) An identification of the date on which the product received permission for 
commercial marketing or use under the provision of law under which the applicable 
regulatory review period occurred. 

PlenaxisTM received permission for commercial marketing or use under Section 505(b) of 
the Federal Food, Drug and Cosmetic Act (21 U.S.C. $355(b)) pursuant to the approval of NDA 
21-320 on November 25,2003. 

(4) In the case of a drug product, an identification of each active ingredient in the 
product and, as to each active ingredient, a statement that it has not been previously 
approved for commercial marketing or use under the Federal Food, Drug and Cosmetic 
Act, the Public Health Service Act, or the Virus-Serum Toxin Act, or a statement of when 
the active ingredient was approved for commercial marketing or use (either alone or in 
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combination with other active ingredients), the use for which it was approved, and the 
provision of law under which it was approved. 

The active ingredient of PlenaxisTM is abarelix, which has not been approved for 
commercial marketing or use under the Food, Drug and Cosmetic Act prior to the approval of 
NDA 21-320 on November 25,2003. 

(5) A statement that the application is being submitted within the sixty day period 
permitted for submission pursuant to 1.7200 and an identification of the last day on which 
the application could be submitted. 

This application is being submitted within the sixty day period permitted for submission 
pursuant to 37 C.F.R. $1.720(f). The product was approved on November 25,2003, and the last 
day on which this application could be submitted is January 24,2004. 

(6) A complete identification of the patent for which an extension is being sought by 
the name of the inventor, the patent number, the date of issue and the date of expiration. 

An extension is being sought for U.S. Patent NO. 5,843,901, which issued on December 
I, 1998 in the name of Roger W. Roeske and expires on December 1,2015. 

(7) A copy of the patent for which an extension is being sough& including the entire 
specification (including ,claims) and drawings. 

A complete copy of U.S. Patent No. 5,843,901 is attached hereto as Exhibit A. 

(8) A copy of any disclaimer, certificate of correction, receipt of maintenance fee 
payment, or reexamination certificate issued in the patent. 

A copy of the receipt of maintenance fee payment is attached hereto as Exhibit B. No 
certificate of correction, disclaimer or reexamination certificate has been filed or issued in U.S. 
Patent No. 5,843,901. 

(9) A Statement that the patent claims the approved product or a method of using or 
manufacturing the approved product, and a showing which lists each applicable patent 
&rim and demonstrates the manner in which at least one such patent claim reads on: 

(0 The approved product, if the listed claims include any claims to the approved 
product; 
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(ii) The method of using the approved product, if the listed claims in&de any 
claim to the method of using the claimed product; and 

(iii) The method of manufacturing the approved product, if the listed claims 
include any claim to the method of manufacture of the approved product. 

Claims of U.S. Patent No. 5,843,901 read on the approved product and pharmaceutical 
compositions comprising the approved product. 

Claim 3 of this patent is specifically drawn to the approved product as follows: 

3. A peptide compound comprising a structure: 
Ac-D-Nal-4-Cl-D-Phe-D-Pal-Ser-N-Me-Tyr-D-Asn-Leu-Lys(iPr)-Pro-D-Ala-~2; 

or a pharmaceutically acceptable salt thereof. 

Generic product claim 1 is as follows: 

1. A peptide compound comprising a structure: 

A-B-C-D-E-F-G-H-I-J 

wherein 
A is pyre-Glu, AC-D-Nal, Ac-D-Qal, AC-Sar, or AC-D-Pal; 
B is His or 4-Cl-D-Phe; 
C is Trp, D-Pal, D-Nal, L-Nal-D-Pal(N-0), or D-Trp; 
Dis Ser; . 
E is N-Me-Ala, Tyr, N-Me-Tyr, Ser, Lys(iPr), 4-Cl-Phe, His, Asn, Met, Ala, 

Arg or Ile; 
F is D-Asn or D-GZn, 
G is Leu or Trp; 
H is Lys(iPr), Gin, Met, or Arg; 
I is Pro; and 
J is Gly-NH2 or D-Ala-NH2 ; 
or a pharmaceutically acceptable salt thereof. 

This claim reads on the approved product when A is Ac-D-Nal; B is I-Cl-D-Phe; C is D- 
Pal; E is N-Me-Tyr; F is D-Asn; G is Letq H is Lys(iPr); and J is D-AlaNI&. 
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Generic product claim 2 is as follows: 

2. A peptide compound comprising a structure: 

A-B-C-D-E-F-G-H-I-J 

wherein 
A is pyro-Glu, Ac-D-Nal, AC-D-Qal, AC-Sax-, or AC-D-Pal; 
B is His or 4-Cl-D-Phe; 
C is Trp, D-Pal, D-Nal, L-Nal-D-Pal@0), or D-Tip; 
D is Ser; 
E is N-Me-Ala, Tyr, N-Me-T$-, Ser, Lys(iPr), 4-Cl-Phe, His, Asn, Met, Ala, A 
or Ile; 
F is D-Asn; 
G is Leu or Trp; 
H is Lys(iPr), Gln, Met, or Arg; 
I is Pro; and 
J is Gly-NH2 or D-Ala-NH2 ; 
or a pharmaceutically acceptable salt thereof. 

% 

This claim reads on the approved product when A is Ac-D-Nal; B is 4-Cl-D-Phe; C is D- 
Pal; E is N-Me-Tyr; G is Leu; H is Lys(iPr); and J is D-Ala+&. 

Claim 5 of this patent reads on a pharmaceutical composition comprising the approved 
product as it depends on Claims 1,2 or 3: 

5. A pharmaceutical composition comprising the peptide of any one of claims 1,2,3 
or 4, and a pharmaceutically acceptable carrier. 
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(10) A statement beginning on a new page of the relevant dates and information pursuant 
to 35 U.S.C. $156(g) in order to enable the Secretary of Health and Human Services or 
the Secretary of Agriculture, as appropriate, to determine the applicable regulatory 
review period as follows: 
(i) For a patent claiming a human drug, antibiotic, or human biological product: 

(A) The effective date of the investigational new drug (IND) appiication and the 
IND number; 

The IND application for PlenaxisTM was submitted on October 18,1996, and the IND 

became effective on November 17, 1996. By letter dated October 22, 1996, the FDA 

acknowledged receipt of the IND application on October 18, 1996, and assigned IND number 

5 1,7 10. A copy of this letter attached as Exhibit Cl. This establishes the beginning of the 

“regulatory review period” under 35 U.S.C. $156(g) as November 17, 1996. 

(B) The date on which a new drug application (NDA) or a Product License 
Application (PLA) was initiahy submitted and the NDA or PLA number; 
and 

NDA Number 2 l-320 for Plenaxis’r’M was submitted on December 11,200O. The FDA 

confirmed the receipt of the NDA on December 12,200l in a letter dated January 8,2001, a copy 

of which is attached hereto as Exhibit D. This establishes December 11,200O as the initial 

submission date of the NDA for the approved product for the purposes of 35 U.S.C. 0 156(g)(l). 

On June 11,2001, PRAECIS received a Non-Approvable Letter from FDA for NDA 21-320. 

PRAECIS resubmitted NDA 21-320 in NDA Amendment 042 on February 25,2003, as a 

complete response to the June 11,200l Non-Approvable Letter. By letter dated March 18,2003, 

FDA acknowledged receipt of the February 25,2003 resubmission to NDA 21-320. A copy of 

this letter is attached as Exhibit E. 

(C) The date on which the NDA was approved or the Product License issued. 

1 Applicant also represents that it was formerly named Pharmaceutical Peptides Inc., having changed its name to 
PRAJxrS PHARh4A CEUTICALS, INC. on November 22,1996, and having fbrther changed its name &om 
PRAECIS PHARMA CEUTICALS, INC. to PRAECIS PHARMACEUTICAL INCORPORATED on June 9,1997 
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The NDA was approved by the FDA approval letter sent November 25,2003, 

setting the effective date of the approval as the November 25,2003 ,date of the Ietter. A copy of 

this FDA approval letter is attached as Exhibit F. This establishes the end of the “regulatory 

review period” under 35 U.S.C. $156(g)( 1) as November 25,2003. 
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(11) Brief description beginning on a new page of the significant activities undertaken by 
the marketing applicant during the applicable regulatory review period with respect to 
the approved product and the significant dates appIicable to such activities. 

The regulatory activities undertaken to obtain approval of PlenaxisTM commenced with the 

submission of an Investigational New Drug Application @ND 5 1,710) on October 18, 1996 to 

study the use of abarelix acetate/abarelix for injectable suspension for the palliative treatment of 

advanced prostate cancer. 

The testing phase of the regulatory review period consisted of activities occurring under 

lND 51,710. These activities included meetings with the FDA on June 18, 1997; August 4, 1998; 

February 10,1999; April 28,1999; May 5,1999; June 18,1999; and July 20,200O; and timely 

submission of numerous documents required by regulation including Annual Reports on 

December 19,1997; December 21,1998; November 29,1999; February 20,200l; March 29, 

2002; and July l&2003; Information Amendments, IND Safety Reports (initial and follow-up), 

New Protocols and Protocol Amendments. In addition, responses to all FDA Information 

Requests were promptly submitted. 

The testing phase ended and the approval phase of the regulatory review period began on 

December 11,200O when, pursuant to Section 505(b){ 1) of the Federal Food , Drug and Cosmetic 

Act, PRAECIS PHARMACEUTICALS INCORPORATED submitted New Drug Application 21- 

320 to the FDA. A 3-month Safety Update was submitted on March 13,200l. Many significant 

regulatory activities occurred during this approval phase, including numerous responses to FDA 

Information Requests and draft labeling were submitted in a timely manner. PRAECIS received a 

Non- Approvable Letter from FDA for NDA 2 l-320 on June 11,200l. 

PRAECIS continued active communication/interaction with FDA on NDA 2 l-320 

including meetings with FDA on September lo,2001 and July 18,2002. A complete response to 

the Non-Approvable Letter was submitted by PRAECIS on February 25,2003 commencing the 

second approval phase of the regulatory review period for PlenaxisTM. Many significant regulatory 

activities occurred during this second approval phase, including an additional Safety Update 

submitted July 26,2003, numerous responses to FDA Information Requests and revised draft 

labeling were submitted. 
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The regulatory review period for PlenaxisTM ended with permission for commercial 

marketing being granted by FDA on November 25,2003. All regulatory activities were carried out 

in a prompt, timely manner in accordance with all applicable statutes and regulations, reflecting the 

diligent pursuit of FDA approval of NDA 2 l-320 for PlenaxisTM. 
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(12) A statement beginning on a new page that in the opinion of the applicant the patent is 
eligibie for the extension and a statement as to the length of the extension claimed, 
including how the length of extension was determined, 

In the opinion of the Applicant, U.S. Patent No. 5,843,901 is eligible for an extension 
because it satisfies all of the requirements for such extension under 35 U.S.C. $156(a): 

(1) 35 U.S.C. $156(a) 
As set forth in section 8, U.S. Patent No. 5843,901 claims the approved product and 
pharmaceutical compositions comprising the approved product. 

(2) 35 U.S.C. $156(a)(l) 
U.S. Patent No. 5,843,901 was granted December 1, 1998 on an earliest filed patent 
application filed on June 7, 1995 and is subject to no terminal discIaimers. As the 
application was pending on June 7, 1995, the term of the issued patent expires on the later 
of (a) the date which is 20 years from the filing date of the earliest filed application, or 
June 7,2015; and (b) the date which is 17 years from the issue date, or December 1, 
2015. The patent therefore expires on December 1,2015, and this application has been 
filed before the expiration of the patent term. 

(3) 35 U.S.C. $156(a)(2) 
The term of this patent has never been extended. 

(4) 35 U.S.C. $156(a)(3) 
This application is submitted by the Marketing Applicant and authorized agent of the 
owner of record. The Advanced Research and Technology Institute is the owner of 
record through an assignment from the Indiana Research Foundation, submitted herewith 
as Exhibit G. The Indiana Research Foundation had in turn aquired ownership of the 
patent via an assignment from the inventor dated August 25,1995 and recorded in the 
United States Patent and Trademark Office on November 6,1995 at reel 7706, frame 
0614. 

(5) 35 U.S.C. 156(a)(4) 
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As evidenced by the November 25,2003 approval letter from the FDA (Exhibit F), 
PlenaxisTM was subject to a regulatory review period under Section 505(b) of the Federal 
Food, Drug, and Cosmetic Act before its commercial marketing or use. 

(6) 35 U.S.C. 156(a)(5)(A) 
The permission for commercial marketing of PlenaxisTM after this regulatory review 
period is the first permitted commercial marketing of PlenaxisTM under provision of the 
Federal Food, Drug and Cosmetic Act (21 U.S.C. 355) under which the regulatory review 
period occurred, as confirmed by the absence of any approved NDA for approved product 
prior to November 25,2003. 

(7) 35 U.S.C. 156(g)(4) 
No other patent has been extended for the same regulatory review period for the product 
PlenaxisTM. 

The term of U.S. Patent No 5,843,901 should be extended by 725 days, from December 1, 
2015 to November 25,2017. This extension is calculated as set forth below. 

The rules for calculating a patent term extension under 35 U.S.C. $156 are set forth in 37 
C.F.R. 6 1.775. 

91.775 Calculation of patent term extension for a human drug, antibiotic 
drug or human biological product. 

(a) If a determination is made pursuant to Sec. 1.750 that a patent 
for a human drug, antibiotic drug or human biologica product is 
eligible for extension, the term shall be extended by the time as 
calculated in days in the manner indicated by this section. The patent 
term extension will run from the original expiration date of the patent 
or any earlier date set by terminal disclaimer (Sec. 1.321). 

U.S. Patent No. 5,843,901 issued on December 1,1998 from an earliest-filed U.S. 

application filed June 7, 1995. Pursuant to 35 U.S.C. Fj 154, this patent is entitled to an original 

term of the longer of (1) 20 years from the filing date; and (2) 17 years from the issue date. In 

this case, 17 years fi-om the issue date is the longer term. Therefore, the original expiration date 

of the patent is December 1,2015. No terminal disclaimer has been filed in this case, 
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(b) The term of the patent for a human drug, antibiotic drug or human 
biological product will be extended by the length of the regulatory review 
period for the product as determined by the Secretary of Health and Human 
Services, reduced as appropriate pursuant to paragraphs (d)(l) through (d)(6) 
of this section. 
(c) The length of the regulatory review period for a human drug, antibiotic drug 
or human biological product will be determined by the Secretary of Health and 
Human Services. Under 35 U.S.C. 0156(g)(l)(B), it is the sum of- 

(1) The number of days in the period beginning on the date an 
exemption under subsection (1’) of section 505 or subsection (d) of 
section 507 of the Federal Food, Drug, and Cosmetic Act became effective 
for the approved product and ending on the date the application was 
initially submitted for such product under those sections or under section 351 of 
the Public Health Service Act; and 

(2) The number of days in the period beginning on the date the application 
was initially submitted for the approved product under section 351 of the Pubtic 
Health Service Act, subsection (b) of section 505 or section 507 of the Federal 
Food, Drug, and Cosmetic Act and ending on the date such application was 
approved under such section. 

As set forth below, the regulatory review period for Plenaxism can be viewed in two 

alternate ways, depending upon whether the period between the receipt of the nonapprovable 

letter and the filing of the amended NDA falls under paragraph (c)( 1) or paragraph (c)(2). 

(A) The period between the receipt of the nonapprovable Ietter and the fiing of the 
amended NDA falls under paragraph (c)(l). 

The regulatory review period for PlenaxisTM can be viewed as the sum of (1) the period 

beginning on November 17,1996, the date of acceptance of the IND by the FDA, and ending on 

December 11,2000, the date the NDA for Plenaxis~ was initially submitted, (2) the period 

beginning December 12,200O and ending June 11,200 1, the date of the non-approvable letter 

from the FDA, (3) the period from June 12,200l to February 25,2003, the date of the 

resubmission of the amended NDA, and (4) the period from February 26,2003 to November 25, 

2003, the date of the approval letter from the FDA. In this view, the periods from November 

17,1996 to December 11,200O and from June 12,200l to February 25,2003 fall under 

paragraph (c)(l). The periods Corn December 12,200O to June 11,200l and from February 26, 
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2003 to November 25,2003 fall under paragraph (c)(2). The resulting regulatory review period 

is 2,565 days. 

(B) The period between the receipt of the nonapprovable letter and the filing of the 
amended NDA falls under paragraph (c)(2). 

In this view, the regulatory review period for PlenaxisTM is the sum of (I) the period 

begimring on November 17,1996, the date of acceptance of the IND by the FDA, and ending on 

December 11,2000, the date the NDA for Plenaxis” was initially submitted, and (2) the period 

beginning December 12,200O and ending November 25,2003, the date of the approval letter 

from the FDA. In this view, the period from November 17, 1996 to December 11,200O falls 

under paragraph (c)(l), and the period from December 11,200O and ending November 25,2003 

falls under paragraph (c)(2). The regulatory review period for Plenaxisr”l was thus 2,565 days. 

(d) The term of the patent as extended for a human drug, antibiotic 
drug or human biological product will be determined by-- 

(1) Subtracting from the number of days determined by the Secretary 
of Health and Human Services to be in the regulatory review period: 

(i) The number of days in the periods of paragraphs (c)(l) and (c)(2) of this 
section which were on and before the date on which the patent issued; 

(ii) The number of days in the periods of paragraphs (c)(l) and (c)(2) of this 
section during which it is determined under 35 U.S.C. §156(d)(2)(B) by the 
Secretary of Health and Human Services that applicant did not act with due 
diligence; 

(iii) One-half the number of days remaining in the period defined by 
paragraph (c)(l) of this section after that period is reduced in accordance with 
paragraphs (d)(l) (i) and (ii) of this section; half days will be ignored for 
purposes of subtraction; 

The number of days in the regulatory review period which were on or before the issue 

date of the patent is 745. Subtracting 745 days from the regulatory review period leaves 1,820 

days. As set forth in Section 10 above, there were no days in the regulatory review period during 

which the applicant did not act with due diligence. 

As set forth above, the number of days remaining in the period defined by paragraph 

(c)( 1) following reduction in accordance with paragraphs (d)(l)(i) and (d)( l)(ii) depends upon 
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whether the period from June 12,200l to February 25,2003 falls under paragraph (c)(l) or 

paragraph (c)(2). Calculations for both of these alternatives are set out below. 

(A) The period from June 11,200l to February 25,2003 falls under paragraph (c)(l). 

The total number of days in the regulatory review period which fall under paragraph 

(c)(l)is 2,109. S btr t u ac ing from this the number of days which were on or before the issue date 

of the patent leaves 1,364 days. Subtracting one-half of 1,364 fkom 1,820 leaves 1,138 days. 

(B) The period from June IT,2001 to February 25,2003 falls under paragraph (c)(2). 

The total number of days in the regulatory review period which fall under paragraph 

(c)(l) is 1,485. S bt t u rat ing from this the number of days which were on or before the issue date 

of the patent leaves 740 days. Subtracting one-half of 740 fi-om 1,820 leaves 1,450 days. 

(2) By adding the number of days determined in paragraph (d)(l) of this section 
to the original term of the patent as shortened by any terminal disclaimer; 

The number of days determined in paragraph (d)( 1) depends upon whether the period 

from June 11,200l to February 25,2003 falls under paragraph (c)(l) or paragraph (c)(2). 

Calculations for both of these alternatives are set out below. 

(A) The period from June II,2001 to February 25,2003 falls under paragraph (c)(l). 

The number of days determined under paragraph (d)( 1) is 1,138 days. Adding 1,13 8 

days to the original term of U.S. Patent No. 5,843,901 results in a term extension to January 12, 

2019. 

(B) The period from June 11,200l to February 252003 falls under paragraph (c)(2). 

The number of days determined under paragraph (d)(l) is 1,450 days. Adding 1,450 

days to the original term of U.S. Patent No. 5,843,901 results in a term extension to November 

20,2019* 
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(3) By adding 14 years to the date of approval of the application under section 
351 of the Public Health Service Act, or subsection (b) of section 505 or section 
507 of the Federal Food, Drug, and Cosmetic Act; 

Adding 14 years to the date of approval of the NDA for Plenaxis” results in an 

extension of the term of U.S. Patent No. 5,843,901 to November 25,2017. 

