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N,N— —(Gly—D—-Ala—D—-Phe—D—-Phe—D—-Val-D—-Leu)—NH ,; N,N— —(D—Ala—D—-Phe—D—Phe—
D—Val-D—Leu)—NH,; N— —(Gly—D-Ala—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N— —(Gly-D-A
la—D—Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N— —(Gly—D—-Ala—D—-Phe—D—-Phe—D—-Val-D—Leu)
—NH, ; H—(D—Leu—D-Val-D—-Phe—D—-Phe—D—-Ala)— ; H—-(D—Leu—-D-Val-D—Phe—-D-P
he—D—Ala)— ; N,N— —(Gly—-D-Ala—D—Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N,N—
—(D—Ala—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N,N— —(D—Leu—D-Val-D—Phe—D—-Phe—D—-Leu)
—NH, ; N,N— —(D—Leu—D-Val-D—Phe—D—-Phe—D—-Leu)—NH ,; N,N— —(D—Leu—D—-Phe-D-P
he—D—Val-D—-Leu)—NH ,; H-(Gly—D—-Leu—D-Val-D—Phe—D—Phe—D—Leu)—NH ,; N— —(Gly—-D-Le
u—D-Val-D—Phe—D—Phe—D—Leu)—NH ,; N— —(Gly—-D—-Leu—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,;
N— —(D-Leu—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N— —(D—-Leu—D-Val-D—Phe—D—-Phe—D-L
eu)—NH,; N— —(D-Leu—D—-Val-D—Phe—D—Phe—D—-Leu)—NH ,; N,N— —(Gly—D-Leu—-D-Val
—D—-Phe—D—-Phe—-D—-Leu)—NH ,; H-(D-lle-D—-Val-D—Phe—D—-Phe—-D-lle)-NH ,; H-(D-lle—D—-Val-D
—Phe—D—-Phe—-D—-Ala)—NH , ; H—(D-Ille-D-Ille—D—Phe—D—-Phe—-D-Ille)—-NH ,; H—(D—Nle—D-Val-D—-P
he—D—Phe—D-Ala)—NH , ; H—(D—Nle—D—-Val-D—Phe—D—Phe—D—NIle)—NH ,; 1— - —(Db-L
eu—D—-Val-D—Phe—D—-Phe—D—-Leu)—NH ,; 1— - —(D—Leu—D—-Phe—D—-Phe—D—-Val—-D—-Leu)
—NH, ; H-D—Leu—-D-Val-D—-Phe—D—-Phe—-D—-Leu— ; H-D—Leu—D—Phe—D—-Phe—-D-Val
—D—Leu— ; H—(D—Leu—D-Val-D—Phe—D—-Phe—D—Leu)— ; H—(D—Leu—D-Ph
e—D—-Phe—-D-Val-D-Leu)—- ; H—-(D—Leu—D-Val-D—Phe—D—-Phe—D—Leu)—0OH ; N— —(D-
Leu—D-Val-D—Phe—D—-Phe—D—-Leu)—NH ,; H—(D—-Leu—D-Val-D—Phe—D—-Cha—D—-Leu)—NH ,; H—(D—-
Leu—D-Val-D—-Phe—D—[p—F]Phe-D-Leu)—NH ,; H—(D-Leu—D-Val-D—Phe—-D—[F 5]Phe—D—-Leu)—NH
»; H—(D—-Leu—D—-Phe—D-Cha—D-Val-D—-Leu)—NH ,; H—(D—Leu—D—-Phe—D—-[p—F]Phe—D—-Val-D—-Leu)
—NH, ; H—(D—Leu—D—-Phe-D-[F 5]Phe—D-Val-D—-Leu)—NH ,; H—(D—-Leu—D—-Phe—D—-Lys—D-Val-D—
Leu)—NH,; H—(D-Leu—D-Cha—D—-Phe—-D-Val-D—-Leu)—NH ,; H—(D-Leu—D—[p—F]Phe—D—-Phe—-D-V
al-D—Leu)—NH,; H—(D—-Leu—D—[F 5 ]Phe—D—Phe—D-Val-D—-Leu)—NH ,; H—(D—Leu—D—-Lys—D—Phe—
D—-Val-D—-Leu)—NH,; H-(D—-Leu—D-Cha—D—-Cha—D-Val-D—-Leu)—NH ,; H—(D—Leu—D—-[p—F]Phe—D—
[p—F]Phe—D—Val-D—-Leu)—NH ,; H—(D—Leu—D—[F 5]Phe—D—[F 5 ]JPhe—D—Val-D—Leu)—NH ,; H—-(D-L
eu—D—-Lys—D—-Lys—D—-Val-D—Leu)—NH ,; N— —(D-Leu—D—-Val-D—Phe—D—-Cha—D—-Leu)—NH ,; N—

—(D-Leu—D-Val-D—Phe—D—[p—F]Phe—D—-Leu)—NH ,; N— —(D—Leu—D-Val-D—-Phe—-D—[F 5]P
he—D—-Leu)-NH,; H—-D-Leu—-D-Val-D—Phe—NH—(H-D—-Leu—D—-Val-D—Phe)-NH ; H—D—Leu—D—-Val
—D—-Phe—NH-NH-COCH;; H-D-Leu—D-Val-D—Phe—NH—-NH ;.
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: (D-Leu-D-Val-D—-Phe—D—-Cha—D-Leu)(SEQ ID NO : 5) ; (D—Leu—D—-Val-D—-Cha-D
—Phe—D—Leu)(SEQ ID NO : 6) ; (D—Leu—D-Val-D—Phe—D—[p—F]Phe—D—Leu)(SEQ ID NO : 7) ; (D—-L
eu—D—-Val-D—[p—F]Phe—D—-Phe—D—-Leu)(SEQ ID NO : 8) ; (D—Leu—D-Val-D—Phe—-D—-[F s]Phe—-D-L
eu)(SEQ ID NO : 9) ; (D—Leu—D—Val-D—[F 5]Phe—D—Phe—D—Leu)(SEQ ID NO : 10) ; (D—Leu—D-Phe
—D—-Cha—D-Val-D—Leu)(SEQ ID NO : 11) ; (D—Leu—D—-Phe—D—[p—F]Phe—D—-Val-D—Leu)(SEQ ID NO
:12) ; D—Leu—D—-Phe—D—[F 5]Phe—D—-Val-D—Leu)(SEQ ID NO : 13) ; (D—Leu—D—-Phe—D—-Lys—D-Va
I-D—Leu)(SEQ ID NO : 14) ; (D—Leu—D—-Cha—D—-Phe—D—-Val-D—Leu)(SEQ ID NO : 15) ; (D—Leu-D—[
p—F]Phe—D—-Phe—D—-Val-D—Leu)(SEQ ID NO : 16) ; (D—Leu—D—[F 5]Phe—D—-Phe—D-Val-D—Leu)(SE
QIDNO:17); (D—Leu—D—-Lys—D—Phe—D—-Val-D—Leu)(SEQ ID NO : 18) ; (D—Leu—D—-Cha—D—-Cha—-D
—Val-D—Leu)(SEQ ID NO : 19) ; (D—Leu—D—-Val-D—-Cha—D—-Cha—D—Leu)(SEQ ID NO : 20) ; (D—Leu—
D—[p—F]Phe—D—[p—F]Phe—D—Val-D—Leu)(SEQ ID NO : 21) ; (D—Leu—D—-Val-D—[p—F]Phe—-D—[p—F
JPhe—D—-Leu)(SEQ ID NO : 22) ; (D—Leu—D—-[F 5]Phe—D—-[F5]Phe—D—-Val-D—Leu)(SEQ ID NO : 23) ;
(D—Leu—D-Val-D—[F 5]Phe—D—[F 5 ]JPhe—D—Leu)(SEQ ID NO : 24) ; (D—Leu—D-Val-D—-Phe)(SEQ ID
NO : 25).
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*N,N— —(Gly—-D-Ala—D—-Phe—D—-Phe—D—-Val-D—-
Leu)—NH,; N,N— —(D-Ala—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N— —(Gly—D-Ala—D—Phe—
D—Phe—D—-Val-D—Leu)—NH ,; N— —(Gly—-D—-Ala—D—Phe—D—Phe—D—-Val-D—Leu)—NH ,; N—
—(Gly-D-Ala—D—-Phe—D—-Phe—-D-Val-D—-Leu)—NH ,; H—(D—-Leu—D-Val-D—Phe—D—-Phe—D—-Ala)—
; H—(D—Leu—D-Val-D—Phe—D—-Phe—D—-Ala)— ; N,N— —(Gly—-D-Ala-D
—Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N,N— —(D—Ala—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N,N—
—(D—Leu—D-Val-D—Phe—D—-Phe—D—-Leu)—NH ,; N,N— —(D-Leu—-D-Val-D—Phe—D—-Phe-D
—Leu)—NH,; N,N— —(D-Leu—D—-Phe—D—-Phe—-D—-Val-D—-Leu)—NH ,; H-(Gly—D-Leu—-D-Val-D—
Phe—D—Phe—D—Leu)—NH ,; N— —(Gly—D—-Leu—D—-Val-D—Phe—D—-Phe—D—-Leu)—NH ,; N— —(Gly
—D—-Leu—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N— —(D—-Leu—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH
23 N— —(D-Leu—D—-Val-D—Phe—D—-Phe—D—Leu)—NH ,; N— —(D-Leu—D—-Val-D—Phe—D—Phe—
D—Leu)—NH,; N,N— —(Gly—D-Leu—-D-Val-D—Phe—D—-Phe—-D—-Leu)—NH ,; H—(D—Ille-D-Val-D—
Phe—D—Phe—-D-lle)—NH ,; H—(D-Ille—D—Val-D—Phe—D—-Phe—D—-Ala)—-NH ,; H—(D—-Ille—D—-lle—D—Phe
—D—-Phe-D-lle)—NH ,; H—(D—Nle—D-Val-D—-Phe—D—-Phe—D—-Ala)—NH ,; H-(D—Nle—D—-Val-D—Phe—
D—Phe—D—NIle)—NH ,; 1— - —(D—-Leu—-D-Val-D—Phe—D—Phe—D—-Leu)—NH ,; 1— -
—(D—-Leu—D-Phe-D—-Phe—D-Val-D—-Leu)—NH ,; H-D—-Leu—D-Val-D—Phe—D—-Phe—D—-Leu—

; H—-D—Leu—D—-Phe—D—-Phe—D—-Val-D-Leu— ; H—(D—Leu—-D-Val-D—Phe—
D—Phe—D-Leu)— ; H—-(D—Leu—D—-Phe—D—-Phe—D-Val-D—-Leu)— ; H—(D—Leu—-D—-
Val-D—Phe—D—-Phe—D—-Leu)—0OH ; N— —(D-Leu-D-Val-D—Phe—D—-Phe—D—-Leu)-—NH ,; H—(D—-Leu
—D-Val-D—-Phe—-D—-Cha—D-Leu)—NH ,; H—(D-Leu—D—-Val-D—Phe—D—[p—F]Phe—D—Leu)—NH ,; H—(
D—Leu—D-Val-D—Phe—D—-[F s]Phe—D—-Leu)—NH ,; H—(D—Leu—D—Phe—D—-Cha—D—-Val-D—Leu)—NH ,;
H—(D-Leu—D—-Phe-D—-[p—F]Phe—D-Val-D—-Leu)—NH ,; H—(D—-Leu—D—-Phe—-D—[F 5]Phe—D—-Val-D—-L
eu)—NH,; H—(D-Leu—D—-Phe-D-Lys—-D-Val-D—-Leu)-NH ,; H-(D-Leu—D—-Cha—D—-Phe—D-Val-D-L
eu)—NH,; H—(D-Leu—D-[p—F]Phe—D—-Phe—D-Val-D—-Leu)—NH ,; H—(D—-Leu—D-—[F 5 ]Phe—D—Phe—-D
—Val-D—-Leu)—NH,; H—(D—-Leu—-D—-Lys—D—-Phe—D—-Val-D—Leu)—NH ,; H-(D—-Leu—D—-Cha—D—-Cha-D
—Val-D-Leu)—NH ,; H—(D-Leu-D—-[p—F]Phe—D—-[p—F]Phe—-D-Val-D—Leu)—-NH ,; H—(D—Leu—-D-[F
5 JPhe—D—[Fs]Phe—D—-Val-D—Leu)—NH ,; H—(D—Leu—D—-Lys—D—-Lys—D—-Val-D—Leu)—NH ,; N— -
(D—-Leu—D-Val-D—Phe—D—-Cha—D—-Leu)—NH ,; N— —(D—Leu—D-Val-D—Phe—D—[p—F]Phe—D—Leu)
—NH, ; N— —(D-Leu-D-Val-D—-Phe—D-[F 5]Phe—D-Leu)—NH ,; H—-D—Leu—D-Val-D—Phe—NH-(H
—D-Leu-D-Val-D—-Phe-)NH ; H—-D—-Leu—D-Val-D—Phe—NH-NH-COCH ;; H-D-Leu—D-Val-D-P
he—NH—NH,.