(4) By comparing the dates for the ends of the periods obtained pursuant to 
paragraphs (d)(2) and (d)(3) of this section with each other and selecting the 
earlier date; 

The earlier of the expiration dates obtained pursuant to paragraphs (d)(2) and (d)(3) of 

$1.775 is November 25,2017. 

(5) If the original patent was issued after September 24,1984, 
(i) By adding 5 years to the original expiration date of the patent or any 

earlier date set by terminal disclaimer; and 
(ii) By comparing the dates obtained pursuant to paragraphs (d)(4) and 

(d)(5)(i) of this section with each other and selecting the earlier date; 

U.S. Patent No. 5,843,901 was issued a&r September 24, 1984. Adding 5 years to the 

original expiration date of U.S. Patent No. 5,843,901 results in a term extension to December 1, 

2020. The earlier of the expiration dates determined according to paragraphs (d)(4) and (d)(5)(i) 

is November 25,2017. 

(6) If the original patent was issued before September 24,1984, and 
(i) If no request was submitted for an exemption under subsection 

(i) of section 505 or subsection (d) of section 507 of the Federal Food, Drug, and 
Cosmetic Act before September 24,1984, by- 

(A) Adding 5 years to the original expiration date of the patent or earlier date 
set by terminal disclaimer; and 

(B) By comparing the dates obtained pursuant to paragraphs (d)(4) and 
(d)(6)(i)(A) of this section with each other and selecting the earlier date; 

(ii) If a request was submitted for an exemption under subsection (i) of 
section 505 or subsection (d) of section 507 of the Federal Food, Drug, or 
Cosmetic Act before September 24,1984 and the commercial marketing or use 
of the product was not approved before September 24,1984, by- 

(A) Adding 2 years to the original expiration date of the patent or earlier date 
set by terminal disclaimer, and 
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(B) By comparing the dates obtained pursuant to paragraphs (d)(4) and 
(d)(6)(ii)(A) of this section with each other and selecting the earlier date. 

The original patent issued after September 24,1984. Thus, lie adjustment of the term 

under paragraph (6) is required. 

As set forth above, U.S. Patent No. $843,901 is eligible for a term extension of 725 days, 

with an expiration date of November 25,2017. 
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(13) Under 37 C.F.R. $1.165, Applicant hereby acknowledges a duty to disclose to the 
Commissioner of Patents and Trademarks and the Secretary of Health and Human Services or the 
Secretary of Agriculture any information which is material to the determination of entitlement to 
the extension sought. 

(14) The Commissioner is hereby authorized to charge the prescribed fee under 37 
C.F.R. 9 1.200’) f or receiving and acting upon this application to our Deposit Account No. 12- 
0080. Please charge any additional fees or credit any overpayments associated with this 
communication to our Deposit Account No. 12-0080. 

As required under 37 C.F.R. 91.740(b), five true copies of this application are enclosed. 

Any inquiries and/or correspondence relating to this application for patent term extension 
should be directed to the undersigned. 

LAHIVE & COCKFIELD, LLP 
Attorneys at Law 

BY 
Jane ~&milliud, Esq. 
Regi@n No.: 38,872 
Attorney for Applicant 

28 State Street 
Boston, MA 02109 
Tel. 617-227-7400 
Fax 617-7&-4214 
Date: 
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LHRH ANTAGONIS’I’ PEPTIDES 

This invention was made with Government support 
under .comract NOl-HD-3-3172 awarded by the National 
Institutes of Health. The government has certain rights in the 
invention. 

BACKGROUND 

The present invention relates to LHRH antagonist pep- 
tides and uses thereof. 

Luteinizing hormone (LH) and follicle-stimulating hor- 
mone (FSH) arc hormones released by the pituitary gland. 
These hormones regulate the functioning of the gonads and 
the production and maturation of gametes. LH and FSH are 
generally released by the pituitary gland upon prior release 
of triggering hormone from the hypothalamus. Luteiniziag 
hormone-releasing hormone (LHRH; also known as 
gonadotropin-releasing hormone or GnRH) is one of the 
principal hypothalamic hormones which triggers the release 
of LH. Thus, release of LHRH represents a control point in 
the physiological regulation of gonadal function. The s~ruc- 
ture of mammalian LHRH has been determined, and has 
been found to be a decapeptide: 

(SEQ. ID NO. 1) 
p-Glu--His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 

1 2 3 4 5 6 7 8 9 10 

LH release is necessary for ovulation; thus, compounds 
which inhibit LH release by blocking the action of LHRH 
are useful as contraceptive agents. LHRH antagonists are 
also useful for regulating secretion of gonadotropins in male 
mammals, and thus can be used as male contraceptives. In 
addition, LHRH antagonists can be used in the treatment of 
sex-hormone dependent cancers (for example, prostate 
cancer), where increased levels of gonadotropins increase 
the rate of tumor growth. 

Many mod&d LHRH analog peptides have been syn- 
thesized in an attempt to increase the potency of the 
antagonists, preferably while also increasing the resistance 
of the antagonist to enzymatic degradation. For example, 
synthetic LHRH antagonist peptides’ which incorporate 
modified or unnatural amino acids have been tested. Com- 
mon substitutions include, for example, substitution of 4-CI- 
D-Phe for His at position 2, or substitution of D-Ala-NH, for 
Gly-NHa at position 10. 

One problem frequently encountered in LHRH antagonist 
peptides is the occurrence of histamine-releasing activity. 
This histamine-releasing activity represents a serious 
obstacle to the clinical use of such antagonists becanse 
histamine release results in adverse side effects such as 
edema and itching. Thus, LHRH antagonist peptides which 
have low histamine releasing activity are particularly desir- 
able. Although the LHRH antagonist and histamine- 
releasing properties are not necessarily related, very few 
prior art compounds combine low histamine-releasing activ- 
ity with high LHRH antagonist activity. Many prior art 
LHRH antagonist peptides also suffer from poor water- 
solubility, which complicates formulation of the antagonist 
for administration. 

30 
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SUMMARY 

The present invention features IJ-IRH antagonist peptides, 
methods of modulating LHRH activity, and methods of 65 
treating a subject with the antagonists of the invention. lo 
one aspect, the invention provides an LHRH antagonist, 

2 
comprising a peptide having a sidechain modified by a 
dipolar moiety forming a modified peptide, such that the 
modified peptide has LHRH antagonist activity. 

In another aspect, the invention provides an LHRH 
antagonist, comprising a peptide having a sidechain modi- 
lied by a cationic moiety selected from the group consisting 
of cationic pyridinium moieties and sulfonium moieties, 
with the proviso that. the cationic moiety is not N-methyl 
pyridinium, forming a modified peptide, such that the modi- 
fied peptide has LHRH antagonist activity. 

In another aspect, the invention provides an LHRH 
antagonist, comprising a peptide having a sidechain modi- 
fied by a receptor-modifying moiety forming a modified 
peptide, such that the modified peptide has LHRH antago- 
nist activity. 

In still another aspect, the invention provides an LHRH 
antagonist, comprising a peptide having a sidechain modi- 
fied by a hydrophilic N-acyl moiety forming a modified 
peptide, such that the modified peptide has LHRH antago- 
nist activity. 

In yet another aspect, the invention provides an LHRH 
antagonist, comprising a peptide having a small polar moi- 
ety in position 6, such that the peptide has LHRH antagonist 
activity. 

In still further aspects, lhe invention provides pharmaceu- 
tical compositions of the LHRH antagonist peptides. 

In another aspect, the invention provides a method of 
inhibiting LHRH activity in a subject, comprising adminis- 
tering to a subject an effective amount of an LHRH 
antagonist, such that LHRH activity is inhibited. 

In another aspect, the invention provides a method of 
inhabiting LHRH activity in a cell, comprising contacting a 
cell with an LHRH antagonist, such that LHRH activity is 
i&iii&l. 

In another aspect, the invention provides a method of 
inhibiting growth of a hormone-dependent tumor in a 
subject, comprising administering to a subject an effective 
amount of an LHRH antagonist, such that tumor growth is 
inhibited. 

In another aspect, the invention provides a method of 
inhabiting ovulation in a subject, comprising administering 
to a subject an effective amount of an LHRH antagonist, 
such that ovulation is inhibited. 

In another aspect, the invention provides a packaged 
formulation for treating a subject for a disorder associated 
with LHRH activity, comprising an LHRH antagonist pack- 
aged with instructions for using the LHRH antagonist for 
treating a subject having a disorder associated with LHRH 
activity. 

DETAILED DESCRIPTION 
In order that the present invention may be more readily 

understood, certain terms are first de&red. 
As used herein, “LHRH antagonist peptide” means a 

peptide or peptide analog which inhibits LHRH activity (i.e., 
has “LHRH antagonist activity”) in vivo or in vitro. Can- 
didate LHRH antagonist peptides can be assayed in the 
animal model described in C&in and Beattie, Er&crine 
Res. Comma 2:l (1975) (and see in&a). In this assay, the 
LHRH antagonistic activity of a candidate compound is 
assayed by measuring the antiovulatory activity (AOA) of 
the compound in rats. 

The term %istamine-releasing activity”, as used herein, 
refers to the tendency of a compound to release histamine 
when administered to a subject. The histamine-releasing 
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activity of a compound can be measured with an in vitro ethers, thioetbers, sulfonyls, selenoethers, ketones, 
assay (described in more detail, i&a). Preferred LHRH aldehydes, esters, --cF,. -CN, or the like. Heterocycles 
antagonist peptides have high activity in the rat antiovula- may also be bridged or fused to other cyclic groups as 
tory activity assay, but low histamine releasing activity. described below. 
Preferred LHRH antagonist peptides have an ED9 in the s The terms “polycycle” or “polycyclic group” refer to two 
histamine release away of at least 3&ml, more preferably or more cyclic rings (e.g., cycloalkyls, cycloalkenyls, 
at least 5 /&ml, and still more preferably at least 10 @ml. cycloalkynyls, aryls and/or heterocycles) in which two or 

The term “alkyl”, as used herein, refers to a straight or more carbons are common la two adjoining rings, e.g., the 
branched chain hydrocarbon group having from about 1 to rings are “fused rings”. Rings that are joined through non- 
about 10 carbon atoms. The term “lower alkyl” refers to an 10 adjacent atoms are termed “bridged” rings. Each of the rings 
alkyl group having from about 1 to about 6 carbon atoms. of the polycycie can be substituted with such substituents as 
Exemplary lower alkyl groups include methyl, ethyl, described above, as for example, halogens, alkyls, 
n-propyl, isopropyl, n-butyl, isobutyl, set-butyl, tert-butyl, cycloalkyls, alkenyls, alkynyls, hydroxyl, amino, nitro, 
n-pentyl, and n-hexyl. An alkyl group may be unsubstituted, thiol, amines, irniF% amides, phosphonates, phosphines, 
or may be substituted at one or more positions, with, e.g., 15 carbonyls, carboxyk, silyls, ethers, thioetbers, sulfonyls, 
halogens, alkyls, cycloalkyls, alkenyls, alkynyls, aryls, selenoethers, ketones, aldehydes, esters, --CF,, -CN, or 
heterocycles, hydroxyls, aminos, nitros, thiols, amines, the like. 
imines, amides, phosphonates, phosphines, carbonyls, The term “heteroatom” as used herein means an atom of 
carboxyls, silyis, ethers, tbioethers, sulfonyts, seienoethers, any element other than carbon or hydrogen. Preferred bet- 
ketones, aldehydes, esters, -CF,, -CN, or the like. Pre- ** 
ferred alkyls are lower alkyls. 

eroatoms are nitrogen, oxygen, sulfur, phosphorus and sele- 
nium. 

The term “cycloalkyl” refers to a cyclic saturated hydro- The term “arylalkyl”, as used herein, refers to an aryl 
carbon group having from 3 to 8 carbon atoms. Exemplary group appended to an alkyl group, including, but not limited 
cycloalkyls include cyclopropyl, cyclobuty1, cyclopentyl, to, benzyl, naphthylmethyl, pyridyl methyl, and the like. 
cyclohexyl, and cyclooctyl. Cycloalkyl groups may be *’ The term “ylid” is known in the art and refers to a moiety 
unsubstituted or substituted at one or more ring positions as in which a positively charged atom (especially from Groups 
described for alkyls. Thus, a cycloalkyl may be substituted V and VI of the periodic table) is bonded to a carbon atom 
with, e.g., halogens, alkyls, cycloalkyls, alkenyls, alkynyls, which bears an unshared pair of electrons. Thus, an ylid has 
aryls, heterocycles, hydroxyls, aminos, nitros, thiols amines, the resonance forms: 
imines, amides, phosphonates, phosphines, carbonyls, 3o 
carboxyls, silyls, ethers, thioethers, sulfonyls, selenoethers, Wf 
ketones, akiehydes, esters, -CF-,, -CN, or the like. I 

The terms “alkenyl” and “alkynyl”, as used herein, refer t/-& < > .,JL 
to unsaturated groups analogous in length and possible 35 
substitution to the alkyls descriied above, but which contain 
at least one carbon-carbon double or triple bond respec- 

in which W is a heteroatom such as S, ot P, and RI and R, 

tively. 
are, independently, H, alkyl, cycloalkyk, aJkeny1, alkynyl, 

The term “aryl” as used herein includes 4, 5, 6- and 
aryl, alkoxy, thioalkoxy, and the like. The heteroatom is 
substituted with an appropriate number of substituents (i.e., 

7-membered single-ringaromaticgroupswhich may include 40 two for N and S, and three for P); the sub&uents are 
from zero to four beteroatoms, for example, benzene, independently alkyl, cycloaikyl, aryl, and the like. Nitrogen 
pyrrole, furan, thiophene, imidazole, oxazole, thiazole, 
triazole, tetrazole, pyrazole, pyridine, pyrazine, pyridazine 

ylides do not have a significant contribution from the 
non-charge-separated resonance form (on the right, above). 

and pyrinidine, and the like. Those aryl groups having The term “dipolar moiety”, as used herein, refers to a 
heteroatoms in the ring structure may ako be referred to as 45 covalently bonded moiety having both positive and negative 
“aryl heterocycle” or “heteroaromatic”. The aromatic ring charges (e.g., a zwitterionic moiety). Exempkuy dipolar 
can be substituted at one oc more ring positions with such groups include ylids (e.g., of S, N, or P), tertiary amine 
substituents as descriid above, as for example, halogens, oxides, n&ones, pyridine-N-oxides, nitrile oxides, quater- 
alkyls, cycloalkyls, alkenyls, alkynyls, heterocycles, 
hydroxyk amino% nitm% thiok amine% imineS, amid=, so acetate), amino acids, sulfonium arene oxides (as described 

nary amino acids (e.g., 2-(N,N,N-trialkylammonium) 

phosphonates, phosphines, carbonyls, carboxyls, silyk, in, for example, U.S. Pat. No. 4,111,914), betaines (e.g., 
ethers, thioetbers, sulfonyls, setenoetbers, ketones, trigon&@, and the like. In certain preferred embodiments, 
aldehydes, esters, -CFa, -CN, or the like. An aromatic the dipolar moiety is a pyridine-N-oxide. In other preferred 
ring may also be substituted with another aromatic ring, as embodiments, the dipolar moiety is a zwitterionic pyri- 
in, for example, a biphenyl. Aryl groups also include fused 55 dinium moiety. 
or polycyclic aromatic systems. As used herein, a “cationic moiety” is a moiety in which 

The terms “heterocycie” or “heterccyclic group” refer to at least one atom bears a positive charge, and the moiety has 
4- to lo-membered ring structures, more preferably 5 to 7 a net positive charge. Thus, for example, an N-alkyl (or 
membered rings, which ring structures include one to four N-alkenyl, -alkynyl, or -aryl, collectively referred to herein 
heteroatoms. Heterocyclic groups include pyrrolidine, so as HN-substituted pyridinium”) pyridinium moiety can be a 
oxolane, thiolane, imidazole, oxazole, piperidine, cationic moiety (and is referred to herein as a “cationic 
piperazine, morpboliue. The heterocyclic ring can be sub- pyridinium moiety”), but a pyridine-N-oxide is not, unless it 
stituted at one or more positions with such substituents as has a net positive charge. As described above, a pyridine- 
described above, as for example, halogens, alkyls, N-oxide can be a dipolar moiety. Other exemplary cationic 
cycloalkyls, alkenyls, alkynyk, aryk, other beterccycles, 65 moieties include quaternary amines, sulfonium salts, phos- 
hydroxyl, amino, nitm, thiol, amines, imines, amides, phonium salts, and the like. In certain preferred 
phosphonates, phosphiues, carbonyls, carboxyk, silyk, embodiments, the cationic moiety is a sulfonium moiety. 
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A sulfonium moiety has the following structure: 

in which R,, R, and R, are each, independently, alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl, and the like. 

In other preferred embodiments, the cationic moiety is a 
cationic pyridinium moiety. A cationic pyridinium moiety 
has the following structure: 

RI6 RM 
wherein R,, is alkyl or aryl, and R,,-R,, are each, 
independently, hydrogen, halogens, alkyls, cycloalkyls, 
alkeoyls, alkynyls, aryls, other heterocycles, hydroxyl, 
amino, nitro, throb, amines, imines, amides, phosphonates, 
phosphines, carbonyls, carboxyls, silyls, ethers, thioethers, 
sulfonyls, selenoethers, ketones, aldehydes, esters, -CF,, 
-CN, or the like. Preferred cationic pyridinium moieties 
include Pal(iPr) and Pal(Bz1). N-methyl pyridinium moieties 
are not preferred. 

Although the above examples describe pyridine (or 
pyridinium) moieties, it will be apparent to the skilled 
artisan that other N-heteroaromatic moieties (that is, a 
moiety in which at least one nitrogen is present in an 
aromatic ring) may be substituted for the pyridine (or 
pyridinium) moieties described herein. Exemplary 
N-heteroaromatics include thiazole, triazole, tetrazole, 
pyrazole, pyrazine, pyridazine and pyrimidine, and the like. 
Thus, N-substituted pyrazines, pyridazines, and the like, are 
contemplated for use in the present invention. 

As used herein, “tertiary amine” inchtdes trialkyl amines, 
triaryl amines, and amines which have both alkyl and aryl 
substituents. 

As used herein, “zwitterionic pyridinium moiety” refers 
to a moiety having the form: 

Rt0 

R9 ’ I R” 

c 
& \ N+\‘& 

R7 

in which R, comprises an alkyd, cycloalkyl, alkenyl, alkynyl, 
or aryl moiety, and R,-Rl, are each, independently, 
Wme, halogens, allry4 cydmW4 alkenyls, alkynyls, 
aryls, other heterocycles, hydroxyl, amino, n&o, thiol, 
amines, imioes, amides, phosphonates, phosphines, 
carbonyls, carboxyls, silyls, ethers, thioethers, sulfonyls, 
selenoethers, ketones, aklehydes, esters, -CT,, -CN, or 
the like, with the proviso that at least one of RsR,, is 
substituted with an anionic moiety. An “anionic moiety”, as 
used herein, is a moiety which has a net negative charge. The 
anionic moiety is chosen to be compatible with other 
moieties, and to form a stable compound. Illustrative anionic 
moieties include carboxylates, phosphates, phosphonates, 
sulfates, sulfonates, and the like. In certain preferred 
embodiments, the anionic moiety is a carboxylate. In other 
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6 
preferred embodiments, the anionic moiety is a sulfonate. In 
a preferred embodiment, R, comprises: 

-coo-. 

A pyridine N-oxide is a moiety which has the form: 

RlS 
P t RI4 FN+ R” 

‘O- 
I 
R13 

where R,,-R,, have the meanings defined above. 
The term “hydrophilic N-acyI moiety”, as used herein, 

refers to a moiety which comprises a nitrogen atom acylated 
so as to form a hydrophilic moiety. Thus, a hydrophilic 
N-acyl moiety can have the form: 

where R,, and R,,, are each, independently, H, alkyl, 
cycloalkyl, aryl and the like; and R4a is alkyl, cycloalkyl, 
alkenyl, alkynyl, at-y], and the like; and R4,-Rd3 are selected 
to form a hydrophilic moiety. In preferred embodiments, R,, 
and R4a are not both H. 