PP1-1319 : H—(D—Leu—D—Phe—[p—F]D—Phe—D—Val-D—Leu)-NH , P

Pl:1019 : N— —(D-Leu—D-Val-D—Phe—D—-Phe—D—-Leu)—NH , . ,D—Cha D-
; [P—F1f D—[p—F]Phe D-4- ( -
) ; [Fs]f D-[Fs]Phe D- ;D—Nle D-
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, , . 14cl23 |2;.24 |125 |131 |99m TC355 3H ’
14 C
14 C .
| oM T¢ .
[ , 5,443,815 ,
5,225,180 5,405,597 ( Dean ) ; Stepniak —Biniakiewicz, D. (1992)J. Med. Che
m.35 : 274 — 279 ; Fritzberg, A.R. (1988)Proc. Natl. Acad. Sci. USAS85 : 4025 — 4029 ; Baidoo, K.E.
(1990)Cancer Res. Suppl.50 : 799s — 803s; Regan, L.  Smith, C.K. (1995)Science270 : 980 —
982 1 Aic oM T
, AB (Phe 19 Phesg )
. A2 ( =13.2 )
120 ( =4 ) (PET) 121 ( =60 )
’131 | ( =8 )
, MG—-ACD ApB
AB
’ B - " " ’
AB B -
n 2 n —
[ , Moss, J. (1995) inPeptide—Based Drug Design : Controlling Transport andMet
abolism,Taylor, M.D.  Amidon, G.L. (eds), Chapter 18 1" " CNS
[ , Bodor, N. (1992)Science257 : 1698 — 1700 ; Prokai, L.

(1994)J. Am. Chem. Soc.116 : 2643 — 2644 ; Bodor, N.  Prokai, L. (1995) inPeptide—Based Drug Desig
n : Controlling Transport and Metabolism, Taylor, M.D.  Amidon, G.L. (eds), Chapter 14 1
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. Bodansky, M.Principles of Peptide S
ynthesis,Springer Verlag, Berlin (1993)  Grant, G.A (ed.).Synthetic Peptides : A User' sGuide,W.H. Fre
eman and Company, New York (1992)
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AP A405nm . '
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: : )
, (PLG)
( B - )
1] _V - .
Bodor, N (1992) Science 257 : 1698 — 1700
B - , 50 — 200 mM -y -
B - AB
[Camilleri, P. (1994) FEBS Letters 341 : 256 — 258 1. ,
ApB . [Hanessian, S.
(1995) J. Org. Chem. 60 : 4786 — 4797 1
1 AB
—80,
(PEG) . 0.16 % —80, 1.3 % PEG—-300

0 2% ,



. (BBB)
. BBB
BBB [ , Pardridge, W.M. (1994)Trends
inBiotechnol.12 : 239 — 245 ; Van Bree, J.B. (1993)Pharm. World Sci.15:2 — 9;  Pardridge, W.M.
(1992)Pharmacol. Toxicol.71 : 3 — 10 1.
L , Shashoua 4,933,324 PCT WO 89/079
38 ; Hesse 5,284,876 ; Toth, I. (1994) J. Drug Target. 2 : 217 — 239 ;
Shashoua, V.E. (1984) J. Med. Chem. 27 : 659 — 664 1 [
, Poduslo 5,260,308 1 N— "
" [ , Hashimoto 5,112,863 1
BBB
, BBB - -
(transcytosis) ,
BBB . ,
[ :
Friden 5,182,107 , 5,154,924 PCT WO 93/10819 , WO 95/024
21 ]. BBB L , Pardridge ~ Schimmel
4,092,505 ] , , , , , ,
( , Heinstein 5,416,016 5,108,921 ) .
, GLUT-1 BBB ([Met5] L— —B -D-
) [Polt, R. (1994) Proc. Natl. Acad. Sci. USA 91 : 7114 — 1778 1
. GLUT-1 .
, Aic L 3—-(0-
- )— 1 Aic
DNA ( ; ) :
( : ).
BBB , BBB .
. ( Faden PCT WO 88/07851 WO 88/07852 )
( , Khan 5,413,797 , Mathiowitz
5,271,961 Gombotz 5,019,400 ). , ( , ) BBB
L , Collins PCT WO 91/04014 Greig
WO 94/02178 1
BBB , BBB
BBB " " ( ,
Malfroy—Camine 5,112,596 )  Kozarish 5,268,164
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: B —AP
CNS  , )
, , , , —CNS
, BBB
BBB ,
CNS , :

[ ., (Ommaya) (Rikker) ; , Raney, J.P. (1988)J. Neurosci. N
urs. 20 : 23 — 29 ; Sundaresan, N. (1989)0Oncology3: 15 — 22 1, [ ,Port—a—
Cath, Y— ; Plummer, J.L. (1991) Pain 44 : 215 — 220 ; Yaksh, T.L. (1986)Pharmac
ol. Biochem. Behav.25: 483 — 485 1, [ ., (Spinalgesic) ; , Bra
zenor, G.A. (1987)Neurosurgery21: 484 — 491 1, [ . (Infusaid)
; , Zierski,J. (1988)Acta Neurochem. Suppl.43: 94 — 99 ; Kanoff, R.B. (1994)J. Am. Osteopa
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B —AP
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, B - (1BM)
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1 1: D- B -
D— B — , N® —9— (FM
0oC)— - .2.5mmol FMOC-D-Val—
, 4— , 1— (HOBY) (DIC)
) 13 [25 /N— - (NMP)],
15 , 1 NMP 5 ,60 , NMP 5 . N—
, FMOC—-D— N— -
700 (TFA)(825 ), (5 ), G ). G ).
25 ) 2
(2400 rpm x 10 )
. 10 .
, 60 25 (ACN)/0.1 TFA Cc18
(HPLC)
, D— B - 0.25 mmol
PS3 (Rainin PS3 peptide synthesizer)
.2—(1H- -1- )-1,1,3,3- - - - (HBTu)/FMOC-D-—
4— 0.4 M N— (NMM)/ (DMF) 60
, 20 /DMF 20 FMOC .95 TFA/ 1
. 40 /
, C18 (Vydac C18 column ; 21 x 250 ) 15 -50
HPLC 60
N-— B —
( ,13-20p ) . N— FMOC NM
M 20 DMF . -
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A, : 5 ) NMP, DMSO
. HOBT DIC ( 5 ) 1
, HOBt 1- -7- (HOAD)
B, : 5 ) NMP, DMSO
1 - . (DIEA ; 6 )
( ) ’ N-— -
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HPLC (crude peptide)
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, AB 1_40 2 / HFIP(1,1,1,3,3,3— -
2— : 10, 522 — 8) 30 . HFIP— 5
6.9 / (25x ) (DMSO0) , 5 ,
0.2 (VWR cat. No. 28196 — 050) . DMSO  100x
. DMSO 4 25X AB 1_40 DMSO 1
, AB 1:1 .
, DMSO  AB 140 AB 1_40 DMSO
. .10 96—
( ; cat. No. 2500) .90
, 30 , 100 2x PTL
(20 mM NaH , PO,, 300 mM NacCl, pH 7.4) , 30 , —
450 405 t=0)
5 .15
B - B —AP C .
405 ) ,
C 405
).
B - ’ B -
T(Th-T) B - Th-T
).
B.
: ;12 x 75 : GF/F 25
14 PBS/0.1 20 (PBST) ; AB ; ; ;
, 3 .4 DMSO/PBS 200y M AB  1_40 1
37 8 8 " (aged)" AB . "
"AB —-80
200 u M AB PBST 4u M (16 mIPBST 320 ) . 100y L
B — 2y M- 200 fM
5 mM DMSO 1:3 1.6667 (400 DMSO 200 ).
1.6667 mM DMSO 1:3 0.5556 (400 DMSO 200 ).
555.556 y M DMSO 1:3 185.19 (400 DMSO 200 ).
185.185 u M DMSO 1:3 61.728 (400 DMSO 200 ).
61.728 uy M DMSO 1:3 20.576 (400 DMSO 200 ).
20.576 y M DMSO 1:3 6.8587 (400 DMSO 200 ).



6.859 u M

2.286 4 M

762.079 nM

254.026 nM

84.675 nM

28.225 nM

9.408 nM

3.136 nM

1.045 nM

348.459 pM

116.153 pM

185.185 p M

61.728 p M

20.576 p M

6.859 y M

2.286 u M

762.079 nM

254.026 nM

84.675 nM

28.225 nM

9.408 nM

3.136 nM

1.045 nM

348.459 pM

116.153 pM

2.2862

0.7621

254.03

84.675

28.225

9.4084

3.1361

1.0454

0.3485

116.15

38.718

7.4074

2.4691

0.823

0.2743

0.0914

30.483

10.161

13.938

4.6461
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(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(400 DMSO 200 ).
(1.2 mLPBST 50 L).
(1.2 mLPBST 50 L).
(1.2 mLPBST 50 u L).
(1.2 mLPBST 50 L).
(1.2 mLPBST 50 u L).
(1.2 mLPBST 50y L).
(1.2 mLPBST 50 L).
(1.2 mLPBST 50 L).
(1.2 mLPBST 50y L).
(1.2 mLPBST 50 L).
(1.2 mLPBST 50 L).
(1.2 mLPBST 50y L).
(1.2 mLPBST 50 L).
(1.2 mLPBST 50 L).
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B - (200p L) AB
B - PBS/0.1 -20
20,000 dpm/100 p L . B -
100
37
, PBST .2
GF/F .37 ( 5mb
PBST . 5mL PBST 2
2 ,
.1 ,
(GraphPAD)
C.
AB " (seed)" AR AB
. AR
B - :
2
, AB 140 ! ! (
AB 10 ). T(Th-T) .Th=T Ap
- [Levine, H. (1993)Protein Scienc
e2: 404 — 410]. B —AP B —AP , B —-AP Th-T
385 nm( ;ex) 445 nm( ; em) 450 nm (ex) 482 nm
(em)
Th-T ,
B - T
AR 1/25 (DMSO0) AB 1_40
, 1/2 1/2 2x PBS (10x PBS : NaCl 137 mM, KCI 2.7 mM, Na >HPO,- 7H
>0 4.3 mM, KH ,P04 1.4 mM, pH 7.2) 200 p M .
, 1 AR 8 37 18,23,26 30 2
5,25,50 100 . (FU) ( 100 — 150x) 30 50
2 . 1x PBS
1 mM (10x ) . , 1/10 DMSO
IxPBS 1mM . 100pM 10p M 1/10
, 50 200 p M , 125 FU (
, 3-6 ) 10 10x . 1x PBS 100
.2 100y M 10 u M,
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PPI# MMM HH Alag aMe =B Kd's
5uM  25uM  1.25 puM cmpd ref cmpd ref Kd
803 <1 <1 <1
913 1 1 1
968 >5 >5 2
969 >3 >5 3 1.13 x 10®° | PPI-558 3.7x 107
970 >5 >5 1
992 3 1 1 2.43 x 10° | PPI-558 | 3.70x 107
993 1 1 ]
1005 3 3 1
1006 i 1 1
*1007 4 4 3 8.64x 10" | PPI-558 | 1.69x 107
#1007 1.5 1.5 1.5 6.27 x 107° | PPI-558 | 2.75x 107
1008 1.75x 107 | PPI-558 | 1.00x 107
#1013 2 >3 2 2.47 x 10 | PPI-558 | 1.69x 107
1017 3.80x 10" | PPI-558 | 2.42x10°
1018 7.01 x 10 | PPI-558 | 242 x 107
1020 6.01 x 10" | PPI-558 | 242x 107
1022 1.50x 10 | PPI-558 | 1.00x 107
1025 430x 10™ | PPI-558 | 1.00x 107
1028 4.90 x 10" | PPI-558 1.00 x 107
1038 6.52x 10" | PP1-558 | 3.76x 10"
1039 2.44 x 107 | PPI-558 | 3.76 x 10°
1040 4.08 x 10" | PPI-558 2.4x10°
1041 1.61 x 107 | PPI-532 2.4x10”°
1042 2.34x 107 | PP1-558 2.4x 107
1088 3.40x 10° | PPI-558 1.93 x 107
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5.7x 10" | PPI-558 3.3x 107