Relative hydrophilicity can be determined by any of 
several methods known in the art (Hansch, ed., “Compre- 
hensive Medicinal Chemistty”. W. 4, Pergamon Press, 
Oxford, 1990), and can be used to guide the choice of 
potential hydrophilic moieties for use iu the iuvention. The 
partition coefficient, P, between l-octanol and water has 
been used as a reference for measuring the hydrophilicity of 
a compound. Hydrophilicity can be expressed as log P, the 
logarithm of the partition coefficient (Hansch et al., iWure 
194178 (1962); Fujita et al., .I. Am Chem, Sot. 865175 
(1964)). Standard tables of hydrophilicity for many 
molecules, and lipophilicity (hydrophobicity) substituent 
constants (denoted rr) for many functional groups, have been 
compiled (see, e.g., Hans& and Leo, “Subs&tent Constants 
for Correlation Analysis in Chemistry and Biology,” Wiley, 
New York, N.Y., (1979)). The bydrophilicity of a vast range 
of candidate bydropbilicity moieties can be quite accurately 
predicted with the aid of these tables. For example, the 
measured log P (octano&ater) of napbthalene is 3.45. The 
substituent constant p for --OH is -0.67. Therefore, the 
predicted log P for 8-naphthol is 3.45+(-0.67)=2.78. This 
value is in good agreement with the measured log P for 
fl-naphthol, which is 2.84. In certain preferred embodiments, 
the hydrophilic N-acyl moiety has a vaIue of log P between 
-1 and +2, more preferably between -0.5 and +1.5. 
Examples of residues incorporating preferred hydrophilic 
acyl moieties are D-Lys@ndac), D-Lys@pic) and D-Lys 
(Dodac). Even more preferred residues incorporating hydro- 
philic acyl moieties include Lys(pGIu), Lys(Otac), and Lys 
(Onic). 

The term “small polar moiety” refers to a moiety which 
has small steric bulk and is relatively polar. Polarity is 
measured as hydrophilicity by the P scale described above. 
In certain preferred embodiments, the small polar moieties 
have a log P between -1 and +2. In particularly preferred 
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embodiments. the small polar moiety modifies residue 6. In 
preferred embodiments, the steric bulk of the small polar 
moiety is less than the steric bulk of Trp. Examples of 
residues incorporating preferred small polar moieties are D- 
or L-Cit, D- or L-Aso, D- or L-Gln, and D- or L-Thr. In 
preferred embodiment.., the small polar moiety is not Glu or 
a carboxylic ester of Glu. 

‘Ihe term “leaving group” is known in the art and, as used 
herein, refers to a functionality which upon heterolytic bond 
cleavage departs with an electron pair. In general, good 
leaving groups arc those moieties which are expelled fram 
the substrate as weak bases, whether charged or uncharged. 
For example, sulfates, sulfonates, sulfides, chloride, 
bromide, iodide, pbosphates, phosphinates, and the like are 
good leaving groups. In other words, when, for example, a 
C-S bond of a sulfoaium moiety is cleaved, a sulfide 
departs (with an electron pair). 

The term “receptor-modifying moiety”, as used herein, 
refers to a moiety which can modify, covalently or noo- 
covalently, a receptor for an LHRH antagonist peptide. For 
example, it has recently been shown (C. A. Flanagan et al., 
(1994) J. Biof. Chem. 269:22636) that Glu301 of the mouse 
LHRH receptor (which corresponds to Asp301 in the human 
LHRH receptor) interacts with Arg* in LHRH agonists. 
Thus, a carboxylate-modifying reagent (such as an alkylat- 
ing agent) can modify Glu301 (Asp301) and thus modify the 
mouse (or human) LHRH receptor. A receptor-modifying 
moiety may act to bond the LHRH antagonist peptide to the 
receptor (e.g., esterifying the antagonist to the receptor by 
displacement of a leaving group), or it may modify the 
receptor without bonding the LHRH antagonist peptide to 
the receptor (e.g., by methylation with a methylsulfooium 
moiety). Other residues of an LHRH receptor can also be 
modified, and moieties which can modify such residues are 
also receptor-modifying moieties. Exemplary receptor- 
modifying reagents include alkyl and benzyl halides (e.g., 
methyl iodide or benzyl bromide), a-haloketones, 
a-haloesters and a-haloamides (collectively referred to as 
“a-halocarbonyls”), sulfonium salts, sulfates, alkyl or aryl 
sulfoaates, and other reagents which comprise a good leav- 
ing group as described above. Other receptor-modifying 
reagents are described in, for example, A. J. Barrett and G. 
Salvesen, eds. (1986) “Proteinase Inhibitors”, Research 
Monographs in Cell and Tbsue Physiology, Vol. 12, Elsevier 
Press. Amsterdam. 

Although in certain embodiments an LHRH antagonist of 
the invention contains a receptor-modifying moiety, the 
invention is not intended to be limited to those antagonists 
that actually modify a receptor residue. An LHRH antago- 
nist comprising a receptor-modifying moiety but which does 
not actually modify the receptor may nonetheless be an 
effective LHRH antagonist. However, for those antagonists 
that do modify a receptor residue, one advantage is that such 
moieties can be designed to selectively modify only the 
targeted receptor, thereby reducing non-specific reactions 
and decreasing the probability of toxic side effects. 

The term “a peptide having a sidechain modified by” a 
moiety, as used herein, refers to a peptide (or peptide 
mimetic, see below) in which at least one residue has a 
sidechain comprising that moiety. Thus, for example, a 
“peptide having a sideebain modified by a dipolar moiety” 
means a peptide in which at least one side chain comprises 
a dipolar moiety. 

The LHRH antagonist peptides of the present invention 
also include peptide analogs and peptide mimetics. The 
terms “peptide analog”, “peptide derivative” and “peptide 
mimetic” as used herein are intended to include molecules 
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which mimic the chemical structure. of a peptide and retain 
the functional properties of the peptide. A “residue” refers to 
an amino acid or amino acid mimetic incorporated in the 
peptide compound by an amide bond or amide bond 
mimetic. Approaches to designing peptide analogs are 
known in the art. For example, see Farmer, l? S. in f>rug 
&.r@ (E. J. Ariens, ed.) Academic Yr~s, New York, 1980, 
vol. IO, pp. 119-143; Ball. J. B. and Alewood, P. F. (1990) 
J. Mol. Recognition 3:55; Morgan, B. A. and Gainor, J. A. 
(1989)Ann. Rep. Med. Chem. 24243; and Freidinger, R. M. 
(1989) Trends Phamacol. Sci. 10:270. 

An “amino acid mimetic” refers to a moiety, other than a 
naturally occurring amino acid, that conformationally and 
functionally serves as a substitute for a particular amino acid 
in a peptide compound without adversely interfering to a 
significant extent with the function of the peptide (e.g., 
interaction of the peptide with an LHRH receptor). In some 
circumstances, substitution with an amino acid mimetic may 
actually enhance properties of the peptide (e.g., interaction 
of the peptide with an LHRH receptor). Examples of amino 
acid mimetics include D-amino acids. LHRH antagonist 
peptides substituted with one or more D-amino acids may be 
ma& using well known peptide synthesis procedures. The 
effect of amino acid substitutions with D-amino acids or 
other amino-acid mimetics can be tested using assays, e.g., 
the AOA and histamine-release assays as described below. 
Other methods of determining the effect of substitution with 
an amino acid mimetic will be apparent to the skilled artisan. 

The peptide analogs or mimetics of the invention include 
isosteres. The term “isostere” as used herein refers to a 
sequence of two or more residues that can be substituted for 
a second sequence because the steric conformation of the 
first sequence fits a binding site specific for the second 
sequence. The term specifically includes peptide backbone 
modifications (i-e., amide bond mimetics) we11 known to 
those skilled in the art. Such modifications include mod& 
cationsof the amide nitrogen, the a-carbon, amide carbonyl, 
complete replacement of the amide bond, extensions, dele- 
tions or backbone crosslinks. Several peptide backbone 

40 modifications are known, including @X%$], @ZHaNH], 
WWW~ MQ@W WXWU aad ti0 or 0 
CH=CH]. In the nomenclature used above, q indicates the 
absence of an amide bond. The structure that replaces the 
amide group is specified within the brackets. Other 

45 examples of isosteres include peptides substituted with one 
or more benzodiazepine molecules (see e.g., James, 0. L. et 
al. (1993) Science 260:1937-1942). 

Other possible modifications include an N-all@ (or a@) 
substitution (@CONRD, backbone crosslinking to construct 

50 lactams and other cyclic structures, or r&m-inverse amino 
acid incorporation (vmCO& By “invemo” is meant 
replacing L-amino acids of a sequence with D-amino acids, 
and by ‘“retro-inverso” or “enantio-ret&’ is meant reversing 
the sequence of the amino acids (“retro”) and replacing the 

55 L-amino acids with D-amino acids. For example, if tbe 
parent peptide is Thr-Ala-Tyr the retro modified form is 
Tyr-Ala-Thr, the inverse form is thr-ala-tyr, and the retro- 
invemo form is tyr-ala&r (lower case letters refer to 
D-amino acids). Compared to the parent peptide, a mtro- 

60 ioverso peptide has a reversed backbone while retaining 
substantially the original spatial conformation of the side 
chains, resulting in a retro-inverse isomer with a topology 
that closely resembles the parent peptide and is able to bind 
the selected LHRH receptor. See Goodman et al. Verspec- 

65 fives in Pepttife Chemistv pp. 283-294 (1981). See also 
U.S. Pat. No. 4522,752 by Sisto for further description of 
‘Wro-inverse” peptides. 
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In addition to amino acid-substituted LHRH antagonist 
peptides, the invention also encompasses LHRH antagonist 
peptide compounds having other modifications. For 
example, the amino-terminus or carboxy-terminus of the 
peptide can be modified. The term “amino-derivative group” 
is intended to include amino-terminal modifications of the 
peptide compounds of the invention. Examples of 
N-terminal modifications include alkyl, cycloalkyl, aryl, 
arylalkyl, and acyl groups. A preferred N-terminal moditi- 
cation is acetylation. The N-terminal residue may be linked 
to a variety of moieties other than amino acids such as 
polyethylene glycols (such as tetraethylene glycol carboxy- 
lit acid monomethyl ether), pyroglutamic acid, succinoyl, 
methoxy succinoyl, benzoyl, phenylacetyl, 2-, 3-, or 
4-pyridylalkanoyl, aroyl, alkanoyl (including a&y1 and 
CyctoaRranoyt e.g., cyctohexylpropanoyl), arylakanoyl, 
arylaminocarbonyl, alkyiaminocarbonyl, 
cycloalkylaminocarbonyl, alkyloxycarbonyl (carbamate 
caps), and cycloalkoxycarbonyl, among others. 

The term “carboxy-derivative group” is intended to 
include carboxy-terminal modifications of the peptide com- 
pounds of the invention. Examples of modifications of the 
C-terminus include modification of the carbonyl carbon of 
the C-terminal residue IO form a carboxyterminal amide or 
alcohol (i.e., a reduced form). In general, the amide nitrogen, 
covalently bound to the carbonyl carbon on the C-terminal 
residue, will have two substitution groups, each of which 
can be hydrogen, alkyl or an alkylaryl group (substituted or 
unsubstituted). Preferably the C-terminal is an amido group, 
such as --CONH,, -CONHCH,, -CONHCH,C,H, or 
-CON(CH&, most preferably -CONH, but may also be 
Z-,3-, or 4-pyridylmethyl, 2-, 3-, or 4-pyridylethyl, carboxy- 
lit acid, ethers, carbonyl esters, alkyl, arylalkyl, aryl, 
cyclobexylamide, piperidineamide, other mono or disubsti- 
tuted amides, ureas, or carbamates. Other moieties that can 
be linked to the C-terminal residue include piperidine+ 
carboxylic acid or amide and cis- or trans-4-amino- 
cyclohexanecarboxylic acid or amide. 

The modified forms of LHRH antagonist peptides of the 
invention, including L- or D-amino acid substitutions, cova- 
lent modification of end termini or side chains, and peptide 
analogs and mimetics can be selected for desired alterations 
of the physical or chemical properties of the peptide, for 
example, increased stability, solubility, bioavailability, 
increased or decreased immunogenicity, etc. The peptides of 
the invention can be targeted to particular organs (e.g. the 
brain) by methods known in the art, for example, the 
dlhydropyridine-pyridinium carrier of Bodor (see, e.g., U.S. 
Pat- No. 4,540,564). In an exemplary embodiment, when a 
side-chain modified by a pyridinium moiety is desired, the 
corresponding N-alkylated dihydropyridine sidechain is 
incorporated into the peptide. When the petide is adminis- 
tered to a subject, the N-alkylated dihydropyridine sidechain 
is oxidized in vivo to the desired pyridinium moiety. 

Preferred LHRH antagonist peptides of the present inven- 
tion range in length hrn about 8 to about 12 residues, more 
preferably from 9 to 11 residues, and most preferably are 10 
residues in length. 

The LHRH antagonist peptides of the present invention 
can be prepared by any suitable method for peptide 
synthesis, including solution-phase and solid-phase chemi- 
cal synthesis. Preferably, the peptides are synthesized on a 
solid support. Methods for chemically synthesizing peptides 
are well known in the art (see. e.e.. Bodanskv. M. Prr%vles 
of Peptide Synthesis, Sptin~er~erlag, Be&n (1993)‘and 
Grant- G. A (ed.1. Svnthetk Pentides: A User’s Guide. W.H. 
Free&n and Company, New kork (1992). Automated pep- 
tide synthesizers are commercially available. 
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The use of combinatorial libraries to identify ligands is 

now well established (see, e.g., M. A. Galiop et al., (1994) 
J. Med Chem. 37:123% and E. M. Gordon et al,, (1994)J. 
Med. Chem. 37:1385; and references cited therein). 
Therefore, LHRH antagonist peptides can be identified by 
chemical (e.g., solution or solid-phase) synthesis ofcombi- 
natorial libraries (e.g., of peptides or peptoids) and screening 
of the resulting libraries according to known techniques. 
Thus, many potential ligands can be synthesized and 
screened in a short period of time, and the most active 
ligands selected for further testing or use. 

Standard abbreviations and conventions are used through- 
out this dischosure when describing the peptides of the 
invention. Peptides are written with the N-terminus on the 
left, the carboxyl ten&us on the right. Amino acids are of 
the L-form unless stated otherwise, e.g., D-Lys means the 
D-form of lysine. Ac-Xaa means the N-terminal residue Xaa 
is N-acetylated; C-terminal amides are denoted Xaa-NH,. In 
Table 1, only residues which differ from native mammalian 
LHRH are noted; thus, the notation Met(S’Me)‘- 
LHRH.TPA means a peptide which differs from native 
mammalian LHRH only in the substitution of Met(S’Me) 
for the native Arg at position 8 (TPA indicates the trifluo- 
roacetate salt). Lys(iPr) denotes N-c-2-propyl-lysinyl; other 
alkylating and acylating moieties are similar indicated. 
Thus, for example, Met(S+CH,C,Hs) denotes S-benzyl 
methionine. Certain other non-standard residues and moi- 
eties are abbreviated as follows: 

Abbreviation Residue OI moiety 

pGlu 
Nal 
Ada 
4-Cl-Phe 
w 
PaI 
Pal(N-G) 
Pal(i) 
P4=l 
p;\gy= 

lmdac 
otac 
Ppic 
Dodac 
Met(S+Me) 
PEG 
Cit 
Glu@nrine) 
W  
P;P 
CNa 
Dfa 
O&C 
Gtc 
Gnxic 

Pyro-gl~mY~ 
3-(2-naphthyl)alyl 
3-(ladamantanyl)alainyI 
(4khlompbenyi)alany~ 
3-(2’.qutsolinyl)alaninyl 
3-(3’-pyridyl)shlinyl 
3-(3’-pyridinc-N-o~e~n~yl 
3-N-(2-pmpyt)-3+-pyridinium)alaninyl 
3N-(btnzyI)-3’-pyridinium)alallinyl 
3i~~pyridi~ium-N-o)alaninyl 
N-r-Z-pxopyI-lysinyl 
2-oxo4imi&zoIiiyI 
2-cm4tbillzo~invl 
3-(pipcridihl-yl>propeaoyl 
2,5dioxo4imidazoIinyl 

I. LHRH Antagonist Peptides of the Invention 
In one aspect, the invention pertains to LHRH antagonist 

peptides. 
In one embodirueut, the invention provides a peptide 

comprising a structure: 

A-B-C-D-E-F-G-H-I-J 

wherein 

(SE0 ID NO 2) 

A is pyro-Glu, Ac-D-NaL, Ac-D-Gal, Ac-Sar, or Ac-D-Pal 
B is His or 4-C%D-Phe 
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C is Trp, D-Pal, D-Nal, L-Nal, D-Pal(N-0). or D-Trp 3 is Gly-NH2 or D-Ala-NH,; 
D is Ser with the ,proviso that at least one of F and H is Q; 
E is N-Me-Ala, Tyr, N-Me-‘Iyr, Ser, Lys(iPr), 4-C1-Phe, or a pharmaceutically acceptable salt thereof. 

His, Am, Met, Ala, Arg or He; In preferred embodiments, F is Q  and 2 is a cationic 
Fis S pyridinium moiety. In preferred embodiments, Z is an 

N-benzyl pyridinium moiety. In other preferred 
x Y embodiments, F is Q  and Z is a sulfonium moiety. In yet 

yt, 

other preferred embodiments, H is Q  and Z is a sulfonium 
‘N moiety. 

R 10 
0 

In a particularly preferred embodiment, the peptide com- 
prises a structure 

wherein Acsar4-CI-D-Phe-D-NaI-Scr=flr-D-Pal(Bzl) 

R and X are, independently, H or alkyl; and Ala-NH,; 

Y comprises a dipolar moiety; 15 
GisLeuorTrp; 

or a pharmaceutically acceptable salt thereof. 
In a particularly preferred embodiment, the peptide com- 

H is Lys(iPr), Gln, Met, or Arg prises a structure: 
I is Pro; and 
J is Gly-NH, or D-Ala-NH,; 20 

Ac-DNal-4-U-D-Phe-~T~Ser~~r-D-MctPro- 

or a pharmaceutically acceptable salt thereof. In preferred 
D-Ala-NH,; 

embodiments, Y is selected from the group consisting of or a pharmaceutically acceptable salt thereof. 
ylids, tertiary amine oxides, nitrile oxides, pyridine-N- In a particularly preferred embodiment, the peptide com- 
oxides, and pyridinium zwitterions. In particularly preferred p&es a structure: 
embodiments, Y is an ylid, a pyridine-N-oxide or a pyri- 25 
dinium zwitterion. In a preferred embodiment, the peptide Ac-DNal-~CI-D-Phe-DPal-~r~~r-D-Arg-~v-Met(S~e~Pro- 

comprises a structure: D-Ala-NH,; 

Ac-D-Nal-4-Cl-Phe-D-Pai-Ser-Ty-D-Pal(N-O~~u-Lys(iPr~Pr~ or a pharmaceutically acceptable salt thereof. 
DAla-NH,. In another aspect, the invention provides a peptide com- 

In a preferred embodiment, the peptide comprises a snuc- 
3o piking a structure: 

tllrez A-B-C-D&F-G-H-I-J (SEQ UJ No: 4) 

Ac-DNal-4-a-~Pae-DPal-Ser-Tyr-D-Psl(CH wherein 
s(iPr)-Pro-D-Ala-NH,; 35 A is p-Glu, AC-D-Nal, AC-D-pal, Ac-Sar, or Ac-D-Pal 

or a pharmaceutically acceptable salt thereof. B is His or 4Cl-D-Phe 
In another aspect, the invention provides a peptide com- C is Tkp, D-Pal, D-Nal, L-Nal, D-Pal(N-0), or D-Trp 

prising a structure: DisSer 
A-B-C-D-E-F-G-H-I-J (SE0 ID No: 3) 40 E is N-Me-Ala, ‘lyr, N-Me-Tyr, Ser, Lys(iPr), CCl-Phe, 

His, Asn, Met, Ala, Arg or Ile; 
wherein Fis 

A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or AC-D-Pal 
B is His or 4-CI-D-Phe X T 

C is Trp, D-PaI, D-Nal, L-Nal, D-Pal(N-O), or D-Trp 45 ‘N 
Disk R YI, 

0 
E is N-Me-Ala, ‘Iyr, N-Me-Tyr, Ser, Lys(iPr), 4-CL-Phe, 

Hi, Asn, Met, Ala, Arg or Ile; 
F is D&g, D-Lys(iPr), D-Pal@, D-Cit or Q, wherein 50 wherein 

Qhasastructure R and X are, independently, H or alkyb and 
T comprises a receptor-modifying moiety; 

x Y GisLeuorTrp; 

‘N 
ylf 

H is Lys(iPr), Gln, Met, or Arg 
55 

R IisPro;and 
0 3 is GlyNHa or D-Ala-m; 

or a pharmaceutically acceptable salt thereof. 
wherein In preferred embodiments, T is selected from the group 
R and X are, independently, H or allcyl; and 
Z comprises a cationic moiety selected fkom the group 

a0 consisting of ylids, sulfonium moieties, c&tlocarbonyIs, 
suIfste% sulfonates, alkyl halides and benzyl halides. In a 

consisting of cationic pyridinium moieties and sul- particularly preferred embodiment, T is an a-halocarbonyl. 
foninm moieties, with the proviso that the cationic In another embodiment, the invention provides a peptide 
moiety is not N-methyl pyridinium; comprising a structure: 

GisLeuorTrp; 
H is Lys(iPr), Gln, Met, Arg or Q; 

65 A-B-C-D-E-F-G-H-I-J (s@Qn,No:5) 

1isPro;and wherein 
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Ais pyre-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or AC-D-Pal 
B is His or 4-Cl-D-Phe 
C is Trp, D-Pal, D-Nal, L-Nal, D-Pal(N-0), or D-Trp 
D is Ser 5 
E is N-Me-Ala, ‘I’yr, N-Me-Tyr, Ser, Lys(iPr), 4Cl-Phe, 

His, Asn, Met, Ala, Arg or Ile; 
Fis 

10 

wherein 
R and X are, independently, II or alkyl; and 
M comprises an N-acyl hydrophilic moiety; 

GisLeuorTrp; 

15 

H is Lys(iPr), Gln, Met, or Arg 
I is Pro; and 

20 

J is Gly-NH, or D-Ala-NH,; 
or a pharmaceutically acceptable salt thereof. 

In another aspect, the invention provides a peptide com- 
prising a structure: 25 

A-B-C-D-E-F-G-H-1-J 

wherein 

(SE0 ID NO: 6) 

A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or AC-D-Pal 30 
B is His or 4-Cl-D-Phe 
C is Trp, D-Pal, D-Nal, L-Nal, D-Pal(N-0), or D-Trp 
D is Ser 
E is N-Me-Ala, Tyr, N-Me-qr, Ser. Lys(iPr), 4-C1-Phe, 35 

His, Asn, Met, Ala, Arg or Be; 
FiS 

x L 

\ 
+ R 

0 

40 

wherein 
R and X are, independently, H or alkyl; and 
L comprises a small polar moiety; 

GisLeuorTrp; 

4.5 

H is Lys(iPr), Gin, Met, or Arg 
IisPro;and 50 

J is Gly-NH, or D-Ala-w; 
or a pharmaceutically acceptable salt thereof. 

In preferred embodiments, F is selected from the group 
consisting of D-Cit, D-Asn, D-C& and D-Thr. In a particu- 55 
larly preferred embodiment, the peptide comprises a struc- 
ture: 

or a pharmaceutically acceptable salt thereof. 
In another particularly preferred embodiment, the peptide 

comprising a structure: 

or a pharmaceutically acceptable salt thereof. 

14 
In another aspect, the invention provides an LHRH 

antagonist, comprising a peptide having a sidechain modi- 
fied by a diiolar moiety forming a modified peptide, such 
that the moditied peptide has FHKH antagonist activity. In 
preferred embodiments, the dipolar moiety is selected from 
the group consisting of ylids, tertiary amine oxides, nitrile 
oxides, pyridine-N-oxides, and pyridinium zwitterions. in 
more preferred embodiments, the dipolar moiety is an ylid, 
a pyridine-N-oxide or a pyridinium zwitterion. In other 
preferred embodiments, lhe peptide comprises about 8 to 
about 12 residues. In more preferred embodiments, the 
peptide comprises 10 residues. In certain preferred 
embodiments, the dipolar moiety modifies residue 6. In 
certain preferred embodiments, the LHRH antagonist is a 
peptide mimetic. 

In another embodiment, the invention provides an LHRH 
antagonist, comprising a peptide having a sidechain modi- 
fied by a cationic moiety selected from the group consisting 
of cationic pyridinium moieties and sulfonium moieties, 
with the proviso that the cationic moiety is not N-methyl 
pyridinium, forming a modified peptide, such that the modi- 
fied peptide has LHRH antagonist activity. In preferred 
embodiments, the cationic moiety is a cationic pyridinium 
moiety. In other preferred embodiments, the cationic moiety 
is a sulfonium moiety. In other preferred embodiments, the 
peptide comprises about 8 to about 12 residues. In more 
preferred embodiments, the pepride comprises 10 residues. 
In other preferred embodiments, the cationic moiety modi- 
fies at least one of residue 6 and residue 8. In other preferred 
embodiments, the LHRH antagonist is a peptide mimetic. 

In another embodiment, the invention provides an LHRH 
antagonist, comprising a peptide having a sidechain modi- 
fied by a receptor-modifying moiety forming a modified 
peptide, such that the modified peptide has LHRH antago- 
nist activity. In preferred embodiments, the receptor- 
modifying moiety is selected from the group consisting of 
ylids, sulfonium moieties, a-halocarbonyls, sulfates, sul- 
fonafes alkyl halides, and benzyl halides. In preferred 
embodiments, the peptide comprises about 8 to 12 residues. 
In more preferred embodiments, the peptide comprises 10 
residues. In preferred embodiments, the receptor-modifying 
moiety modifies residue 6. In preferred embodiments, the 
LHRH antagonist is a peptide mimetic. 

In another embodiment, the invention provides an LHRH 
antagonist, comprising a peptide having a sidechain modi- 
fied by a hydrophilic N-acyl moiety forming a modified 
peptide, such that the modified peptide has LHRH antago- 
nist activity. In preferred embodiments, the hydrophilic 
N-acyl moiety modifies position 6. In preferred 
embodiments, a residue comprises a hydrophilic acyl moiety 
is selected from the group consisting of D-Lys(Imdac), 
D-Lys(Ppic), and D-Lys(Dodac). III preferred embodiments, 
the hydrophilic N-acyl moiety has a log P between -1 and 
+2. 

In another embodiment, the invention provides an LHRH 
antagonist, comprising a peptide having 8 small polar moi- 
ety in position 6, such that the peptide has L.HRH antagonist 
activity. In preferred embodiments, the antagonist has an 
AOA less than about 1 clg. In preferred embodiments, the 
antagonist has a histamine-releasing activity of at least about 
stcg. 

II. Pharmaceutical Compositiolls 
The LHRH antagonist peptides of the invention can be 

incorporated into pharmaceutical compositions suitable for 
administration to a subject. In a preferred embodiment, the 
pharmaceutical composition comprises an LHRH antagonist 
peptide of the invention and a pharmaceutically acceptable 
carrier. 
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A “therapeutically effective amount” refers to an amount 
cffcctivc, at dosages and for periods of time ncccssary, lo 
achieve the desired result. A therapeutically effective 
amount of an LHKH anlagonkt peptide of the pre.sent 
inventioo may vary according lo factors such as the disease 5 
state, age, sex, and weight of the individual, and the ability 
of the antagonist to elicit a desired response in the iodi- 
vidual. Dosage regimens may be adjusted to provide the 
optimum therapeutic response. A therapeutically effective 
amount is also one in which any toxic or detrimental effects ,” 
of the antagonist are outweighed by the thcrapcuticaliy 
beneficial effects. A non-limiting range for a therapeutically 
effective amount of an LHRH antagonist is 0.01 clglkg-10 
mgkg, preferably between about 0.01 and 5 mg/kg. It is to 
be noted that dosage values may vary with the severity of the 
condition to be alleviated. It is to be further understood that 

,5 

for any particular subject, specific dosage regimens should 
be adjusted over lime according to the individual need and 
the professional judgment of the person administering or 
supervising the administration of the compositioos, and that 2. 
dosage ranges set forth herein are exemplary only and are 
not intended to limit the scope or practice of the claimed 
composition. 

As used herein, “pharmaceutically acceptable carrier” 
includes any and all solvents, dispersion media, coatings, 25 
antibacterial and antifungal agents, isotonic and absorption 
delaying agents, and Ihe l&e that are physiologically com- 
patible. Preferably, the carrier is suitable for intravenous, 
inbamuscular, subcutaneous or parenteral administration 
(e.g., by injection). Depending on the route of 3o 
administration, the active compound may be coated in a 
material to protect the compound from the action of acids 
and other natural conditions which may inactivate the com- 
pound. 

A “pharmaceutically acceptable salt” refers to a salt that 35 
retains the desired biological activity of the parent com- 
pound and does not impart any undesired toxicological 
effects. Examples of such salts are salts of acids such as 
hydrochJoric acid, bydrobromic acid, sulfuric acid, pbos- 
pork acid, nitric acid, and the J&e; acetic acid, oxalic acid, ,+o 
tartaric acid, succinic acid, malic acid, benzoic acid, pamoic 
acid, alginic acid, methanesulfonic acid, oapbthalene.- 
sulfonic acid, and the like. Also included are salts of cations 
such as sodium, potassium, lithium, zinc, copper, barium, 
bismuth, calcium, and the like; or organic cations such as 45 
trialkylammonium. Combinations of the above salts are ako 
osefol. 

The LHRH antagonists of the present invention can be 
administered by a variety of methods known in the art. In a 
preferred embodiment, the LI-IRH antagonists are adminis- 50 
lered in a time release formulation, for example in a com- 
position which includes a slow release polymer, or by depot 
injection. The active compounds can be prepared with 
carriers tiat will protect the compound against rapid release, 
such as a controJled release fommkion, including impJaots, ss 
transdermal patches, and microencapsulated delivery sys- 
tems. Biodegradable, biocompatiile polymers can be used, 
such as ethylene vinyl acetate, polyanhydrides, polyglycolic 
acid, collagen, polyorthoesters, and polylactic acid. Many 
methods for the preparation of such formulations are pat- so 
ented or generally known to those skilled in the art. See, e.g., 
Sustained ami Controlled Release Drug Delivery Systems, 1. 
R. Robinson, ed., Marcel Defier, Inc., New York, 1978. 

The LHRH antagonists can be orally administered, for 
example, with au inert diluent or an assimilable edible 65 
carrier. The LHRH antagonists and other ingredients may 
also be eoctosed in a hard or soft shell gelatin capsule, 

16 
compressed into tablets, or incorporated directly into the 
subject’s diet. For oral therapeutic administration, the 
LHRH antagonists may be incorporated with excipients and 
used in the form of ingestible tablets, buccal tabJe&, troches, 
cap&es, elixirs, su.$ensioos, syrups, wafers, and the like. 
The Dercentazze of the LHRH antagonists in the conmosi- 
tionsand preparations may, of COW&, be varied. The akouot 
of the LHRH antagonists in such therapeutically useful 
compositions is such that a suitable dosage will be obtained. 

To admioister the LHRH antagonists by other than 
pareoteral administration, it may be necessary to coat the 
compound with, or co-adminisler the compound with, a 
malerial to prevent its inactivation. For example, the LHRH 
antagonists may be administered to a subject in an appm- 
priate carrier, for example, liposomes, ar a diluent. Pharma- 
ceutically acceptable dilueots include saline and aqueous 
buffer solutions. Liposomes include water-in-oil-in-water 
CGF emulsions as well as conventional liposomes (Strejao 
et al., (1984) J. N~WO~IWWW!. 71:27}. Pharmaceutically 
acceptable carriers include sterile aqueous solutioos or dis- 
persions and sterile powders for the extemporaneous prepa- 
ration of sterile injectable solutions or dispersion. The use of 
such media and agents for pharmaceutically active sub- 
stances is well known in the art. Except insofar as any 
conventional media or agent is incompaC%k with the active 
compound, use thereof in the pharmaceutical compositions 
of the invention is contemplated. Supplementary active 
compouods can also be incorporated into the compositions. 

Therapeutic compositions typically must be sterile and 
stable under the conditions of manufacture and storage. The 
composition can be formulated as a solution, 
microemulsion, Jiposome, or other ordered structure suitable 
to high drug concentration. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol, 
polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), and suitable mixtures 
thereof. The proper fluidity can be maintained, for example, 
by the use of a coating such as lecithin, by the maiotenance 
of the required particle size in the case of dispersion and by 
the use of surfactaats. In many cases, it will be preferable to 
include isotonic agents, for example, sugars, polyalcohols 
such as manitol, sorbitol, or sodium chloride in the compo- 
sition. Prolonged absorption of the injectable compositions 
can be brought about by including in the composition an 
agent which delays &sorption, for example, monostearate 
salts and gelatin. 

Sterile injectable solutions can be prepared by iucorpo- 
rating the active compound (e.g., LHRH antagonist) in the 
required amount in an appropriate solvent with one or a 
combination of ingrcdieots enumerated above, as required, 
foJlowed by filtered sterikation. Generally, dispersions are 
prepared by incorporating the active compound into a sterile 
vehicle which contains a basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation 
arc vacuum drying and freeze-drying which yields a powder 
of the active ingredient plus any additional desired ingredi- 
ent from a previously sterile-ftltered solution thereof. 

Dosage regimens may be adjusted to provide the optimum 
therapeutic response. For example, a single holes may be 
administered, several divided doses may be administered 
over time or the dose may be proportionally reduced or 
iocreased as indicated by the exigencies of the therapeutic 
situation. It is especially advantageous to formulate 
parenteral compositions in dosage unit fkmn for ease of 
administration and uniformity of dosage. Dosage unit form 
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as used herein refers to physically discrete units suited as 
unitary dosages for the mammalian subjects to be treated; 
each unit containing a predetermined quantity of active 
compound calculated to produce the desired therapeutic 
effect in association with the required pharmaceutical car- 
rier. The specification for the dosage unit Corms of the 
invention are dictated by and directly dependent on (a) the 
unique characteristics of the active compound and the par- 
ticular therapeutic elect to be achieved, and (b) the limita- 
tions inherent in the art of compounding such an active 
compound for the treatment of sensitivity in individuals. 

5 

sidered to have LHRH antagonist qualities if it inhibits 
ovulation in at least 50% of the treated rats at a dose of 5 & 
per rat. Preferred LHRH antagonists inhibit ovulation in at 
least 50% of rats at a dose of 2 a per rat, more preferably 
at a dose of 1 fig per rat, and still more preferably at a dose 
of 0.5 pg per rat. 

10 

III. Methods of Using the LHRH Antagonists of 
the Invention 

‘Ihe LHRH antagonist peptides of the present invention 
are useful for the treatment of such conditions as precocious 
puberty, prostate cancer, ovarian cancer, benign prostatic 
hypertropby, endometriosis, uterine fibroids, breast cancer, 
premenstrual syndrome, polycystic ovary syndrome, and 
diseases which result from excesses of gonadal hormones in 
humans or animals of either sex. The LHRH antagonist 
peptides of the invention are also useful for behavior modi- 
fication (e.g., “chemical castration”). The LHRH antagonist 
peptides are also useful for controlling reproduction in both 
males and females. Furthermore, the peptides of the inven- 
tion may be used to treat immunosuppressed patients, as 
described in, for example, U.S. Pat. No. 5,003,Oll. 

1.5 

20 
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Histamine-releasing activity was assayed by the method 
described in U.S. Pat. No. 4,851,385 to Roeske. Briefly, a 
suspension of rat mast cells was added to increasing con- 
centrations of an LHRH antagonist peptide and incubated 
for 15 minutes at 37’ C.The buff&r contained 25 mM PIPES, 
pH 7.4, NaCI (119 mM), KCl (5 mM), NaOH (40 mM) 
glucose (5.6 mM), CaCl, (1 mM) and 0.1% bovine serum 
albumin. The reaction wasstopped by ceotrifugation at 400x 
g for 15 minutes at 4’ C, and the supernatant assayed for 
histamine content by a published method (Siriganian (1974) 
Anal. B&hem. 57:383 and Sirieanian and Hook (1986) in 
“Manual of Clinical Immunolo&“, 3rd ed., N. R.‘Rose; H. 
Friedman, and J. L Fahey, eds., p. 808), or by a manual 
method which gave similar results. Maximal histamine 
release occurred rapidly, typically in less than one minute. 
No evidence of cell toxicity was seen for any of the peptides 
tested. The histamine-releasing activity of peptides is mea- 
sured as the ED,,, in ,&ml; a higher EDso represents lower 
histamine release. 

The AOA and histamine-releasing activities of several 
peptides are summarized in Table 1. 

Thus, in one embodiment, the invention provides a 
method of inhibiting LHRH activity in a subject, comprising 
administering to a subject an effective amount of an LHRH 
antagonist of the present invention, such that LHRH activity 
is inhibited. 

TABLE I 
30 

LHRH Antamk%. 

In another embodiment, the invention provides a method 
of inhibiting LHRH activity in a cell, comprising contacting 
a cell with an LHRH antagonist of the invention, such that 
LHRH activity is inhibited. 

I-J&a- 
CoUl- AOactivity mine 
wuad sestlence (ADA) retease 
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In another embodiment, the invention provides a method 
of inhibiting growth of a hormone-dependent tumor in a 
subject, comprising administering to a subject an effective 
amount of an LHRH antagonist of the invention, such that 
tumor growth is inhibited. 

In another embodiment, the invention provides a method 
of inhibiting ovulation in a subject, comprising administer- 
ing to a subject an effective amount of an LHRH antagonist 
of the invention, such that ovulation is inhibited. 

In another aspect, the invention provides a packaged 
formulation for treating a subject for a disorder associated 
with LHRH adivity, comprising an LHRH antagonist of the 
invention packaged with instructions for using the LHRH 
antagonist for treating a subject having a disorder associated 
with LHRH activity. 
Exemplification 

3342 

40 3343 

3344 

45 3361 

AC-D-Nail, 4-cca-phez, 
D--Pal3 D-ol#-““c&F 
D--Ala=bilULVA ’ 
Ac-D-NaI’, 4-Cl-D-Phe=, 
D-Pal’, D-Ad-Lqs(iPr)f 
D-AIC%&IRH.IFA 
AC-D-Nal’, 4.Cl-D-Phe2, 
D-Paz: D-TilP-L>$ii)~, 
D-Ala’*-L?SR?LTFA 
AC-D-Nai : 4-CkD-Phe2, 
D-PaP, D-cite-Lys(iii)‘: 
Pipg-D-Ala%ElRH.TFA 
Ac-D-Nal’. 4-U-D-Phe? 