1.02 x 107 | PPI-558 1.93x10°

3.7x 107 | PPI-558 3.5x 107

6.04x 10" | PPI-558 | 1.93x10°

3.3x 10" | PPI-558 3.5x 107

1.12x 10®° | PPI-558 | 3.34x10°

MY #d dolE= 3, 1 ¥ 0.3 uM =E=S0M S35 UL

L

-

MM ZHE OojlEH= 2.5, 1.25 ¥ 0.6 uM =El=0M SEEIICH
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PPI# 4N CjojE AMG E Kd's
3uM 1 uM 0.3 uM cmpd ref cmpd ref Kd

*1019 | >25 | >25 2.0 411 x 10" PPI-558 1.69x 10°
1019 534x 10" PPI-558 1.93x10°
1301 1.1x10° PPI-1318 1.4x 107
1302 2.2x 10T PPI-1318 1.4x10°
1303 1.1x107 PPI-1318 1.4x 107
1318 >3 2 1 7.7 % 107 PPI-558 23x10°
1318 1.4x10°

1318 6.2x 10T

1319 >3 >3 ]

1320 >3 3 1 1.4x 107 PPI-1318 | 6.2x 107
1321 <] <1 <1

1322 1.2x 107 PPI-1318 | 6.2x 10"
1323

1324

1325 1.4x 107 PPI-1318 1.4x 107
1326 56x 10" | PPI-1318 | 62x 10"
1327 82x 107 PPI-1318 1.4x 107
1328 2.4x10° PPI-1318 | 62x 10"
1329
*1125 >2.5 >2.5 2.0 1.27 x 107 PPI-558 2.08x 10”
1125 1.34x 107 PPI-558 5.05x 107
1133 3.18 x 107 PPI-558 2.08 x 10”7
1155 1.24 x 107 PPI-558 2.08x 107

= .

0.3y M

)

S5p M

AB 1-40
( Lag)

50 M, 2.5u M, 1.25u M, 3y M, 1y M

0.3y M

« HR MMM HAH™ OOolEE= 2.5, 1.25 ¥ 0.6 utM EIEI20iIM =HE|UCT.

(54 M, 2.5u M, 1.25p M, 3u M, 1y M
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PPI #

2x AMS 28 Kd's |
cmpd
PPI-504 TFA « H-(lv-[3-I]y-fa)-NH,
PPI-1181 TFA « H-(Ivffl)-NH-Et
PPI-1465 TFA « H-lvffl-NH-CH,CH,-NH, 3.6x10°
PPI-1603 TFAe H-(GGCIvffl)-NH,
PPI-1604 TFAe H-(GGClvfyl)-NH,
PPI-1605 TFAe H-(GGCIv{-[3-1}y-1)-NH,
PPI-1619 | 2TFA e H-LVF-NH-NH-FVL-H 3.5x10°
(1125 2| RAH )
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PPI-1621 2TF A  H-LVF-NH-NH-fvl-H 8.7x 107
(1125 2] [FAMH)
PPI-1635 TFA e H-1ff-(nvi)-1-NH, 1.4 x 107
PPI-1636 TFA e H-1{-[pFf-(nvl)-1-NH, 1.5x 107
PPI-1637 TFA e H-1-[pFIf-[pF]f-(nv])-1-NH, 1.8 x 107
PPI-1782 TFA-Me-Ivyfl-NH,
PPI-1783 TFA-H-(Ivyfl)-NH
PPI-1784 TFA- Me-(Iv-[p-Ff-11)-NH, 25x 107°
PPI-1785 TFA-H-(Iv-[p-Ff-f1)-NH, 28x10°
PPI-1786 TFA<H-(Ivi-[p-F ]f-1)-NH,
PP1-1787 TFAsMe-1vff-[nvl])-NH, 5.8 x 107
PPI-1788 TFA+ Me-(lvff-[nle])-NH, (—4 x 10™)
3-EQIE HA
PPI-1799 TFA-Me-1vffl)-OH
PPI-1800 TFAe Me-(1vffl)-NH-OH (~4 x 107
3- ZOIE A
PPI-1805 TFA » H-(v-[p-F]f-f-(nv))-NH,
PPI-1806 | TFA « Me-(I-v-[p-Fi-f-(nvl))-NH,
PPI 1807 | TFA - H-((nv)-v-[p-F f-f-nv1)-NH,
PPI-1818 | TFA « H-(I-(nvD)-[p-F|f-f-(nv])-NH,
PPl 1819 | TFA - H-((nvD-(nv)-[p-F]E-f-(nv1))-
NH,
PPI 1820 TFA « Me-(I-(nvl)-[p-F}f-f-(nv))-
NH,
PPI 1827 TFA « H-(Ivii-(nv]))-NH,
PPI 1828 Ac-(Ivffl)-NH,
PPI 1829 Ac-(Ivffl)-OH
PPI 1830 TFA « H-(Iv-[3-1]y-f1)-NH,

(nvl) = D—Eute]