3362 

50 

In the examples, the following abbreviations are used: 
Boc: N-t-butoxycarbonyl 55 3365 

HOBt: I-bydroxybenzotriazole 
MCPBA: m-chIoroperbenzoic &id 
DCC dicyclohexylcarbodiimide 

3366 

Anti-ovulatory activity (AOA) was measured by an in 
vivo assay in rats, as described in Corbin and Beattie, 
Endocrine Res. Commun. 2:l (1975). In brief, female rats 
are injected with a candidate LHRH antagonist on the day of 
proestrus; in general, the candidate LHRH antagonist was 
dissolved in 0.1% DMSO. The ability of the candidate 
peptide to inhibit ovulation is measured by determining the 
number of rats which ovulate. A candidate peptide is con- 

60 3367 

3368 

65 

A-NfS, 4-U-D-Pbe2, 
D--pal’, 
D-C&-Lys(iPr)“LHRKTEA 
AC-D-m*, 4-u-D-Phe*. 
J&P&, D-citQ$a(iPr)~, 
P$%iRIXTFA 
AeD-NaP, ccl-4LPlte=, 
D-pat’, D--Phc(4-NO#-Lya(iPr)q 
D-.4h%lXRH.-tFA 
Ac-D-N?d’, ‘la-thPb$, 
LLPaP, D-ctt~-Lys(iTr)q 
ProNHEt*-ddily’ 
AC-D+ L)-9-dtryl-Ala’, 
4-u-D-Phe*, D-PaP, 
D--W-L&PI)*, 
D-A@‘-LHRH.WA 
AC-L+ D)&ntltryl-Ala’. 
4Cl-D-Phe: D-Pa13, 
D-d-Lyt@r)‘, 
D-Ala’“-LHRH.‘Il’A 
Ac-D+r L)-Ada--Ala*, 
4-U-D-Phcz, WPaP, 
D-d-Lys(iir)) 
D-Ata’“-LI-IRH.‘IFA 

4no@l& 106 
UlO@2lcg 

2/10@2& 126 

S/lO@'lpg 62 

9/3O@l/rp 32 

1/8@5j43 131 

418 @ IJdg 22 

6l8@1~ 25 

6/s@lPg 14 

24 

Sl8@5Ki 34 
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TABLE I-continued TABLE I-continued 
LHRH Antagonists Lm /U,tfaROllists 

Hi&- 5 Hia- 
Com- AOnctiviLy mine corn- A0 activity mine 
pOWId Srquenct! (AON r&ase pwxl Scqaencr (AON relaw 

3369 

3423A 

3428 

3429 

3430 

3431 

3432 

3433 

3434 

3435 

3436 

3437 

3438 

3439 

29% 

3440 

3441 

3442 

3502 

3.503 

3504 

35.52 

3505 

AC-L(or QAda-Ala’, 
&CI-tLlw, D-M, 
D-Cit6-Lys(iPr)8, 
D-AIP-LHRH.TFA 
Ao-D-Nal’, 4-cl-D--ebe~, 
D-pal’> >Lys(Glc)“-LHiPr)‘, 
D-Ala’“-LHJW.TPA 

AC-D-&l’, 4-CI-D-Phe2, 
D-Pat’, D--pal(l-B~)~, Lys(iPr)*, 
D-Ala’“-J&JRH.TFA 
AC-D-Nal’, 4-C1-D-PheZ, 
LX-Pa13, D-Pal(Bzl)*, Lys(iPr)‘, 
D-Ala’“-LHRH.‘IFA 
AC-D-Nal’, 4.Cl-D--Pbe2, 
D-f@, P&, D-Pal(iPr)6, 
J..ys(iPr)‘, LS-Ald**LHRH.TFA 
AC-D-Nat’, 4-Ci-D-Phe2, 
D-Pal’, Cit5, D--Cit6, 
Lys(iPr)*, D-Ala’“~LHRH.TPA 
AC-Lk-Nal’, 4-Cl--p-Phe’, 
D-w, PaP, D-Cite, 
Lys(iP r)‘, Lb-Ala’“LHRH.TFA 
AC-D-M’, 4-Cl--he’, 
D-FM Cit’ 3 , D-Pal6 3 
Lys(iir)*, t?-Ala*“~LHRH.TFA 
AC-D-Nal’, 4-Cl-D-&'he', 
D-Pal”. Ad. n+. 
D--Ci16; Lys(ii$, ’ 
E--AW0-L13JSZ.TFA 
AC--D--Nat”, 4-Cl-D-Phe: 
D-FM”, cit5, D-Pal(i)q 
Lys(iPr)‘, D-A~I’~-JSRH.TFA 
Ac-D-NaI: 4-Cl-D-Phe*, 
D-P&, D-HomoAr&NO& 
Lys(iir)‘, D-AJa’“-LHRH.TFA 
AC-ILNsl’, 4-Cl-D-Phe*, 
LJ-F’d:: D-Ly~(Glycdyl)~. 
Lys(iir): D-Ala’“-LHRELTPA 
AC-D-4@, -heZ, 
D-Pal’, D-LF(iPrPic)‘, 
Lys(iPr)‘: D-AJs’~-~.TFA 
AC-D-Nd’, 4-C&D-Phe2, 
D-w’, D-Lys(HomoFro)*, 
w@.-Y4.~~~h~; 

Jl-ed’: D--pal(iep* 
Ly~(iir)~, ~a’“-JXRH.TFA 
AC-D-Ndl, 4-Cl--V-fhez, 
D-e@, l%Ly@-Pyri~eetic)~, 
Lys(iir)‘, D--da%HRKTFA 
Ac-Jl-Nai’, +U--D-?hCz, 
LLed: D-J&c1Nic)*, 
Lyd,iir)*, D-Alalo-LKRHTFA 
AC+PM-d’, 
4-u-bet, D-Pal’, D-Cite, 
Lys(iPr): D-Ala’%HRH.lYA 
AC-D-NfJl’, 4-C&D-Phe2, 
D-pals, J..yd-Y, D-Lys(otac)6, 
Lys(iPr)‘~ D-AJa%HRH.WA 
Ac+D-Nal: 4-Cl-D-Pb.c=, 
l+lw, Lyso5, D- 
Lys(ONic)6, Lys(ipr)‘: 
D-Ahl%HJUUFA 
Ah-D--Nat’, 4-Cl--D-Phez, 
D-pa1’7 Lys(PyL)s J--Y*)? 
Lys(iir): D-Ala’“UJRH.TPA 
Ac-D-Nal’, 4-CI-D-Phe2, 
D--pals, D-Gh6, Lys(iPr)8, 
D-&%HRH.TFA 
AL+D-Nal’, -hC*, 

?!5QSJ4J 93 

7no Q 52 
0.5 #.s 
UlO@Jlrg 
o/10 @ 2 1(8 
l/8 @ 1 PIJ 

O/S @ 1.q 6.0 
4% @ 0.5 *g 

3/8@1& 10 

3506 

1U 
3553 

3507 

15 

3508 

3509 

20 

3510 

3511 

2.5 
3543 

3563 

30 

3540 

35 3541 

3554 

40 3542 

3565 

45 3551 

3544 

50 
3s55A 

3564 

5.5 
3545 

3550 

6o 3549 

3545 

6.5 3566 

AC-D-Nat’, 4-Cl-D-PheZ, 
D-m’, D-Lys(Gulonyl)q 
Lys(ii)*, D-A~I’~-LHRH.TFA 
AC-D-Nal’, 4-U-D-Pk2, 
D-pal’, D-Lys(iiNic)5, 
D-I.ys(iirNic)6, Lyr(iPr)‘, 
D-Ala”-LHRH.TFA 
AC-D-Nd’, 4-Cl-D-Phc: 
D-Pal’, D-Lys(ONic)6 
Lys(iir)*, JS-Ala%HRH.TPA 
Ac-D-Nal’, CCkD--Phe*, 
D-Pal’, D-LyE(Olk)~ 
Lys(ir)*, D-Ala’“~LHRH.TFA 
AC-D-Nal’, 4-Cl--D-Phe2, 
D--m:: n-Lys(Pyq 
Lys(iPr)*, D-AJa’“-LHRWTFA 
AC-D-Nd’, 40-D--Phe*, 
D-F@, Lb-Ly~(nBuNk)~, 
Lys(iPr)B, E--Ala’“-LKRH.TFA 
AC--D-Nal’, 4-Cl--5--Phez, 
D-Pal’, L3-Gl~(Amp)~, 
Lys(iPr)’ Lb-Ala’“-LHRH.TFA , 
AC-D-Nal’, &Cl-D-Phc*, 
D-Fe, D-Glu(Dca)q 
Lyx(iPr)*, D--x~I~‘~-LHRH.TFA 
Ac-D-Nal’, 4-CI-D-Phe2, 
WaP, Lys@Glu)5, 
D-Lyz-Glu)b, Ljs(iPr)*, 
D-Ala’“-LHRH.TE4 
AC-D-Nd’, CU-D-Phe: 
D-M: N=Mc--Tyr, 
D-eal(ier)*, LyS(iPq, 
Lb-Ala’“-LHRH.WA 
AC-D-Nd’, C%4c4CLPhc?, 
D--pals, N-Me-~, 
D-Pal(iir)q Lys(iP#J, 
D-Ak’“-LHRH.WA 
Ac-LL-Nal*, 4-Cl-D-Phe2, 
D-m: Ly+Na)6 
Lys(iP# D-AJa’%HRkL?FA 
AC-D-Nd’, -he*, 
J+eaP, D-Glu(n?G)~, 
Ly~(iPr)~, D-AJa’%HRH.ZfFA 
Ac-D-Nalj 4-Cl--fb-Phe2, 
D-FM: D-l.p(oxa)*, 
Lys(iPr)*, D-Ala’“-LHRf3.ZTFA 
Ae-D--Nat=, 4-Ck-E-Phe=, 
D-Pal’, Lys(CNaj’, D-L~s(CN~)~, 
Lyle, D-Ala o-LHRfL2Tk?A 
AC--D--Nat*, 4-Clue: 
W&, Lys(Cm~, 
D-LyS(CJNic)~, Lys@q, 
D-AM*-l.HRH.mA 
-al’, 4-U-D-Phe*, 
--a> D--L9po6, 
Lys(iir)‘, D-AJa’D-LHREUTFA 
AC-D-Ned’, W3-E-Plt~, 
D-PaI~, ll--Glu~is)*, 
Lys(iPr)‘, D-AJa’%WUTFA 
AC-D-NaP, 4-Cl-LU’he2, 
D-PaP, D-ohl(ier)*, 
Lys(iPr)‘, D-Ala%XWi.2’TPA 
AC-D-Nd’. 4-U-D--Phe=, 
D-Pal~, D-3u(cser)*, 
Lys(iP~)~, D--Ala’“-LHRH.2TFA 
AC-D-Nal’, 4-Cl--D-Phe=, 
e-pats, D--Ghtob 
Lys(iPr)*, D-AJa%HRH.2TFA 
A&N&, bct--+)--pht.=, 
D-f-al: Lg. D-eal(ii)q 
Lys(ii)=, D-AJa’“-MRl%4TPA 
Ac-lhNal’, .%CkD-Ph$, 
-all, LYSwe, 
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TABLE I-continued TABLE I-continued 

LHRH Anla,x&ts LHRH Antamdsts 

I&a- 5 H&la- 
CODl- A0 atxivily mine Corn- A0 activily mine 
pMlnd seqwncc (AOA) rdease pound Sequenw W W  rrkase 

3567 

3568 

3547 

3569 

3546 

3570 

3571 

3572 

3721 

3722 

3723 

3740 

3741 

3742 

D--pal(iPq, Lys(@, 
D-Ala’D-LIIRII.3TFA 
AC-D-NaI’, 4-Cl-D-Ph$, 
IL-I’d’, Lys(Acy, &-Pal(i)6, 
Lys(iir)$ D-Ala’QiRH.3l’FA 
AC--D-Nal’, 4-ct-D-phe’: 
D-Pal’, D-GIu(DEGA)“, 
Lys(iPr)*, D-Ala”-LHRH.2TPA 
Ac-D-Nat’, 4-CI-D-Phc2, 
D-F@, Lys(Nic)‘, 
D-Pal(Bzl)*, Lys(iPr)s, 
D-Ala’“-LHRH.3TFA 
AcD-Nal’, 4-Cl-D-PheZ, 
D-Pal’, Lys(Acy, Wal(Bzl)‘, 
Lye*, D--Al~‘“-LHRH3TFA 
AcD-Nal’, 4-Cl-D-P@, 
D--Pat’: Lys(TFAc)‘, Lys(iPr)‘, 
D-AIR’*-LHRHJTFA 
AC-D-Nal’, 4-Cl-D--PhcZ, 
D-Pal’, Lys*, D-Pal(Bzl)q 
Lys(iPr)’ , D-AlaLo-LHRH 3TFA 
AC-D-N&, 4-Cl--lbPhe2, 
b-Pal’, Lys(iPr)‘, D-Lys(Nic)“, 
Lys(iPr)‘: D-Ala“‘-LHRH.3TFA 
Ac-D-Nal’, 4-C]--Whe’, 
D-Pal’, Lys(iPr)s, 
D-Lys(Pic)‘, Lys(iPr)*, 
D-Ala*“-LHRH.3TFA 
Ac-D-NaI’, 4-Cl-D--F’he*, 
D-P&, Lys(TFAg, 
D--LysO-M46> LysCW: 
D-Ala’“-LHRH.2TFA 
Ac--al’, -he*, 
War’, Lys(iP$, 
4-U-D-Phe”, Lys(iPr)‘, 
D-AIa’“-LHRH.3TFA 
AC-D-Nat’, -he*, 
D--pal’, Lys(iir)s, 
D-Nd< Lys(iPg, 
D-AP-LHRRmA 
Ac-D-NaI’, 4-C!l-D-Phe*, 
D-WI’, LY@r)l: 
---J$-W&~~l=S 

- . 
A*D-Nal’, 4-Cl-D-Phe2, 
D-P&, Lys(ii~, 
D-Lys(cYIhc)q Lya(iPr)S, 
D-4P-LHRH~A 
AC-D-Nal’, eCI-D-Phe*, 
D-P&, w, 
D-fw~e&m~ 

A@-D-NaI~, &I-LLPhe2, 
D--psp, LYw@* 
D-Pd(iPq, Lys(iPr)*, 
D-Ala*-LRRH.m 
AWD-IW’, 4-a-D-se: 
J&Pal=, D-Lys(3-A-Pro)‘, 
Lys(iPr)*, D-AIs”‘-LHRE+TFA 

6!8 @  1 pg 

418 @  1.0 

AC-D-N&l4 U-D-Phe: D-M’, 8/8 @  5.0 
D-Lys(Ac--D-Nal’. 4- 
U-D-3he: D-Pal’, SW)~, 
I&I&)~, IbAIa’%HRH.TFA 
AC4l--Qd’,4-Cl-D-Pbc2.~, 718 @  1.0 
p-psi’. D-4djW6> 
Lys(Z~r)~, D-Ala %IRI-I.TPA 
Ac-D-Qal: 4-Cl-D-Phe”, 6/8 ~$3 1.0 
D-M’, D-Lys(Ac)‘, 
I.y~(iPr)~, D-Ala’~-LHRRTPA 
Ac-D-NaP, &U-D-PhG, 118 @  I.0 
D-Pal’, D-Lys(Imdac)6, 4s(ijn, 6#@0.5 
D-4&LHR?L.lFA 
A-MI’, -he*, 6/S @  1.0 

10 3743 

3753 

3744 

2o 3745 

3755 

2.5 3756 

3757 

30 3758 

3759 

35 
3760 

3761 

4o 3762 

3763 

45 3769 

3770 

50 3771 

3772 

5.j 3773 

3m 

M) 3786 

3787 

3800 
65 

D-Pals, D-Lys(Dodac)‘, Lys(iPr)‘: 
D-Ala’“-LHRII.TFA 
Ac-D-Nal’, 4-CbD--Phe*, 
D--Pal’, Se?, D--Fa&iir)6, 
Lys(ir)*, D-Ala*%HREZIFA 
AC-D-Nal: 4-Cl-D-Phe?, 
D-Pal’, D-Lys(iPr)‘, 
D-LW=+‘+, LyGPrr: 
D-Ala’%HRH.2TpA 
AC-D-N&, 4-C!-D-Rx*, 
D-Pal’, His%--Pal(iPr)6, 
Lys(iPr)s D-Ala’“-LIERH.2TFA 
AC-D-Nal’, CCI-D-Phe*, 
D-Pal), Am’, D--fal(ir)6, 
Ly~(iir)~, I%-Alal’-LHRHZTFA 
AC-D--N&, 4-CI-D-Phe2, 
D-Par, Lys(iP$, D-Lys(4HBc)‘, 
Lys(iPr)‘, D--A~A’~-LHRH.~TPA 
AC-D-Nat’, 4-C1--D-Phc2, 
D--Pal’, Mep, D--Pal(iPr)6, 
Lys(iPr)‘, D-Ala’“-LHRH.2TFA 
AC-D-Nsl’, 4CI-D-Phe*, ^ _ 
D-Pk’, D-P&, Ala’, D-Pal(iPr)q 
Lys(iPr)*, D-Al~‘“-LHRH.2TFA 
AC-D-Nal’, 4-Cl-D-Phez, 
D-Pal”, N-Me-Alas, D--F’aI(iPr)‘, 
Lys(iPr)‘, D--A~?-LHRH.~TFA 
AC-D-Nail , 4-G-D--Phez, 
D-Pal’, D-Lys@Iippic)b, 
Lys(iPr~*, D--Alalo-LIIRH.‘ITA 
D--P&, D-Lys(Hippic)6, 
At-D-Nal’, 4-CI-D-Phez, 
D-Pal’. D-Lys(AcGly)? 
Lys(;Pr)B, D-Ala%.HRH.TFA 
At-D-Nal: 4-Cl--D--phe*, 
D-Pal’, D-LysQic)‘, 
Lys(iPr)*, D--Ala’ -LHRI&TPA 
Ac&Nd’, 4G-D-Ph~, 
-f-d’> D--Lyats)6, 
Lys(iPr)‘, D-Ala*%HRH.TFA 
Ac-D-Nal’, CCI-D-Phe: 
D-Pal’, D-Lys(0rc+Ic)~, 
Ly~(iPr)~, D-Ala’*-UiRELTFA 
Ac--Sd,4-a-D4'he2, 
D-NaP* wPalm)6, Lys(IPq$ 
D-Ala’%XlWIXFA 
AC-L%=, 4Cl-D-Pti, I-l-Na13, 
D-PaI(Bzt)*, Lys(IPr)‘, 
D-AIa’“-LHRIi.2TFA 
Ae-D-NaI: 4-c3-D-Pbe~, 
D-P&, D-Pal(cH,cooH)6, 
L&Pr)‘, D-Ala’“-LSIRH..~A 
Ao-D-Nail’, KI-D-Phe=, 
D--w, D-Iyso’l, 
Lys(iir)*, D-Ala“‘-LH.RH.TPA 
AC-Sal’, 4-Cl-D-Fhez, 
D-I-NaP. D-Pal(iPr~, 
Ly+Pr)*, D-Ala’“-LHRHJTFA 
AC-tar’, 4-a-D-PIG, I&w, 
D-Pal(ipr)S Lyaw, 
D-Alai”-LHRfLZ’I’FA 
Ac-D-Qal’, 4-CI-D-Phti, 
D-PaP, sLy@uIlonyl)6, Lys(iir)*, 
D-AIa’“-LBRH TFA 
A-al’. -&-D-Phe2, 
D-I@, I3--Iw(N--u)~ 
Lys(iPr)‘, D-Ala%HRH.TFA 
Ac-D-Qal’, 4-Cb-D-Phe’, 
D-F&, wI..ys,,i)“t 
Ly~(iir)~, D-Ala’ -LfIRH.TEA 
A-‘, 4CI-D-E%=, 
D-pal’, D--rys(lmdac)d 
Lys(iir~ D-AIa’“-LHRH.TFA , 

818 Q 3.0 

7/8 @  1.0 

518 @  1.0 

Y/8 i@ 1.0 

6/8 @  1.0 

718 ‘2 1.0 

6/S @  1 .O 

718 @  1.0 

$03 @  1.0 

s/s @  1.0 

Ml @  1.0 
718 @I OS 

7/a @  1.0 

6/8 @  1.0 

4/s @  1.0 102’, 
76b 

6/S @  1.0 

6/s @  1.0 
0-l DMSO 

7/a @I 1.0 

s/8 @  1.0 

71s 63 1.0 

718 @  1.0 
0.1 DMSO 

4/8 @  1.0 

-l/s @  1.0 

718 @  1.0 
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TABLE I-continued TABLE I-continued 
LHRJ3 Anta,wnista L4iRH Antapoaiats 