[B3-ly = 3-RS=~-D-E|=2I

PPI-1801

[p-F1f =

H—-LPFFD—-OH

- 42 -
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, 1,2 3, 2 B — AB
6 6:
B - B -
( PC-12 NT-2 ) 3—-(4,4- -2— )-2,5- -
MTT) [ , Shearman, M.S. (1994)Proc. Natl. Acad. Sci. USA91: 1470 —
1474 ; - Hansen, M.B. (1989)J. Immun. Methods119: 203 — 210
]. PC-12
(ATCC CRL 1721 ). MTT ( )
B — , AR AB
100 DMSO AP 1_40 , 1/2 H,O0
1/2 2x PBS 200 p M ,4 DMSO
" (fresh)" AB " " AB
, 1.5 ml 8 37
" "AB —-80 .PC12 NT2
. PC12 10 , 5 , 4
mM 1 (DMEM) . NT2
10 , 2 mM 1 OPTI-MEM ( CAT. # 319
85) 3-4 96— 90 10 —
15,000 / AB AB (10p L)
1:10 1-10u M 48
37 3 B —AP 1/
MTT 37 MTT 2
100 p L /0.4 N HCI PBS 10
570 nm
, G 8 )AB 1-40 ( AB 1-40 )
AB 1-40 )
5 8 AB 1-40
AB 1_40 EC, PC12 NT2 1-2uM
AB 140 B - , 2
AB 1-40 B —AP/
1) 2) MTT
48 AB 1-40
B — , A
B 1-40 : B —AP/
, 37 24
AB 1_40
7 7
(CSF) . CSF 75
CSF( ), 23 2



wiv)( '
CSF 40u M 15p M
37 .24 '
HPLC
A: 0.1 (TFA)(vIV)
B:0.085 TFA/ , 1 H ,0/v)
1100 — 250 p L
(run) : 5 10 B, 60 10-70 B
1090 HPLC
1 x 250 mm ( # 214TP51) 50 p L/ ,
80 nm
8 8
AB -
(219 - 302 9)
1
60 ,
Triguero
sae
PPI 2x
1324 TFA. H-(I-[F5}f-fvi)-NH2
1318 TFA. H-(if-D-Cha-vl)-NH2
1319 TFA. H-(If-[p-F}f-vl}-NH2
1327 TFA. H-(I-[p-F]f-[p-F]f-v}-NH2
1301 TFA. H-(Ivf-D-Cha-1)-NH2
1302 TFA. H-(Ivf-[p-F}f-)-NH2
1328 TFA. H-(-[F5}f-[F5]f-vl)}-NH2
1322 TFA. H-(I-D-Cha-fvl)-NH2
1303 TFA. H-(Ivf-[F5]f-1)-NH2
1326 TFA. H-(I-D-Cha-D-Cha-vI)-
NH2
1320 TFA. H-(If-[F5]f-vl)-NH2

* Ol AX 71&= D-HEfE LIEPHC.

- 44 -

27,685 — 5)

.25 (viv)

©
HPLC

(1

LC/MS/MS

Foi

mwt Conc mg/kg
(mg/mL) v
841 1.20 4.9
757 0.29 1.0
769 1.70 6.6
787 0.98 4.0
757 0.70 2.9
769 0.19 0.7
931 0.29 1.2
757 0.03 0.1
LER 027 1.0
763 0.05 0.2
841 0.70 3.0

2002-0007316

24 )

C4,5p m,
214, 230, 260 2

4 mL/ ).

(1990)J. Neurochem.54 : 1882 — 1888
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PPI# 2= SEQ ID NO
803 TFA-N,N- C|HI&! -(Gaffvi)-NH,
913 TFAN,N-CIHg! -(affvl)-NH,
918 TFA-H-(I-[Me]v-ffa)-NH,
968 TFA<N-mIg! -(Gaffvl)-NH,

969 TFA-N-0lEl-(Gaffvl)-NH,
970 TFA<N-ol2 === -(Gaffvl)-NH,
992 TFA<H-(lvffa)-o| 2 ===l ojo|=
993 TFA<H-(Ivffa)-ClmIE oo =

1005 TFA*N,N- cloj|! -(Gaffvl)-NH,

1006 TFA+N.N- C|oj=! -(affv])-NH,

1007 TFA-N,N-C|oI ! -(lvffl)-NH,

1008 TFA*N,N-Cloj|! -(Iffvl)-NH,

1013 TFA<H-(Glv{fl)-NH,

1017 TFA-N- ofl=! -(GIvffl)-NH,

1018 TFA+N- ollE! -(Glffvl)-NH,

1020 TFA-N-mj|&! -(Iffv])-NH,

1022 TFA-N- of|=! -(1vffl)-NH,

1025 TFA-N-=2=! -(Ivffl)-NH,

1028 TFAN.N-CIoIE -(Glv{fl)-NH,

1038 TFA<H-(ivffi)-NH,

1039 TFA+H-(ivffa)-NH,

1040 TF A+H-(iiffi)-NH,

1041 TFA+H-(D-Nle-vffa)-NH,

1042 TEFA«H-( D-Nle-vff- D-Nle)-NH,

1088 TFA-1- m&#f2}=! - oM E! -(1vffl)-NH,

1089 TFA-1-Z|HIZ| S - o} MIE! -(1ffvl)-NH,

1093 TFA-H-Ivffl-0|&~===o}n|=
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2002-0007316

1094 TFA-H-Iffvl-0| A== ol =
1179 TFA-H-(Ivifl)-migtotn| =
1180 TFA-H-(Iffv])-pilolo|=
1261 TFA-H-(lvffl)-OH

1019 TFA<N-mIE -(1vffl)-NH;
1301 TFA-H-(Iv{-D-Cha-1)-NH,
1302 TFA<H-(Iv{-[p-F]f-)-NH,
1303 TFAH-(Iv{-[Fs]f-1)-NH,
1306 N- o &!-(Ivf-D-Cha-1)-NH,
1307 N-mg!-(Ivi-[p-F]f-1)-NH,
1308 N-ml=l-(Ivi-[F,}{-1)-NH,
1318 TFA<H-(1f-D-Cha-v1)-NH,
1319 TFA<H-(If-[p-F]f-vl)-NH,
1320 TFA-H-(If-[Fs]f-v])-NH,
1321 2TFA~H-(1fkvl)-NH,
1322 TFAH-(1-D-Cha-fvl)-NH,
1323 TFA+H-(I-[p-F]f-fv])-NH,
1324 TFA«H-(I-[Fs]f-fv])-NH,
1323 2TFA~H-(lkfv])-NH,
1326 TFA-H-(1-D-Cha-D-Cha-vI)-NH,
1327 TFA*H-(I-[p-F}f-[p-F]f-v1)-NH,
1328 TFA*H-(1-[Fs]{-[Fs]f-vl)-NH,
1329 3 TFA*H-(Ikkv])-NH,
1125 2 TFA<H-Ivf-NH-NH-fvl-H
1133 TFA-H-Ivi-NH-NH-Acetyl
1155 TFA-H-Ivf-NH-NH,
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, Xaa;, Xaa,, Xaa;', Xag'

(57)

1.

, Xaa;

1 D_
NH—-NH
Y

a
Xaa;', Xag'
Xaa,' Xag'
D— L—
z

b
A
n 1

2.

, Xaaq
1 D_

(Xaa) ,

(Xaa) p

, Xagg', Y, Z,A n

/
(Y-Xaa,-Xaa,-NH-[(Z-Xaa,’- Xaa,’-Xaa;’-) NH]

Xaa,
D-—

2002-0007316

H-D-Leu-D-Val-D—Phe—NH—(H-D-Leu—D—-Val-D—Phe—)NH ; H-D—Leu—D—-Val-D—Phe—NH—-NH—-
COCH;s; H—D—-Leu—D—-Val-D—Phe—NH—-NH ».

3.
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n
( Y-Xaa1-Xaaz-Xaa3-Xaa4-Z/A

, Xaa;, Xaa,, Xaaz Xaa, D— , Xaa;, Xaa,, Xaaz Xaay 2 D—
, D— , D—4— ( - ), D—
’ ’ ’ D_ ’ D_ D_
(Xaa) , , Xaa D-—
a 1 15 ;
(Xaa) y, , Xaa D-—
b 1 15 ;
1 15 ;
, Xaa,, Xaa,, Xaaz, Xaas, Y,Z,A n B — ,
’ B - B - 3
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N,N— —(Gly—D—-Ala—D—-Phe—D—-Phe—D—-Val-D—-Leu)—NH ,; N,N— —(D—Ala—D—-Phe—D—Phe—
D—Val-D—Leu)—NH,; N— —(Gly—D-Ala—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N— —(Gly-D-A
la—D—Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N— —(Gly—D—-Ala—D—-Phe—D—-Phe—D—-Val-D—Leu)
—NH, ; H—(D—Leu—D-Val-D—-Phe—D—-Phe—D—-Ala)— ; H—-(D—Leu—-D-Val-D—Phe—-D-P
he—D—Ala)— ; N,N— —(Gly—-D-Ala—D—-Phe—D—-Phe—D-Val-D—Leu)—NH ,; N,N—
—(D—Ala—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N,N— —(D—Leu—D-Val-D—Phe—D—-Phe—D—-Leu)
—NH, ; N,N— —(D—Leu—D-Val-D—Phe—D—-Phe—D—-Leu)—NH ,; N,N— —(D—Leu—D—-Phe-D-P
he—D—Val-D—-Leu)—NH ,; H-(Gly—D—-Leu—D-Val-D—Phe—D—Phe—D—Leu)—NH ,; N— —(Gly—-D-Le
u—D-Val-D—Phe—D—Phe—D—Leu)—NH ,; N— —(Gly—-D—-Leu—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,;
N— —(D-Leu—D—-Phe—D—-Phe—D—-Val-D—Leu)—NH ,; N— —(D—-Leu—D-Val-D—Phe—D—-Phe—D-L
eu)—NH,; N— —(D-Leu—D—-Val-D—Phe—D—Phe—D—-Leu)—NH ,; N,N— —(Gly—D-Leu—-D-Val
—D—-Phe—D—-Phe—-D—-Leu)—NH ,; H-(D-lle-D—-Val-D—Phe—D—-Phe—-D-lle)-NH ,; H-(D-lle—D—-Val-D
—Phe—D—-Phe—-D—-Ala)—NH , ; H—(D-Ille-D-Ille—D—Phe—D—-Phe—-D-Ille)—-NH ,; H—(D—Nle—D-Val-D—-P
he—D—Phe—D-Ala)—NH , ; H—(D—Nle—D—-Val-D—Phe—D—-Phe—D—NIle)—NH ,; |- - —(D-Le
u—D—-Val-D—Phe—D—-Phe—D—-Leu)—NH ,; |- - —(D—-Leu—D—-Phe—D—-Phe—D—-Val-D—Leu)—
NH, ; H—-D—-Leu—-D-Val-D—-Phe—D—-Phe—-D—-Leu— ; H-D—Leu—D—-Phe—D—-Phe—D-Val—
D—Leu— ; H—(D—Leu—D-Val-D—Phe—D—-Phe—D—Leu)— ; H—(D—Leu—D-—Phe
—D—-Phe—D-Val-D—Leu)— ; H-(D—Leu—D—-Val-D—Phe—D—Phe—D—Leu)—OH ; N— —(D-
Leu—D-Val-D—Phe—D—-Phe—D—-Leu)—NH ,; H—(D—-Leu—D-Val-D—Phe—D—-Cha—D—-Leu)—NH ,; H—(D—-
Leu—D-Val-D—-Phe—D—[p—F]Phe-D-Leu)—NH ,; H—(D-Leu—D-Val-D—Phe—-D—[F 5]Phe—D—-Leu)—NH
»; H—(D—-Leu—D—-Phe—D-Cha—D-Val-D—-Leu)—NH ,; H—(D—Leu—D—-Phe—D—-[p—F]Phe—D—-Val-D—-Leu)
—NH, ; H—(D—Leu—D—-Phe-D-[F 5]Phe—D-Val-D—-Leu)—NH ,; H—(D—-Leu—D—-Phe—D—-Lys—D-Val-D—
Leu)—NH,; H—(D-Leu—D-Cha—D—-Phe—-D-Val-D—-Leu)—NH ,; H—(D-Leu—D—[p—F]Phe—D—-Phe—-D-V
al-D—Leu)—NH,; H—(D—-Leu—D—[F 5 ]Phe—D—Phe—D-Val-D—-Leu)—NH ,; H—(D—Leu—D—-Lys—D—Phe—
D—-Val-D—-Leu)—NH,; H-(D—-Leu—D-Cha—D—-Cha—D-Val-D—-Leu)—NH ,; H—(D—Leu—D—-[p—F]Phe—D—
[p—F]Phe—D—Val-D—-Leu)—NH ,; H—(D—Leu—D—[F 5]Phe—D—[F 5 ]JPhe—D—Val-D—Leu)—NH ,; H—-(D-L
eu—D—-Lys—D—-Lys—D—-Val-D—Leu)—NH ,; N— —(D-Leu—D—-Val-D—Phe—D—-Cha—D—-Leu)—NH ,; N—

—(D-Leu—D-Val-D—Phe—D—[p—F]Phe—D—-Leu)—NH ,; N— —(D—Leu—D-Val-D—-Phe—-D—[F 5]P
he—D—Leu)-NH,; H—-D-Leu—-D-Val-D—Phe—NH-—(H-D-Leu—D—-Val-D—Phe—)NH ; H—D—Leu—D—-Val
—D—-Phe—NH-NH-COCH;; H-D-Leu—D—-Val-D—Phe—NH—-NH ,.