Hida- 
corn- A0 activity mine 
Jmmd SSpCllW (AON release 

3801 

3802 

3803 

3804 

3827 

3828 

3829 

3852 

3853 

3854 

3855 

38.51 

3882 

3880 

3878 

3881 

3879 

3926 

3925 

3941 
3942 
3948 

39498 

39m 

3961 

AC-D-M’, 4-C~D-Fhcz, 
D-Pal’, D-Lys(Onic)‘, 

8!8 @  1.0 

Lys(iir)B, D-Y~J~‘~-LHRH.‘IFA 
AC--IMst’, 4-U-D-Phc: s/n @ 1.0 
D-eal’, D-Lys(Olac)~, 
Ly~(iir)~, D-Ata’%HRH.TPA 
AC-D-Nal’, 4-Cl-D-Phe’, 2,s @  1.0 
D--pal’, D-Ly~(Dodac)~, 
Lys(iPr)*, D-Ala”-LHRH.TFA 
Ac-D-Pat’, 4-W-D-Phc*, S/8 @  1.0 
D-Fat”, D-Pal(iPr)b, 
Lys(iPr)*, D-Ala’“-LHRH.2TPA 
Ac-D-Nal’, 4-Cl-D-PheZ, 4!8 @  1.0 
D-Pat’, N-Me-Ty?, D--A&, 
Lys(iPr)‘, D-Ala”‘-LHRH.TFA 
Ac-D-Nal’, 4-U-JI--Phe’, 4,‘8 @  1.0 
D-Pal’, N-Me-Ty?, 
D-Ly3(Oric)a, Lys(iPr)‘, 
D-Ala’“-JXRH.TFA 
AcD-Nal’, 4-Ct-W-Phe*, 8/S Q 1.0 
D-Pal’, N-Me-Ty?, l&-Ly~(Ac)~, 
LvskPr)‘. D-Ala’“-LHRH.TFA 
k%-kal’, 4.CkD--fhe*, 
D--Pata, Lys(iPr)s, D-Hi.?, 
Trp’, Om’, D-Ala”-LHRH.TFA 
AC-D-W’, 4-CI-U-Phe*, 
D--Pat”, His’, LI-Arg’, 
TV’, Ora’, D--Ala’“-LHRH.TFA 
AC-D-&J’. 4-Ct-JGPhe=, 
JGPa1q A$, D-His4 
Trp’, Om* LI--AJa’“-LHRH.TPA 
Ac-&al’, 4Ck-D--PheZ, 
D-e&, Lys(ii~, D-T@, 
Trp’, Om* Dv~I~‘~-LHRH.TFA 
AC-&al’, &Z-D-Phc=, 
D-Pal’, 4-Cl-F@, D-Pat(iPrlq 
Lys(tP~)~, D-Ata’%HRH.2TFA 
AC-D-Nal: 4-Ct--D-PheZ, 
Lb-Pal(N-O~, D-Pal(iPr)6, 
Lys(iPr)*, D-Ata’“-LHtXZI’PA 
AC-D-NaP, 4-beq 
Isap:: D-&&!a, MOP, 
D-Akl%.HRELTFA 
AC-LL-Na1: 4-c1-J+etle=, 
~~~~%&WW 

AC--D-Nat’, 4-CkD-Phez, 
D-T+, 5Met6, 
D-AkP-LHRH.WA 
AC-D-Nell, -llez, 
D--W:b” 

AC-D-N@, 4-m-D-Pbe: 
-P~~~-$u-~~’ 

Ac-D-NaP, -he2, 
D-Tip’, D-Met(S+Me)6, 
Met(S+Me)‘, D-Al#‘--2TFA 
Met(S'M+LHRHTFA 
Lys(COC.&Br~-LHRH 
AC-D-Nalf, 4-CI--D-F’he*, 
D-w=; D-LYSKxmwO~ 
D-Ak?-LFEGLTFA 

8:8 @  S.0 

018 @  5.0 

6’8 @  5.0 

4,s @  1.0 

O/8 @ ’ 1.0 
618 @  0.s 

6,‘8 @  1.0 

8/s @  1.0 

2.8 @  1.0 
718 @  0.5 

7l8 @ 1.0 

O/8 @  1.0 
6/8@05 

6l8 @  1.0 

5/a @  1.0 

S/8 @  50.0 __ - __ - 
WI @  50.0 
tow activity 

AC-D-N&, -hc’, 
JI-P&, J.I-Lys(2pyfimidyI- 
thto)aatic)6, Ly@l)a, 

S/8 @ 1.00 

4/8@200 
3/8 @  1.00 

42’. 
396 

4.18, 
5.46 

13=, 
9 

10 

15 

20 

2s 

30 

35 

40 

4.5 

50 

55 

60 
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3967 

3968’ 

3969 

3982 

3983 

3984 

3983 

3994 

3995 

4014 

4015 

4016 

4013 

4023 

Ac43-Nsl: 4--CI--CkPhc2, 
D-fat’, D-Met(S+CH,)6, 
D-AIa’“-UXRR2TFA 
AC-D-Nd’, +U--D-Phe*, 
D-Pal’, DwMct(S+CH&OPh)6, 
D-Al&LHRHZTFA 
Ac-D-Nal’, 4-CJ--D-Phez, 
D-Pal’, D-Dap(COCH2S+Me,)“, 
5AlP*LHRH.ZTFA 
At-D-NaJ’, 4-Ct-D--Phe2, 
D-Pat), His%-Pal(iPr)q Lys(ttry, 
D-Ata’“-LHRH.2TFA 
AC-D-Nat’, 4-Cl--D--Phe2, 
D-pat’, &-A@, Met(S’Me)‘, 
D-Ata’“-LHRH.2TFA 
AC-D-Nat’, CCJ-U-Phe: 
-TV’, 
D-Met(S3’ CH+ZH=CHa’, 
D-Ala10-LHRH.2TFA 
AC-D-N&, +CI-D-Phe2, 
D-Pal’, D-Aq$, 
Om(COCH,S+Me,j*, 
D-Ala”-LHRH.2TFA 
AC-D-Nat’. 4-C1--D--Phe2. 
D-Pat’, D--k& Or&OCti2SMe)a, 
D-At~‘“-LHRH.2TFA 
AC-D-Nal’, 4-C1-L%.PheZ, 
D--Pal: D-A&, Met“, 
D-Alalo-LHRH.TFA 
AC--D-N&, &%-D--Phe=, 
D-PaP, B-L~s(COCH~+M~~~, 
D-Ala’“-LHRHATFA 
Ac-D-Nal: 4-Cl-U-Phe*, 
D-Pap, D--h& 
Lys(-s-edB, 
D-Ata’“-LHRH Zl-FA 
AC-D-N&, 4-&-C-Phe2, 
l&Pal: D-Met(S+Me)‘, 
M.~~(S*MC)~, D-Ala“‘-LHRFL.nrr;A 
AC-D-N&, 4-Cl-D-Phez, 
D-Pal’, D-Om(tXJtJH&+Mc~6, 
D-Al~Q,HRH.ZIFA 
AC-D-Nail: 4-CJ-U-Phe2, 
LL-PaPD-A@, 
~PKQWS+M~~ 
D--Ala’O-LHRH.‘ZPA 

118 @  0. s 033e, 
718 f@ 0.25 0.15' 

4/E Q 1.00 

3/8 @  1.00 

818 @  1.00 

O/8 @  1.00 
8/S @  05 
3/E @  1.00 

O/8 @  1.00 4.4’, 
0/S @  0.5 3.8@ 

618 @  1.00 

5B @ 1.00 

O/8 ~$2 1.00 

l/8 @ 1.00 

618 (9 1 .OO 

018 @  1.00 

o/8 @ 1.00 

UC, 
33d 

5.35% 
1.32h 

l - Mass spectral analysis did not am&m the structure, Nat arg (reference) 
histmincreleamvalues:a-0.11. b -0.14.c-0.2S.d -0.11-e- 0.1-f I 

’ ’ ’ 0.02, g - 0.1, h - 0.02 

Sulfonium moieties confer high AOA on peptides when 
incorporated at position 6 (e.g, compound 3879) or positiou 
8 (e.g., compound 3983). Componnd 3925 (with two sulfo- 
nium moieties) showed low histamine release. Both a&y1 
and a-(sulfonium)carbonyl moieties (e.g., componnd 4023) 
are efkctive. Prelimmary experiments with LHRH agonists 
and antagonists suggest that compounds incorporating a 
bromoacetyl moiety are bound to the receptor and are not 
removed by repeated washing. 

Certain peptides which have an N-alkyl pyridinium moi- 
ety at position 6 are unexpectedly active (e.g., compound 
3851) in the AOA assay. Some have very Little bistamine- 
releasing activity (e.g., compound 3763) compared to the 
standard, NabArg. These results are unexpected in light of 
the previously reported AOA activity and histamine- 
reIeasing qualities of N-methyl pyridinium compounds. 

Dipolar moieties generally exhibited modest AOA. Com- 
pounds including Lys(Oni#’ exhibited favorable qualities; 
one (compound 3828) showed low histamine releasing 
activity, and compound 3507 showed high AOA. 
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Several peptides having acylated lysine at position 6 were 
tested, and showed good A0 activity (e.g. compounds 3741 
and 3760). 

Compounds having a small polar moiety at position 6 
exhibited favorable combinations of AOA and histamine- 
releasing activity. For example, compound 3827, which has 
D-Asn (a small, hydrophilic moiety) at position 6 showed 
moderate A0 activity. Compounds 3341, 3342, and 3343 
having D-Gln, D-Am, and D-Thr, respectively, combined 
moderate AOA with very low histamine release. Compound 
3361, which bad the taurine amide of Glu at position 6, also 
showed very low histamine release. Compound 3369, which 
had D-Cit at position 6, also showed low histamine release. 

All of the analogs listed in Table I can by synthesized by 
the solid phase method using an automated synthesizer (e.g., 
Beckman Model 990). The amino acid residues used can be 
purchased from commercial sources (e.g. Aldrich Chemical 
Co., Milwaukee, Wis.), or can be produced from commer- 
cially available starting materials according to known meth- 
ods. For example, pyridinium-N-oxide can be produced by 
oxidation of the corresponding pyridine with, e.g., peroxy- 
acids such as mCPBA (see, e.g., Example 3, infra). Pyri- 
dinium moieties, for example, N-beozyl pyridinium 
compounds, can be produced by N-alkylation of the corre- 
sponding pyridine, e.g., by heating in an inert solvent with 
benzyl bromide (see Examples 1 and 2. infra). Similarly, 
sulfonium and phosphonium salts can be produced by S- or 
P-alkylation of a sulfide or phosphine, respectively, with an 
alkylating agent such as, for example, methyl iodide. Amino 
acids which are not obtained commercially can be synthe- 
sized in a protected form for coupling, or, if appropriate, can 
be coupled to form a peptide and subsequently modified to 
the desired form. 

EXAMPLE 1 

Synthesis of Boc-D-Pal(Bz1) Hydrobromide Salt 

Boc-D-Pal(l.36 g, 6.0 mmol) was suspended in 60 ml of 
acetonitrile. Benzyl bromide (about 50 mmol) was added 
and the mixture was warmed to 50’ C. on a water bath. A 
clear solution resulted, and was stirred at room temperature 
for 16 hours. Awhite precipitate formed, TLC after 17 hours 
showed some starting remaining starting material; stirring 
continued for a total of 5 days, when the reaction was 
complete. The solvent was evaporated under reduced 
pressure, and the residue recrystallized from EtOWethyl 
acetate. Yield: 8.5%; m.p. 166”-170” C. 

EKAMPLE2 

Synthesis of Boc-D-Pal(iPr) 

Boc-D-Pal (4.0 g, 17.7 mmol) and Agr+O (8.0 g, 34.4 
mmol) in 22 ml water was stirred at room temperature for 4 
hours. The reaction vessel was cooled to 0’ C., and 
2-iodopropane (28.4 g, 120 mmol) in 40 ml 2-propanol was 
added. After addition was complete, the mixture was 
allowed to warm to room temperature and stirred for 4 days. 
Additional A&O (2 g) and 2-iodopropane (2 g) were added 
after 24 hours and again after 48 hours. The mixture was 
filtered, and the precipitate was washed with ethanol (2x15 
ml). The filtrate was evaporated to yield 4.3 g of a yellow oil. 
Crystallization from ethanol/ethyl acetate gave light yellow 
crystals (3.0 g); Yield: 631, m.p. 182”-185” C. 
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EXAMPLE 3 

Synthesis of Boc-D-Pal(N-0) 
Boc-D-Pal (2.0 g, 7.5 mmole) was dissolved in 40 ml 

acetone and 2.48 g (16.5 mmol) of MCPBA (.57-86%, 
purchased from Aldrich and used as received) in 80 ml 
acetone was added in one portion. The mixture was stirred 
at room tcmperaturc for 40 hours; a small amount of white 
precipitate formed as the reaction proceeded. ‘ihe precipi- 
tated-was filtered and the mother liquor evaporated to yield 
a white precipitate. The combined solids were washed with 
ether (to-remove chlorobenzoic acid) and recrystallized from 
ethyl acetate/hexane. Yield: 1.7 g (80%); m.p. 155*-157“ C. 

EXAMPLE 4 
A typical coupling cycle for peptide synthesis with Boc- 

amino acids on a peptide synthesizer (Beckman Model 990) 
was as follows: 

Methylbenzyhydramine (MBHA) resin (1.18 g, 0.85 meq 
amino groups/g resin) was weighed into the reaction vessel 
and washed with two portions of chloroform (26 ml each). 
The resin was prewashed with 22% thioanisole (5 m1)/66% 
trifluoroacetic acid (TFA) in 14 ml dichloromethane (DC&i) 
for 5 minutes, and then deprotected for 30 minutes with the 
same thioanisolemA mixture. The resin was washed with 
three portions of chloroform (20 ml each), two portions of 
2-propanol(26 ml each) and two portions of DCM (26 ml 
each). The resin was neutralized with two portions of 12% 
diisopropylethylamine (DIPEA) (26 ml each), and then 
washed with four portions of DCM (26 ml each), followed 
by two portions of 1:l DCMdimethylformamide (DMF) (26 
ml each). Asolution of a Boc-protected amino acid (2.5 mole 
equivalents) and HOBt (25 mole equivalents) was intro- 
duced as a solution in 10 ml DMF, and DCC was added (256 
mg in 6 DMF). Coupling was allowed to proceed for three 
hours, or overnight. Hindered residues (e.g., backbone 
N-methyl amino acids) required longer coupling times. The 
resin was washed with two 26 ml portionsof DMF, followed 
by two 26 ml portions of 2-propanol and then two 26 ml 
portions of DCM. Completion of coupling was assessed by 
Kaiser’s test (ninbydrin test). If coupling is not complete, a 
double coupling was performed (i.e., the resin was neutral- 
ized aa above and the couphng step repeated). When com- 
plete coupling is achieved, the cycle was repeated with the 
next amino acid. 

Upon completion of the synthesis, the peptide was 
cleaved from the resin by treatment with Liquid hydrofluoric 
acid (HF) for 45 minutes at 0” C. The HF was evaporated 
and the peptide treated with aqueous acetic acid and lyo- 
phi&ad. The crude peptide was then purified by high 
performance liquid chromatography (HPLC) on a CX8 
column, eluting with a mixture of acetonitrile and 0.1% TFA 
in water. Purified fractions (homogeneous by UV and TLC 
analysis) were combined and 1yopMlized. Analytical HPLC 
was used to determine the purity of the final product; all 
peptides synthesized were at least 98% pure. 

The contents of all references cited throughout this patent 
application are hereby incorporated by reference. 

EQUIVALENTS 
Those skilled in the art will recognize, or be able to 

ascertain using no more than routine experimentation, many 
equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be 
encompassed by the following claims. 
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( 1) GJzNFiRAL INFORMATION: 

( i i i )NUMBEROFSEQUEh~S:6 

( 2 ) MFORMAIION FOR SEQ ID No:1: 

( i ) z%mJENcB cHARA~Isncs: 
(A)l.ENGTthlO.minoscids 
(B)lYPEamiwacid 
( D  ) TOPOLOGY linear 

( i i ) MOLEWLE TYPE: peptide 

( x i ) SEQUENCE DESCRIFTIONz SEQ ID NO:1: 

Glu His Trp Scr Tyr Gly Len Arg Pro Gly 
1 5 10 

( 2 ) INFORMATION FOR SEQ ID KOz2: 

( i ) SEQUEKCE CHARACIERISTICS: 
( A  ) LBNGTH: 10 amino acids 
( B  ) TYPE: amino acid 
( D  ) TOFOLOGY linear 

( i i ) MOLECULE TYFE: pcptidc 

( i x ) FEATURE: 
( A  ) NAME,= Modified-rite 
( B  ) LOCATION: 1 

(ix)FIxnJRE: 
( A  ) NAhLWXEX Mcdtkd-site 
(B)LOCMTONz3 
(D)OXiERfNFQRIWION:/note.Xmb~or 

yz- naphIhyi)rdaalny1 

( A  ) NAhWKBT hiodilied.site 
(B)LOCX~ONz5 
( D  ) OTtfER INFDRMMION: hwk. Xaa is N-mtbyl-& ‘QT. 

N-methyl- TUT, Ser. N-e-2-~q+lysingl, 
(4’-chlaropbs.yI~kningl,~Asa.Mcl.Ai~Age~~k 

( A  ) NAM!SBYz Mcdik.&sils 
(B)LOCMTONzB 

(Ix)FE/umBz 
(A)NAhEJIGXModi&b& 
(B)LOCKITONz7 
(D)WIERINFf~R&WI0N:htbXaaisLenorl ip 

(A)NAMFSEXModif ied-site 
(B)LOCAl’iON::% 

( A ) NAMEKBX ModUdte 
(B)LDCKMON:lO 

Xaa Hia xss. Ser Xea Xaa Xas XI0 Pro Xne 
1 5 10 

( 2 ) lNFORMKITONFORSBQWN&+ 
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( I )SBQUENCECHARACIER~: 
(A)lENGTE10amhr~ 
(B)TYPEz.mtnoactct 
( D ).TOmLOGY: linear 

( i i ) MOLECULE NPE: pcptide 

( A ) NAME&l% Mcdltied-site 
( B ) LOCATION: 1 

f A ) NAME/KEY: ~0difh.h~ 
( B ) LOCAI-ION: 3 
( D ) OTHER LNFGRhbU’tON: hate= %a is Trp or 

342. naphtbyl)ataninyl 

( ix)PEXTUREz 
( A ) NAME/KM: Mcdtt&sia 
( B ) LOCATION: 5 
( D ) OTHER UWORMATtON: /note Xaa is N-methyl-Al,, Tyr, 

N-mctbyl- Tyr, Ser. N-c-2-tx&tyhyt, 
(4’-cbloropbcny t )alaninyl.Hi~Asn.Me~Na.I\rgorIlc 

( A ) NAME.!XEY: Modified-site 
(B)LGCATIONz6 

(ix)FEKlURE 
( A ) NAME’KEY: bkdii44tc 
( B ) LOCATION: 7 
( D ) OTHER INFORhCKt’iOt-& /nab= Xaa ia h or Trp 

( A ) NAhiE’KEYz Modlfieddte 
(B)LOC.UIONzg 
( D ) OTRER INFORMATION: /note= Xsa is NC-2-powI-tptnyl, 

Gbb MetorArg 

( D ) OTHER ~FoRMATIoN: /note- Xaa is Gty-NH2 

( X i ) SSWJBNCB DESCR~PT~ONE SEQ ID NOz3: 

( 2 ) DWORtUlTON FGR SRQ JD NOh 

( i )sEQuBNc3JcHARAcIERIsrI~ 
(A)L0KilIklOrmdnoackk 
(B)TWEcamtmackt 
(D)TGR7LOGYztkw 

[ i i )M0LEctJIElype:pcptido 

(~x)IEmnw 
1A)NAtdEK%McdS6~& 
(B)LOCAl’lO~S 
t D ) OTHER INFORMKIION: hok. Xaa t N-methyl-Ah, q.r, 



( i x)FEATlJRE: 
f A  ) NAME/KEYS MdIebsitc 
( B  ) LOCATION: 6 
( D  ) OTHER IN3WRMATIOIiz lnoih Xao 3s aa amino acid bav3ng a 

&de chain “mpialrlg a reca3xor.mcdify3ug moiety 

(3n)FEATURB: 
( A  ) NAME/KEY: Mcd33sbs3e 
f B)LOCATION:7 

f 3 x)I%.mJRE: 
( A  ) NAhWKBy: Modified.site 
( 33 ) LOCATION: 8 

(3x)FEATURE: 
( A  ) NAMEKEYz Mod&+site 
( B  ) LOCATION: 10 
( D  ) OTHER DWORMATION:  /note- Xaa is Gly-NH2 

( x i ) SEQUENCE DESCRIPIZON: SEQ ID NO:& 

Xaa His Xaa Scr Xnr Xaa Xaa Xaa Pro Xaa 
1 5 10 

( 2 ) mFoRiMATION 3’0R SEQ ID NO5 

( i )SEQUENCECHARACTERISTICS: 
( A  ) LEN(;IH 10 amino acids 
( B  ) TYPE: amino acid 
( D  ) TOPOLOGY: Linear 

( 3 i ) MOJ.ECULETIpE: pzpkk 

( A  ) NAME/I(Ey: Mod33sia 
(B)LOCATIONzl 

( A  ) NAM33KW: bfcd&d-aitc 
(B)LGCaWION:5 

(ix)- 
( A  ) NAhWXBX Modbied-h 
(B)LOCATIONz7 
(t!)~lNFORh4AlTONr/mte-XuirLsnorT1p 

(3x)- 
(A)NAME/W3Mod33& 
(B)LccKnO~8 
( D  ) OTHER 3NFDMOM /note- Xm is N.&ppyHys3~yt, 

GbMaOrAF3 



5,843,901 
33 34 

-COhllled 

( x i ) SBQUENCE DESCRWTfONt S!ZQ ID No:5: 

Xso His Xau Ser XPU X.8 Xaa XP. Pro Xar 
1 5 10 

( 2 ) INPORbtAllON PDR S!ZQ ID No:& 

( i ) sBQuE.NcB cHARAcIBR1sTI(s: 
(A)LBNGmlOnndnoac 
(B)TYPEsamim,scid 
( D ) TOPOLOGY: liar 

( i i )MOLEcuLEmpcptidc 

( A ) NAhlEKEY Modified&c 
( B ) LOCp;nON: 1 
( D ) OTHER INPORMKI’ION: hotcp Xaa ir pyrop,hwnyl or 

pcct+XCOSiOe 

( i x)FEATURB 
( A ) NAhtWEYz Moditied-site 
(B)L.OCATION:3 
( D ) OTliF% RGORMATION: !notc- Xw is Trp or 

x2- nophlhyl)alaninyI 

( A ) NAMEflEp(: Modiicd-rite 
( B ) LOCATION: 5 
( D ) WHER INFORMATION: !notc= Xaa is N-nwhyl~Als. TV, 

N.m&yl- Tyr. Ser. N-c-2.pmpyl-lysinyl, 
( 4 ’ _ c h I n T o p h c n y 1 ~lminyl.Hir,Asn,Mcl,Ala,ArgorIlc 

(ix)FBmJRE 
( A ) NAMWKW Mdicd-sir 
(B)LOCKl’IO~fi 

(Ix)FBmJRJ? 
( A ) NAMEIKFI: Modffitd-site 
(B)LOCKlTONz7 
(D)O~~~BRINPOR~W~‘IO~~~~~PX~~~L~DO~T~ 

(ix)- 
( A ).NAMwKEy: Kcditicdaite 
(B)LOCATION::B 
( D ) OTHER UWORMATION: Jwak= Xaa is N-c-I.powI-lyainyl, 

ah, KctmArg 

(I i )SEQUl?NCEDFSUUPTtONtSEQIDNOx% 

xas His Xas scr XOP X88 Xo* Xaa Pro Xea 
1 5 10 

What is claimed is: H is Lys(iPr), Gin, Met, or Arg; 
1. A peptide compound comprising a structure: 55 IisPro; and 

A-EC-DE-F-O-H-I-J 
J is Gly-NH, or D-Ala-NH,; 

or a pharmaceutically acceptable salt thereof. 
wherein 2. A peptide compound comprising a structure: 

Aispyro-Glu,Ac-D-Nal,Ac-D-Qal Ac-Sar,orAc-D-Pal; A-B-C-D-E-F-Ci-H-I-J 

B is His or 4-Cl-D-Phe; 60 wherein 
C is Trp, D-Pal, D-Nal, L-Nal-D-Pal(N-0), or D-Trp; A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or AC-D-Pal; 
DisSer; B is His or 4-C%D-Phe; 
E is N-Me-Ala, Tyr, N-Me-m, Ser, Lys(iPr), 4-C&Phe, C is Trp, D-Pal, D-Nal, L-NaID-Pal(N-O), or D-Trp; 

His, Asn, Met, Ala, Arg or Ile; 65 D is Ser; 
F is D-Asn or D-Gin; E is N-Me-Ala, ‘Ijr, N-Me-Tyr, Ser, Lys(iprx 4-Cl-Phe, 
GisLeuorTrp; His, Asn, Met, Ala, Arg or Ile; 
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F is D-Asn; or a pharmaceutically acceptable salt thereof- 
GisLeuorTrp; 4. A peptide compound comprising a structure: 

H is Lys(iPr), Gin, Met, or Arg; Ac-D-Nal-4-Cl-D-Phe-D-Pal-Ser-Tyr-D-Asn-I-eu-Lys 

I is Pro; and (iPr>Pro-D-Ala-NH,; 

J is Gly-NH, or D-Ala-NH,; 
5 or a pharmaceutically acceptable salt thereof. 

5. A pharmaceulical a)mposition comprising the peptide 
or a pharmaceutically acceptable salt thereof. 

3. A peptide compound comprising a structure: 
compound of any one of claims 1, 2, 3 or 4, and a 

Ac-D-Nal-4-Cl-D-Phe-D-Pal-Ser-N-Me-Tyr-D-Asn-Leu- 
pharmaceutically acceptable carrier. 

Lys(iPr)-Pro-D-Ala-N&; * * * * * 
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UNITED STATES DEPARTMENT OF COMML-_ -_ 
Patent and Trademark *%ze 
Address: COMM~SS~ON~~R &PATENTS A~TRADEMARI<S 

Washit@&, D.C. 2023 1 

M75N4 

LAHIVE & COCKFIELD 
28 STATE STREET 
BOSTON MA 02109 

MAINTENANCE FEE STATEMENT 
The data shown below is from the records of the Patent and Trademark Office. If the maintenance fees and any necessary 
surcharges have been timely paid for the patents iisted below, the notation “PAID” will appear in column 1.1, “STAT” 
below. 
If a maintenance fee payment is defective, the reason is indicated by code in column 11, “STAT” below. TIMELY 