5.

H—(D—-Leu—D—-Phe—[p—F]D—Phe—D—-Val-D—Leu)—NH .

6.

N— —(D—-Leu—D-Val-D—Phe—D—-Phe—D—-Leu)—NH ,.
7.

1,2,3,4,5 6



2002-0007316

1,2,3,4,5 6 B - B —

B - B —

10.

9 B -
11.

9 B - B -
12.

9 ,
13.

1,2,3,4,5 6 B -

B -

14.

13 :
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Lags 10 1, Saster
= i A e U ampso v
PPI| =] = mwt | o f ws || Vol [ ok & BN o] raere [ PPl
lvtde
| O o aaen e [X] 33 33 24 2 14 14 [t
TEA. bvddd
88| 18 [wa npamea ~ 1.0 46 1828473 79 50 3 2 6 “s
wrel 70 [P neueromniea - Y] 34 [YRANY] T2 59 4 17 4 e
3
TFA. Hdwd
8| 78 [ra wemasec ~ 16 70 A 87,84 76 2 57 2 16 8 )
]
x| 77 [TFA. H-{{FJNH, o 07 3.0 40.57.43 6.3 o 16 4 10 3 1ax
] 77 [TFA. HHFJAv)NH, - 12 49 182202 4.1 u 23 2 9 & uu
ww!| 7 [TFA. H-Of{chajvO-NH, ~ 03 1.0 [YRTRY) 25 3 H 5 1 "
wes| 77 {TFA H-{p-FNvO-HH, ~ 17| es »ae72.012 349 ns 32 1 10 1 1
mar] 77 [TFA. HQH{pFN{p-FH-)-NK, nr 1.0 a0 408584 §3 a2 20 3 10 ) un
oet] 77 |TFA. H-(vi-{cha]{-NH,; " 07 29 152728 33 e 11 2 8 3 1301
1| 17 [TFA. H-OW{p-FIT)-NH, ~ 02 ['R4 28.08.12 1.3 o 4 4 12 3 1302
um| 7w |TFA HHFN{FIVO-RK, - 03 12 18T 14 1.0 o2 7 2 11 6 un
unrf 17 |TFA. H{{chal-tvi-NH, ~ 003 0t 020103 0.2 a 1 3 16 H [Ft-3
wes{ 77 {TFA R-QVI(FMHRH, ™ [X] 1.0 *a.08.1 08 o 4 2 7 5 103
um| 7 |TFA H{chaH{chalvO-NH, m || oos| o2 [YRTRV] 09 o 2 8 15 2 s
+ 100> £ HAHSERE AME £3F
2
EEE FE |
PPI-1019 ~®~[ N-Me(Iviil)NH2
PPI-1788 =0| H-([Me]l-vt-[nie])-NH2
PPI-1799 —&| H-([Me]l-vffl)-OH |
PPI-1800 —*—| H-([Me])l-vifl)-NHOH
PPI1-1801 ~e—) otd=l-(LPFFD)-NH2
1750+
© 15004
[=]
[Ty}
ot
Q
A 12504
g -
-
2
1000
o
a]
7504
5004
2504
0 T T T T 1
-12 -1 -10 -8 -8 -7 -6 -5
21 55 (M)
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SEQUENCE LI STI NG

<110> Praecis Pharmaceuticals, |nc.

<120> MODULATORS OF B- AMYLO D PEPTI DE AGGREGATI ON
<130> PPI - 068CPPC

<140> PCT/ US00/ 05574

<141> 2000- 03- 03

<150> USSN 60/ 122, 736

<151> 1999-03- 04

<160> 4
<170> Patentln Ver. 2.0
<210> 1
<211> 43
<212> PRT
<213> Hono sapi ens
<400> 1
Asp Ala Qu Phe Arg His Asp Ser Ay Tyr Au Val H's Hs @n Lys
1 5 10 15
Leu Val Phe Phe Ala Qu Asp Val Gy Ser Asn Lys Ay Ala lle lle
20 25 30
Gy Leu Met Val Ay Ay Val Vval Ile Ala Thr
35 40
<210> 2
<211> 103
<212> PRT
<213> Homo sapi ens
<400> 2
GQu Vval Lys Met Asp Ala Qu Phe Arg Hs Asp Ser Ay Tyr du Val
1 5 10 15
Hs Hs @n Lys Leu Val Phe Phe Ala Au Asp Val @y Ser Asn Lys
20 25 30
Gy Alalle Ile Ay Leu Met Val Gy Ay Val Vval Ile Ala Thr Val
35 40 45
Ile Val Ile Thr Leu Val Met Leu Lys Lys Lys @ n Tyr Thr Ser Ile
50 55 60
Hs Hs Ay Val Val Qu Val Asp Ala Ala Val Thr Pro Au Gu Arg
65 70 75 80
Hs Leu Ser Lys Met A n @n Asn Gy Tyr Qu Asn Pro Thr Tyr Lys
85 90 95
Phe Phe Au dn Met A n Asn
100
<210> 3
<211> 4
<212> PRT
<213> Artificial Sequence
<220>

<223> Description of Artificial Sequence: anyloid
deposit inhibitor peptide
<400> 3
Leu Val Phe Phe
1
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<210> 4

<211> 5

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: anyloid
deposit inhibitor peptide

<400> 4
Leu Val Phe Phe Al a
1 5
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