CORRECTION IS REQUIRED IN ORDER TO AVOID EXPIRATION OF THE PATENT. NOTE 37 CFR 1.377. 
THE PAYMENT(S) WILL BE ENTERED UPON RECEIPT OF ACCEPTABLE CORRECTION. IF PAYMENT OR 
CORRECTION IS SUBMITTED DURING THE GRACE PERIOD, A SURCHARGE IS ALSO REQUIRED. NOTE 
37 CFR 1.20(h). 

If the statement of small entity status is defective the reason is indicated below in column 10 for the related patent number. 
THE STATEMENT OF SMALL ENTITY STATUS WILL BE ENTERED UPON RECEIPT OF ACCEPTABLE 
CORRECTION. 

ITEM PATENT FEE FEE SUR SERIAL PATENT FILE PAY SML 
NBR NUMBER CDE AMT CHARGE NUMBER DATE DATE YR ENT STAT 

1 5,843,901 183 880 08/480,494 12/01/98 06/07/95 04 NO PAID 

DOGKET DEPT. 

JUN 2 8 2002 

ITM ATTY DKT 
NBR NUMBER 

1 PPI-007 

DIRECT THE RESPONSE. TOGETHER WITH ANY QUESTIONS ABOUT THIS NOTICE TO: 
COMMHIONER OF PATENTS AND TRADEMARKS, BOX M. FEE, WASHINGTON, D.C. 20231 

‘fOL.439 (REV. I l-97) 



DEPARTMENT OF HEALTH & HUMAN SERVICES 

IND 51,710 

EXHIBIT C 

Public Health Service 

Food and Drug Administration 
Rockville MD 20857 

Pharmaceutical Peptides, Inc. 
Attention: Marc B. Garnick, M.D. 
1 Hampshire Street 

OCT 22l9@ 

Cambridge, Massachusetts 02139-1572 

Dear Dr. Garnick 

We acknowledge receipt of your Investigational New Drug Application (IND) submitted pursuant 
to section 505(i) of the Pederal Pood, Drug, and Cosmetic Act. Please note the following 
identifying data: 

IND Number Assigned: 51,710 

Sponsor: Pharmaceutical Peptides, Inc 

Name of Drug: PPI-149 (treatment of prostate cancer) 

Date of Submission: October 18, 1996 

Date of Receipt: October 18, 1996 

Studies in humans may not be initiated until 30 days after the date of receipt shown above. If, 
within the 30-day waiting period, we identify deficiencies in the lND that require correction 
before human studies begin or that require restriction of human studies until correction, we will 
notitjr you immediately that the study may not be initiated (“clinical hold”) or that certain 
restrictions must be placed on it. In the event of such notification, you must continue to withhold, 
or to restrict, such studies until you have submitted materia1 to correct the deficiencies, and we 
have notified you that the material ycrt submitted is satisfactory. 

It has not been our policy to object to a sponsor, upon receipt of this acknowledgement letter, 
either obtaining supplies of the investigational drug or shipping it to investigators hsted in the 
IND. However, if the drug is shipped to investigators, they should be reminded that studies may 

d :;;Fdeo;;der the IND until 30 ays after the IND receipt date or later if the IND is placed on 
. 

You are responsible for compliance with the Federal Food, Drug, and Cosmetic Act and the 
regulations implementing that Act (Title 21 of the Code of Federal Regulations). Those 
responsibilities include reporting any adverse experience associated with use of the drug that is 
both serious and unexpected to the FDA as soon as possible and in no event later than 10 working 
days after initial receipt of information; reporting any unexpected fatal or life-threatening 
experience to FDA by telephone no later than three working days after receipt of the information 
(21 CFR 312.32), and submission of annual progress reports (21 CFR 312.33). 
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Please forward all fbture communications concerning this IND in triplicate, identified by the above 
IND number, and addressed as foilows: 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Reproductive and UrologicDrug Products, HFD-580 
Attention: Document Control Room 17B-20 
5600 Fishers Lane 
Rockville, Maryland 20857 

Should you have any questions concerning this submission, please contact Lana L. Pauls, M.P.H. 
at 301-827-4260. 

Lana L. Pauls, M.P.H. 
Chief, Project Management St& 
Division of Reproductive and Urologic 

Drug Products, HFD-580 
Oflice of Drug Evaluation II 
Center of Drug Evaluation and Research 



EXHIBIT D 

DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
Rockvilie MD 20857 

NDA 2 I-320 

Praecis Pharmaceuticals 
Attention: JD Bernardy, J.D. 
Vice President, Regulatory Affairs 
One Hampshire Street 
Cambridge, MA 02 139 

Dear Mr. Bernardy: 

We have received your new drug application (NDA) submitted under section 505(b) of the Federal 
Food, Drug, and Cosmetic Act for the following: 

Name of Drug Product: PlenaxisTM Depot (abarelix for depot suspension) 

Review Priority Classification: Priority (P) 

Date of Application: December 11,200O 

Date of Receipt: December 12,200O 

Our Reference Number: NDA 21-320 

Unless we notify you within 60 days of our receipt date that the application is not sufficiently complete 
to permit a substantive review, this application will be filed under section 505(b) of the Act on 
February 10,2.00 1 in accordance with 21 CFR 3 14.101 (a). If the application is filed, the user fee goal 
date will be June 12,200l. 

Be advised that, as of April 1, 1999, all applications for new active ingredients, new dosage forms, new 
indications, new routes of administration, and new dosing regimens are required to contain an 
assessment of the safety and effectiveness of the product in pediatric patients unless this requirement is 
waived or deferred (63 FR 66632). If you have not already fulfilled the requirements of 21 CFR 
3 14.55 (or 601.27), please submit your plans for pediatric drug development within 120 days from the 
date of this letter unless you believe a waiver is appropriate. Within approximately 120 days of receipt 
of your pediatric drug development plan, we will review your plan and notify you of its adequacy. 

If you believe that this drug qualifies for a waiver of the pediatric study requirement, you should submit 
a request for a waiver with supporting information and documentation in accordance with the 
provisions of 2 1 CFR 3 14.55 within 60 days from the date of this letter. We will make a determination 
whether to grant or deny a request for a waiver of pediatric studies during the review of the application. 
In no case, however, will the determination be made Iater than the date action is taken on the 

application. If a waiver is not granted, we will ask you to submit your pediatric drug development plans 
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within 120 days from the date of denial of the waiver. 

Pediatric studies conducted under the terms of section 505A of the Federal Food, Drug, and Cosmetic 
Act may result in additional marketing exclusivity for certain products (pediatric exclusivity). You 
should refer to the Guidance for Industry on QualijsIng for Pediatric Exchivity (available on our web 
site at www.fda.rrov/cder/pediatric) for details. If you wish to qualify for pediatric exclusivity you 
should submit a “Proposed Pediatric Study Request“ (PPSR) in addition to your plans for pediatric 
drug development described above. We recommend that you submit a Proposed Pediatric Study 
Request within 120 days from the date of this letter. If you are unable to meet this time frame but are 
interested in pediatric exclusivity, please notify the division in writing. FDA generally will not accept 
studies submitted to an NDA before issuance of a Written Request as responsive to a Written Request. 
Sponsors should obtain a Written Request before submitting pediatric studies to an NDA. If you do 
not submit a PPSR or indicate that you are interested in pediatric exclusivity, we will review your 
pediatric drug development plan and notify you of its adequacy. Please note that satisfaction of the 
requirements in 21 CFR 3 14.55 alone may not qualify you for pediatric exclusivity. FDA does not 
necessarily ask a sponsor to complete the same scope of studies to qualify for pediatric exclusivity as it 
does to fulfill the requirements of the pediatric rule. 

Under 2 1 CFR 3 14.102(c) of the new drug regulations, you may request an informal conference with 
this Division (to be held approximately 90 days from the above receipt date) for a brief report on the 
status of the review but not on the application’s ultimate approvability. Alternatively, you may choose 
to receive such a report by telephone. 

Please cite the NDA number listed above at the top of the first page of any communications concerning 
this application. All communications concerning this NDA should be addressed as follows: 

U.S. Postal/Courier/Overnight Mail: 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Reproductive and Urologic Drug Products; HFD-580 
Attention: Division Document Room 
5600 Fishers Lane 
Rockville, Maryland 20857 

If you have any questions, call Eufiecina DeGuia, Regulatory Project Manager, at (301) 827-4260. 

Sincerely, 

Terri Rumble 
Chief, Project Management Staff 
Division of Reproductive and Urologic Drug Products 
Office of Drug Evaluation III 
Center for Drug Evaluation and Research 



/S/ _-------------------- 
Terri F. Rumble 
l/8/01 04:17:36 PM 



EXHIBIT E 

DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
Rockville. MD 20857 

NDA 2 l-320 

Praecis Pharmaceuticals, Inc. 
Attention: JD Bemardy, J.D. 
Vice President, Regulatory Affairs and Quality Assurance 
830 Winter Street 
Waltham, MA 02451-1420 

Dear Mr. Bemardy: 

We acknowledge receipt on February 27,2003 of your February 25,2003 resubmission to your 
new drug application for Plenaxisl” (abarelix for injectable suspension). 

We consider this a complete, class 2 response to our June 11,2002 action letter. Therefore, the 
user fee goal date is August 27,2003. 

If you have any question, please call Eufrecina DeGuia, Regulatory Health Project Manager, at 
(301) 827-4260. 

Sincerely, 

{See appended electronic signaltire page] 

Margaret Kober, R.Ph. 
Chief, Project Management Staff 
Division of Division of Reproductive and 
Urologic Drug Products 
Office of Drug Evaluation III 
Center for Drug Evahtation and Research 



..---.~~.......~1-~...~~--....----.~.-.~..~.-.~.--...~.~.--~....-.~.-....-.-.---....-.~-.-.-.-..- 

This is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 
------.1---1---.-.----...-----.-.--.--.--------..---..---.---......--.-------..-.-...-.------.---.-. 

/S/ --------------------- 
Margaret Kober 
3/18/03 11:20:28 AM 

Chief, Project Management Staff 



.* EXHIBIT F 

DEPARTMENT OF HEALTH & HUMAN SERVICES 

,i 

Public Health Service 
Food and Drug Administration 
Rockville, MD 20857 

NDA 2 l-320 

Praecis Pharmaceuticals, Incorporated 
Attention: J.D. Bernardy, J.D. 
Vice President, Regulatory Affairs & Quality Assurance 
830 Winter Street 
Waltham, MA 02451-1420 

Dear Mr. Bernardy: 

Please refer to your new drug application (NDA) dated December I 1,2000, submitted under section 
505(b) of the Federal Food, Drug, and Cosmetic Act for PlenaxisTM (abarelix for injectable suspension, 
1 OOmg). 

We acknowledge receipt of your submissions dated January 5; March 13, 14, 15,26,27,29, and 30; 
April 6,9,10,13,17, 19,26, and 27(2); May 4,7,10,22,24,25(2), and 29; June 14 and 15; and July 
26,2001; February 25, March 19 and 20; April 25(2); May 8 and 16(2); June 3,5,17,19,25,27, and 
30; July 9, 11, 14, 16, 17, 18,29, and 31; August 8; September 10, 12, 17,24, and29; October 3, 14, 
20,24, and 30(2); and November 3,4,7, 11, 13, 16, 17, 18(2), 19,21(2), and 24,2003. 

The February 25,2003 submission constituted a complete response to our Not Approvable letter of 
June 11,200l. The original submission was not approved because of the risk of serious allergic 
reactions, including anaphylaxis with hypotension and syncope, and because the risk of loss of efficacy 
over time. For your then proposed target population of men with local, regional, or advanced 
carcinoma of the prostate where androgen suppression is appropriate, the Agency determined that risks 
of Plenaxism exceeded its benefits. 

This resubmission of the application provides for the use of Plenaxisn^ (abarelix for injectable 
suspension, 1 OOmg) for the palliative treatment of men with advanced symptomatic prostate cancer, in 
whom LHRH agonist therapy is not appropriate and who refuse surgical castration, and have one or 
more of the following: (1) risk of neurological compromise due to me&stases, (2) ureteral or bladder 
outlet obstruction due to local encroachment or metastatic disease, or (3) severe bone pain from 
skeletal metastases persisting on narcotic analgesia. 

The resubmitted application, considered for approval under 21 CFR Part 3 14, Subpart H at your 
request, narrows the originally proposed indication to use of the drug in a population for whom the 
benefits of the drug may outweigh the risks, but in whom the drug can be safely used only if 
distribution and/or use is restricted. The application provides for a risk management program that will 
help ensure the safe use of PlenaxiszM in the approved indicated population. 
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., We completed our review of this application, as amended, and have concluded that adequate 
information has been presented to approve this application for PlenaxisTM (abarelix for injectable 
suspension, 1 OOmg) under 2 1 CFR Part 3 14 Subpart H for the proposed indication in your 
resubmission. You have indicated your agreement with approval with restrictions to ensure safe use. 
Accordingly, this application is approved under 21 CFR Part 3 14, Subpart H. Approval is effective on 
the date of this letter. Marketing of this drug product and related activities are to be accordance with 
applicable provisions of the Act and FDA regulations, including the specific restrictions on distribution 
and use described below. 

Plenaxis’” Risk Management Program 

We remind you that your Plenaxis*%sk Management Program is an important part of postmarketing 
risk management for PlenaxisTM, and must include each of the following components in order to ensure 
distribution only to physicians with the training and experience necessary to assure safe use of the 
drug, and to ensure use of PlenaxisTM only in patients for whom the drug is indicated, as set forth in the 
INDICATIONS AND USAGE section of the FDA-approved labeling: 
1. Enrollment of qualified physicians in a physician prescribing program that ensures that P1enaxis7M 

is distributed only to these enrolled physicians and that the use of Plenaxisn” is in the approved 
indicated population. 

2. Implementation of a program to educatvhysicians, hospital pharmacists, patients, and distributors 
about the risks and benefits of Plenaxis and responsibilities of being part of the prescribing 
program. 

3. Implementation of a reporting and collection system for serious adverse events associated with the 
use of Plenaxis” that complies with the reporting requirements for an approved NDA (2 1 CFR 
314.80 and 314.81). 

4. Implementation of a plan to evaluate the effectiveness of the PlenaxisrM Risk Management 
Program. 

The Plenaxis” Risk Management Program, as described in the attached documents, adequately 
addresses each of these requirements. Any change to the program must be discussed with the FDA 
prior to its institution and is subject to FDA gproval. We expect your continued cooperation to 
resolve any problems regarding the Plenaxis Risk Management Program that may be identified 
following approval of your application. 
Within the first year of the initiation of the Risk Management Program, and annually thereafter, you 
must provide the FDA with a report under 21 CFR 314.80(b)(2) that describes how each element of the 
program has been implemented, provides implementation data, and evaluates the success of the 
program using, among other available data, the studies, audits, and evaluations described in the 
Plenaxis”Risk Management Program and postmarketing commitments #l, 2,3, and 4 below. 
We remind you ofJour specific reporting obligations regarding adverse events of patients who have 
received Plenaxis . As set forth in the attached document, in addition to the usual postmarketing 
reporting of adverse drug experiences (21 CFR 314,80(c)), you will initiate a 15&y report for each of 
the following: 

1. All spontaneous reports of anaphylaxis, anaphylactic reaction, anaphylactoid reaction, 
anaphylactic shock, angioedema of the ,throat, angioedema of the tongue, laryngeal obstruction, 
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4 laryngeal angioedema, upper respiratory tract obstruction, systemic allergic reaction, immediate 
hypersensitivity reaction, acute bronchospasm, or wheezing. 

2. All spontaneous reports of syncope, near-syncope, loss of consciousness, shock, or 
hypotension. 

3. All spontaneous reports involving treatment with epinephrine, parenteral antihistamine, inhaled 
bronchodilators, parenteral corticosteroids, intubation, tracheostomy, or cricothyroidotomy. 

4. All spontaneous reports of hospitalizations or emergency room visits for urticaria or 
angioedema. 

5. All spontaneous reports of death, regardless of causality. 

Postmarketina Commitments 
You have committed to conduct the postmarketing studies, specified in your submission dated 
November 2 1,2003 that are listed below: 

1. Conduct studies of a random sample of all enrolled prescribers as part of your risk management 
evaluation program to survey physician knowledge and understanding of risks and benefits of 
Plenaxisr”l and responsibilities under the prescribing program. Praecis Pharmaceuticals 
Incorporated and FDA will review the study findings and agree to educational and/or other 
activities that may be needed to address observations. 

Protocol Submission: by February 27,2004 
Study Start: by September 30,2004 
Final Report Submission: by September 30,2008 

2. Conduct a study ancillary to the 2000 patient “PlenaxisTM Experience Study” (see commitment #5) 
as part of the risk management evaluation program to evaluate use of PlenaxisTM by physicians in 
the approved, indicated population. Provide an assessment of the frequency of signed Patient 
Information signature pages filed in the patient’s medical record, frequency of serum testosterone 
testing, and other physician responsibilities accepted as part of the Plenaxis” Prescribing Program. 
Praecis Pharmaceuticals Incorporated and FDA will review study findings and agree to educational 
and/or other activities that may be needed to address observations. 

Protocol Submission: by January 30,2004 
Study Start: by June 30,2004 
Final Report Submission: by September 30,2008 

3. Conduct a study involving use of Plenaxis” through a case claims survey performed by a 
managed care organization. The survey will provide an assessment of whether Plenaxis” is being 
used in the indicated population (e.g., review of formulary restrictions and patient information 
concerning age, sex, and diagnosis). Praecis Pharmaceuticals Incorporated and FDA will review 
study findings and agree to educational and/or other activities that may be needed to address 
observations. 

Protocol Submission: by February 27,2004 
Study start: by September 30,2004 
Final Report Submission: by September 30,2008 

4. Conduct a study as part of the risk management evaluation program to evaluate adherence to 
attested responsibilities of the prescribing program for hospital pharmacies. Praecis 
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Pharmaceuticals Incorporated and FDA will review study findings and agree to educational and/or 
other activities that may be needed to address observations. 

Protocol Submission: by February 27,2004 
Study Start: by September 30,2004 
Final Report Submission: by September 30,2008 

5. Conduct a study of 2,000 patients to estimate the incidence of immediate-onset systemic allergic 
reactions (anaphylaxis, hypotension and/or syncope) in the indicated population receiving 
Plenaxisn” and to determine whether the hazard rate changes over time. 

Protocol Submission: by January 30,2004 
Study Start: by June 30,2004 
Final Report Submission: by September 30,2008 

6. Conduct a clinical study to characterize Plenaxis” -induced immediate-onset system allergic 
reactions by evaluating skin test reactivity to PlenaxisTM and determining anti-abarelix IgG and 
IgE antibody levels for patients experiencing immediate-onset systemic allergic reactions. 

Protocol Submission: by January 30,2004 
Study Start: by June 30,2004 
Final Report Submission: by September 30,2008 

7. Conduct a clinical study to assess the effectiveness of pre-treatment with oral antihistamine 
with or without oral steroids for patients who experience Plenaxisn”-induced urticaria and/or 
pruritis within 2 hours of drug administration and continue Plenaxism therapy. 

Protocol Submission: by January 30,2004 
Study Start: by June 30,2004 
Final Report Submission: by September 30,2008 

Submit your clinical study protocols to your IND for this product. We encourage you to submit your 
study protocols to the Division of Reproductive and Urologic Drug Products for review and comment 
prior to the initiation of your postmarketing studies. Submit nonclinical protocols and all study final 
reports to this NDA. In addition, under 21 CFR 3 14-8 1 (b)(2)(vii) and 3 14.8 1@)(2)(viii), you should 
include a status summary of each commitment in your annual report to this NDA. The status summary 
should include expected summary completion and final report submission dates, any changes in plans 
since the last annual report, and, for clinical studies, number of patients entered into each study. All 
submissions, including supplements, relating to these postmarketing study commitments must be 
prominently labeled “Postmarketing Study Protocol “, “Postmarketing Study Final Report”, or 
“Postmarketing Study Correspondence.” 

The final printed labeling (PPL) must be identical to the enclosed agreed upon labeling text submitted _ 
on November 24,2003, for the Product Information insert, the Patient Information form, and the 
Physician Attestation form; and identical to the immediate container and carton labels submitted on 
November 24,2003. Marketing the product with FPL that is not identical to the approved labeling text 
may render the product misbranded and an unapproved new drug. 

Please submit an electronic version of the FPL according to the guidance for industry titled Providing 
Regzdatory Submissions in Electronic Format - NDA. Alternatively, you may submit 20 paper copies 
of the FPL as soon as it is available but no more than 30 days after it is printed. Individually mount 15 



NDA 21-320 
Page 5 

: of the copies on heavy-weight paper or similar material. For administrative purposes, designate this 
submission “FPL for approved NDA 21320.” Approval of this submission by FDA is not required 
before the labeling is used. 

Under 21 CFR 3 14.550, after the initial 120 day period following approval, you must submit all 
promotional materials, including promotional labeling as well as advertisements, at least 30 days prior 
to the intended time of initial dissemination of the labeling or initial publication of the advertisement. 
Submit all proposed materials in draft or mock-up form, not final print. Send one copy to the Division 
of Reproductive and Urologic Drug Products and two copies of both the promotional materials and 
labeling directly to: 

Division of Drug Marketing, Advertising, 
and Communications, HFD-42 
Food and Drug Administration 
5600 Fishers Lane 
Rockville, MD 20857 

We have not completed validation of the regulatory methods. However, we expect your continued 
cooperation to resolve any problems that may be identified. 

If you have any questions, please call Nenita Crisostomo, R.N., Regulatory Project Manager, at 
(301) 827-4260. 

Sincerely, 

{See appended electronic signature page] 

Florence Houn, MD MPH 
Director 
Office of Drug Evaluation III 
Center for Drug Evaluation and Research 

Enclosures 
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PATENT ASSIGNMENT 

THIS PATENT ASSlGNMilNT (the “Assignment”), made as of the 30th day of 
June, 1997, by and betkeen Indiana University Foundation, a nonprofit 
corporation organized under the laws of the State of Indiana, (“Assignor”), and 
the Advanced Research & Technqlogy Institute, an Indiana nonprofit entity 
incorporated in 1996 to assist Indiana Unkersity (“Assignee”). . 

WITNESSETH 

. . ..~EP.~~.,dssi~nor’has previously been kssig.ned right;title, and interest in 
.. property listed on S~~~ujule’~~~~a~~~.,h~reto by the I’nventoi‘ of said pnsperty; 

and 

WHEREAS, Assignee is desirous pf acquiring Assignor’s interest in the sar-ne; 
.,’ ” :- ‘,. 

N&V, fH&REF~kE, it? cohsider&dh of the pie.tiises set iorth herein and fdr 
‘-@her good and.valqab!ei i%&der&k?, the receipt *and &fficisncy of which are 
hereby aCkkwl~dged, &&g&r @rees as follows: _.- . . 

‘7. Ass&,&%ent of Patents. As&gnor hereby grants, conveys, and 
kz$grrs to-Assignee, ‘all.of Assigfior’s right, tit& and inter&t in and ‘to’alkf its 
now ovline’cfof ex!sting;. ’ . 

: . ; . . (., .. *‘. ..- 
1. U.&.and foreigo’p#&tstind pat&it applicatick including ,withoiit 

lir&taJi&, ttie inverkions and improvkmints’ desciibed anal claimed 
. ,therein,:asiisted on Schedule A &ached her$to (hereinaft& call$d . 

‘patents+; ’ . . . 
. . . . . 

, ., ‘2. I The’reissues: divisions; continuations, renewals &tensions, 

*> ~nti~~~~~0~s-i~~~~~;‘~~~ improvements thkebi; 
.__” %,L*. , I .: 

-, 

_-__ --....---__-L__-~---.-- 
___ . 



2. Covenants and Warrantles. Assignor represents, warrants, and 
covenants that: 

1. The Patents are subsisting, have not been adjudged invalid or 
unenforceable in whole or in part, and are not currently being 
challenged in any way; 

2. 

3. 

Non,e of the Patents has lapsedor expired; 

No claim h@been mtide that the use of any of the Patents 
constitutes an infringement ofahy senior or dominant US. patent 
or other inteller$ral property right; and 

4. .~SSigtiO~ has the,fulj right to cbnvey.the ‘right, title’and interest 
herein &&$jp$&:, .’ C , . ’ ‘. 

3. Binding effect; Benefits.. This Asignment shall be binding upon 
. Assignor and its respe.ctive succ&ors and assigns and shail inure to the benefit 

.’ :of ‘A&fgnee, its nomjnees,’ Su$&ssom~ arid ‘assigns.. 

4. Authori&tian and Bequest. Assigfior authorizes .arid requests the 
: Commissioner, of Pafents and Tradem&ks, fo,issue inthe name of the Assignee 
any and all patent6 ofthe Un.ited St&es .to ‘issue from peridjng pstent 
:appIioations, orreissues, division&, continuations, rer-rewals, &t&-i$dns, 

.. :~.hiinUationsln-pan, or improvements res.ulting from Patents. ‘. ,. . 

. 
‘WITNESS the due. execution hereof as of fhe date first above written. 

. 
Indiana University Poundation ’ . 



Accepted: 

Advanced ,Research & Technology institute 

Pre%kmt . 

cc: Julie M. Wbkon 
Vice’President 

.’ , Advar@ l?ese’arch and J”chriplogy institute 
(. : . . . 
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PATENTNUMBER 

TABLE 1 - ISSUED U.S. PA&VI’S 

I DATE I 

3 

l IVVlWTORS 

[ 4,851,385 1 July ti, 1989 1 Roger W. Roe&e 
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TABLE 1 - ISSUED U.S. PATENTS 

1 Roger W. Roeske _-- 



TABLE 2 - PENDING U.S. PATENTS 

____._ -_. 
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&WNSELLO~ AT LAW mY6ANERf44NDR4oouRAs JEREMW L”NC” 
JDNNV,MNCO LAWRENCEEMONK5 

28sTA'WsTfWT ANMom A. l.A-*NO bW.LLW A. SCORELD. JR. 

BOSTON,MAS!~ACHUS~S 02109.1784 JANEEREMILwm NEvlNJ.MNWO 
TFlammE(617) 227-7400 

ctwuE8ERlc8CnuLMAN PETER c. LwRO* 
PAusllNc A. ucnAucc 

DEWA J. WUSNCX, Ph.D 
UURANNE 8. WT,.ER 
NICHOLQP. TR,ANO,,, 

oFcolJNw. 

October 21,1998 

Gmham Watt&Co. 
Riverhead Sevenoaks 
Kent TN13 2BN 
ENGLAND 

Re: European Application No. 96 9193 11.9 
Based on International Application No. PCTAJS96/09852 
Ap licantz INDIANA UNIVERSITY FOUNDATION 
Tl e: LFfxtEt.uw~Gom~~mm~~ 9 
Your Reference: No. 12779 

Reference: PPI-OWCPEP 

EncJosed please find an executed Assignment for the above-identified European 
application transf&g rights fiom I&ma University Foundation to Advax@ Research 
Technology Institute. 

- 
‘“-if you haye any questions, please do not hesitate to contact us. 

very truly yours, 

Catherine J. Ka+:Ph..D- 
CJKhSC 

* 
Enclosure 

CC: Dr. William Kubasek (w/ enclosure) 
Anthony T. Armstrong, Esq. (w/enclosure) c d 

Maria C. Law&ripe, Ph.D. (w/o enclosure) 
Giulio A. DeConti, Jr., Esq. (w/o enclosure) 



THIS ASSIGNMENT is made the 30th day of June, One thousand nine 

hundred and ninety seven Indiana University Foundation 

(hereinafter called "the Assignors" which expression shall where 

the context so admits include their successors and assigns) of 

the one part and Advanced Research and Technology Institute, a 

nonprofit Corporation duly organised under the laws of the State 

of Indiana, United States of America of 501 North Morton, Suite 

llL, Bloomington, Indiana 47404, United States of Amkica 

(hereinafter called "the Assignees" which expression shall where 

the context so admits include their successors and assigns) of 

the other part. 

WHEREAS: 

a) The Assignors are the applicants in the European Patent 

Application identifiedinthe Schedule hereto (hereinafter called 

"the said Application"). 

b) For the consideration hereinafter appearing, the Assignors 

have agreed to assign to the Assignees and the Assignees have 

agreed to accept, the entire right title and interest in and to 

the said Application,.the Invention thereof (hereinafter called 

"the said Invention")"and any,European patent granted on the said 

Application in respect of?the designated contracting States as‘ 
.+ 

set out in the B&hedule.he;e'to, and the full right to apply for 

and obtain patent or other similar forms of protection in respect 

of the said Invention in any part of the world. 

: 

1. In pursuance of the said agreement and in consideration of 

the sum of one hundred pounds sterling (flOO.00) now paid by the 

Assignees to the Assignors (the receipt whereof the Assignors 

hereby aoknowledge) the Assignors hereby assign with full title 

guarantee (and the Assignees hereby accept) all the right title 

-l- 
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4. 

and interest of the Assignors in and to the said Invention and 

the said Application v all privileges benefits 

advantages and rights of actions appertaining thereto belonging 

or accrued to the effect that the said Application and' any 

I European patent granted on the said Application shall be 

registered in the name of and shall vest in the Assignees in 

respect of all the designated States as aforesaid including the 

right to sue for and benefit from any damages and other 

compensation awarded in respect of any infringements which may 

have occurred subsequent to the publication of the said 

Application and including also the full right to apply for obtain 

and hold patent or similar forms of protection in respect of the 

said Invention in any part of the world TO BOLD the same unto the 

Assignees their successors and assigns absolutely. 

2. At the request and cost of the Assignees the Aaaignora shall 

assist in the prosecution of the said Application to grant and .v 
will execute all such documents and do all such acts as may be 

necessary or proper for procuring grant of any European patent 

on the said Application to the Assignees in respect of each of, 

the designated States as aforesaid. 
3. At the request and cost of the Asaignees the Assignors shall 
execute all such documents and do all such acts as may be 

necessary or proper for procuring the grant of patent or similar 

forms of protection in respect of the said Invention in any part 

of the world. 

4. In respect of any action or other proceedings for 

infringement the Assignors at the expense of the Assignees will 

render all available assistance of which they are capable in 

support thereof. 

5. It is hereby certified that the transaction hereby effected 

-2- 
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does not form part of a larger transaction or a series of 

transactions in respect of which the amount or value or the 

aggregate amount or value exceeds sixty thousand pounds sterling 

(f60,000.00). 

SCBEDULE 

&&&ication NQ. 

96 91 9311.9 

IN WITNESS whereof 

presents with effect from the 

Contract- States 

AT, BE, CH, DE, DK," S, 
FI, PR, GB, GR, IE, @T, 
LI, LU, MC, NL, PT, SE. 

the parties have executed these 

day and year above written. 

I hereby certify that the saidcfialter L. Koon, 33 Sr. VP Investments 
who executed this document in my presence 
is duly authorised to sign on behalf 
of Indiana University Foundation 

!&nera B,, &land, coamis~lion expires: August 15, 1999 
Reaid+g..in Monroi County ' 
Advanced.Research Technology Institute 

I hereby certify that the said flDouglas M. 
who executed this document in my presence 
is duly authorised to sign on behalf 
of Advanced Research Technology Institute 

My ~mmlsJon expires February 2008: 

I- -3- 



EXFIIBLT H 

Docket No.: PPI-007 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: Roger W. Roeske 

U.S. Patent No: 5,843,901 

Issued: December 1, 1998 

For: LHRH ANTAGONIST PEPTIDES 

MailStop Patent Ext. 
Commissioner for Patents 
P.O. Box 1450 
Alexandria,VA 22313-1450 

RECEIVED 
JAN 1 3 2004 

WXEOFE?!RONS 

POWER OF ATTORNEY 

Dear Sir: 

Advanced Research and Technology Institute, the Assignee of the entire right, title and 

interest in the above-identified patent, hereby appoints the beipw listed attorneys with full power 

to prosecute the above-referenced patent and to transact all business in the Patent Office 

connected therewith. 



U.S. Patent No: 5,843,901 *. Docket No.: PPI-007 

James E. Cockfield 
Thomas V. Smurzynski 
Ralph A. Loren 
Giulio A. DeConti, Jr. 
Eliibetb A. Hanley 
Amy E. Mandragouras 
Anthony A. La&entano 
Kevin J. Cannine 
Jane E. Remillui 
DeAnn F. Smith 
Jeatme M. DiGiorgio 
Megan E. Will iams 
Jeremiah Lynch 
David J. Rikkers 

Reg. No. 19,162 
Reg. No. 24,798 
Reg. No. 29,325 
Reg. No. 31,503 
Reg. No. 33,505 
Reg. No. 36,207 
Reg. No. 38,220 
Rec. No. 35.470 
Rei. No. 381872 
Reg. No. 36,683 
Reg. No. 41,710 
Reg. No. 43,270 
Reg. No. 17,425 
Reg. No. 43,882 

Maria C. Laccotripe Zacharakis 

Debra J. Milasincic 
David R. Bums 
Sean D. Detweiler 
Cynthia L. Kanik 
Theodore R. West 
Hathaway P, Russell 
John S. Curran 
Lisa M. DiRocco 
Danielle L. Herr&t 
Merideth C. Arnold 
Peter W. Dini 
Cynthia M. Soroos 
Jonathan M. Sparks 
Adrina M. Zink 
John D. Laoza 

Limited Recognition 
Under 37 C.F.R. $ 10.9(b) 
Reg. No. 46,93 1 
Reg. No. 46,590 
Reg. No. 42,482 
Reg. No. 37,320 
Reg. No. 47,202 
Reg. No. 46,488 
Reg. No. 50,445 
Reg. No. 51,619 
Reg. No. 43,670 
Reg. No. 52,568 
Reg. No. 52,821 
Reg. No. 53,623 
Reg. No. 53,624 
Reg. No. 54,539 
Reg. No. 40,060 

of LAHIVE & COCKFIELD, LLP, 28 State Street, Boston, Massachusetts 02109, United States 
of America. 

Please continue to send all correspondence relating to the above patent application to: 

Giulio A. DeConti, Jr., Esq. 
LAHIVE & COCKFIELD, LLP 
28 State Street 
Boston, MA 02109 
(617) 227-7400 

ADVANCED RESEARCH AND TECliZNOLOGY INSTITUTE 

Typed Name: Mark S. Long 

Title: 

Dated: 



EXBIBIT I 

Docket No.: PPI-007 
(PA” tT} 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application oE Roger W. Roeske 

U.S. Patent No: $843,901 

Issued: December I,1998 

For: LHRH ANTAGONIST PEPTIDES 

MailStop Patent Ext. 
Commissioner’for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

POWER OF ATTORNEY 

Dear Sir: 

Praecis Pharmaceuticals, Inc., the exclusive licensee and agent acting on behalf of the 

owner, Advanced Research and Technology Institute, of the above-identified patent, hereby 

appoints the below listed attorneys with full power to prosecute the above-referenced patent and 

to transact all business in the Patent Office connected therewith. 


