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A structure—activity relationship study was performed on cyclic RGD peptides using a combination of multisubsti-
tuted alkene dipeptide isosteres. To clarify the effects on bioactivity of a valine N-methyl group in the cyclo (-Arg-Gly-
Asp-D-Phe-MeVal-) peptide developed by Kessler’s group, novel D-Phe-Val-type isosteres with methyl-substituting
groups on the olefin were designed and synthesized. Syntheses of D-Phe-y [ (E) -CH=CMe] -Val-type isosteres were car-
ried out in essentially identical fashion to the previously reported preparation of y [ (E)-CH=CH] -type congeners. Al-
ternatively, D-Phe-y [ (E)-CMe=CX]-Val-type isosteres (X=H or Me) were synthesized via stereoselective alkylation
of B-(1,3-oxazolidin-2-on-5-yl) -o;,f-enoates using organocopper reagents. The resulting four isosteres were utilized in
either solution- or solid-phase peptide synthesis to afford the cyclic RGD peptidomimetics, cyclo (-Arg-Gly-Asp-D-Phe-y
[(E)-CX=CX]-Val-) (X=H or Me). ayp; and oy;,8; integrin antagonistic activities of the peptidomimetics along with
Kessler’s peptides were comparatively evaluated. In addition, structural calculations of these compounds by simulated
annealing/energy minimization using dihedral and distance restraints derived from 'H-NMR data in DMSO gave insight
into the effects of the valine N-methyl group as well as the D-phenylalanine carbonyl oxygen.
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Fig. 1. Structures of Cyclic RGD Peptides and EADI-Containing Cyclic RGD Pseudopeptides
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Fig. 2. Structures of (E)-Alkene Dipeptide Isosteres (EA-
DIs)
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Scheme 1. Synthesis of EADIs Having a Disubstituted
Alkene
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Scheme 2. Synthesis of [ (E)-CH=CMe]-Type EADIs
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Fig. 3. Utilization of w[(E)-CH=CMe]-and w[(Z)-CH=
CMe] -Type EADIs as Constrained Analogues of trans- and
cis-Peptide Bonds
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Scheme 3. Synthetic Scheme for EADI Having a Tri-Substi-
tuted Alkene

anti kO 7 )L 7 )L a2—)1 30a,b, 31a,b & ZFNZFN
BTz, Hin T, HEMSETORERIRIC
KOEZIVAFHI U > 32a,b,33ab &L, F
VUL & Wittig KIS I X D Rfafi T 2 5L
34a,b, 35a,b 257-. NS5 OHEEIL, TIVFIVE
FOSIZ B W TR & 722 p AL DN AKECE DY i+ 1
WEDT I F)VHONARBLE % BT 5 2 E AT
INHREINETORE LR TH D7, 30a,b,
3la,b O =FokE R 22O L FiEEE & LU TRIHAT
HZEITRD, BAHEOARILEZEKLL THS
(Scheme 4).

41V 7' 0t )L Grignard & 3 i 3 O A B8R R 1
£BFFH YUY/ 34a,b, 35a,b DT ILFILK
M2 DWWT, Table 112F &7~ (Scheme 5). B4
WCAFIVEZAE LU WEE 34a,b 7 H1%, i-PrCu
(CN) MgCl - BF; & O\ i-Pr,Cu (CN) (MgCl),+ BF;
DNWTNMS B anti-SN2 RO ST L, §FIX
BCHEMM % 5T- (entries 1—4)., Z DFE, cis K
DFAFH Y ) > 34b /n 51, D-Phe-dD-Val D
EADI 36b O A5 5 7= D%t L, trans 1K 34a
7 5 1% D-Phe-L-Val %4 ® EADI 36a 121 2 C D-Phe-
D-Val#D ZKDA V) X5 —38a EIEL . —,
BALICAFIVEZET HHE 35,b 051, HH 18
D7 IVFIVIL R & F#1Z, i-Pr,Cu(CN) (MgCl),
*BF; IC& > TOARKBAHEITL, WTNDEEDN
5 anti-SN2' AEIR D E 1K 37a,b & Z 1K 39a,b D



No. 5

273

BEAROREGNZENZENG S Nz (entries 5—
8). ZDHBL, cisthk35bn5E DT ILF IS
trans 1K 35a 0 5 O KINIZHENTH#EFFLIZL L, i-
Pr;Cu (CN) (MgCD) 3+ BF; Z H] W\ T 6 Hf2 D IR
THo/z (entry9). LLEDLDIZ, BEEITE-T

Bn\)LN/OMe
B |
BocHN  Me HO, Me Me, OH
27 Bn Bn._~2
or = =
OH “ BocHN R +BocHN R
Bn 30aR=H 30bR=H
H 31aR=Me 31bR = Me
BocHN R
28R=H
29R =Me
Substrate  Reagent Products
27 a 37 %, 30a:30b = 79:21
27 a 47 %, 31a:31b = 80:20
28 b 32 %, 30a:30b = 14:86
29 b 50 %, 31a:31b = 4:96

Illg

hj:

O
32aR=H (85%)
33a R = Me (98%)

/_é_/cogtBu
—’ Boc” \n/

34a R H (66%)
35a R = Me (71%)

30a
31a—’ Boc”

Mel: Bn M ,COgt-Bu
c N e}
R RO
o
32bR=H 34b R =H (63%)
33b R=Me 35b R = Me (40%)

Scheme 4. Diastereoselective Synthesis of f-Oxazolidinonyl-
o, -Enoates
Reagents: a: i) MeMgCl, ii) CH,=CR-MgX (R=H or Me), CeCl,. b:
i) (COCI),, DMSO, DIEA, ii) MeMgCl, CeCls. ¢: i) NaH, ii) (Boc),0. d:
i) O, gas, ii) DMS, iii) (EtO),P (0) CH,CO,-Bu, LiCl, DIEA, or PhyP=
CHCO,¢-Bu.
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Table 1. Alkylation of 8- (N-Boc-2-ox0-1,3-0xazolidin-5-yl) -o, f-Enoates 34a,b and 35a,b by Organocopper
Reagents

Entry Substrate Reagent Products (Yield%)
1 34a i-PrCu (CN) MgCl-BF;-2LiCI? 36a(68) +38a(31)
2 34a i-Pr,Cu (CN) (MgCl),+BF;-2LiCl® 36a(58) +38a(27)
3 34b i-PrCu (CN) MgCl-BF,;-2LiCl® 36b (95)
4 34b i-Pr,Cu (CN) (MgCl) ,+ BF;+2LiCl? 36b (95)
5 35a i-PrCu (CN) MgCl-BF;+2LiCI? —
6 35a i-Pr,Cu (CN) (MgCl),+BF;-2LiCIY 37a(75) +39a(20)
7 35b i-PrCu (CN) MgCl-BF;-2LiCI? —
8 35b i-Pr,Cu (CN) (MgCl) ,+BF;+2LiCl? 37b (55) +39b (19)
9 35b i-Pr;Cu (CN) (MgCl) 5+ BF;+2LiCl? 37b (52) +39b (25)

a) —78°C, 30 min. b)) —78°C, 30 min, then 0°C, 3 h.
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Scheme 6. Synthesis of Cyclic RGD Peptidomimetics. Rea-
gents: a: Boc-based Solution-phase Peptide Synthesis. b: i)
DCC, HONB, ii) 4 M HCl/Dioxane, iii) NMM. ¢: 1M
TMSBr. thioanisde/TFA, m-cresol, EDT. d: Fmoc-based
Solid-phase Peptide Synthesis. e: TFA. f: i) HCI. isoamyl ni-
trite, ii) DIEA. g: i) ACOH, ii) DPPA, NaHCO;. h: TFA.

DH L= %#%~X7F K% DPPA-NaHCO; IZ & D 5
ERINZATYY, EfliRERINICAd Z &ick s
LHZEMTER., UEDOXDIT, LEHRT IV R
AV AREY —INRTF RERLFE RS B D 2Rz Kk
BIEICIA 2 Z 2SN L.

5. 4A2T45 ) CEREEOFHE S BEE AR
5172 EADI #2580 X7 F K 3—6 & U)X D-Phe-
L-Val iz D X7 F R G % cis BITEEL 21
VYA —EZOXRTFRSIZONVT, ,2&&%
2oy M a3 7 > 7 I A MEHEZFML 7=
(Table 2).

oy 7 F IZA MEHIZDNT, 3—6 130T
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Table 2. Integrin Antagonistic Activities of Cyclic RGD Pep-
tides and Peptidomimetics

Peptide 1Calon) 1 s
RGDS® 98+29 270+41 2.7
1 6.8+2.7 770+120 110

2 1.4+0.31 280+42 200

3 3.6+1.3 140+18 40

4 2.44+0.33 81+18 34

5 3.3£0.93 10042 30

6 1.8+0.51 48+11 26

51 18000 370000 —

a) A linear peptide RGDS (H-Arg-Gly-Asp-Ser-OH) was used as a
standard peptide. b) SI values were calculated as SI=ICsy(cypfBs)
/1Cs0(atyfB3) .

1,3-7U U w7 X b LA O AREL IR 12
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WLz, ZRALV T4 2B TH21VAY—%5
OXRTFRS51LTIE, WAL T U TR LT
FLWEEOEK IR SHN, EwhaRA— 3>
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ThDalREMII G E I N,
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Table 3. Temperature Dependence of Amide Proton Chemi-
cal Shifts, —A46/4T (ppb/K) of Cyclic Peptides 1—6

Peptide Arg Gly Asp D-Phe Val
1 1.8 5.5 5.1 3.1 3.0
2 5.5 1.0 4.7 5.1 —
3 5.4 2.2 3.0 3.5 —
4 4.8 0.9 5.5 3.3 —
5 5.7 2.5 5.5 2.7 —
6 6.8 —1.4 7.4 2.5 —

Kessler © DIEET 5 type II'f ¥ — > G D EEE
"L 7z (Table 3). —7, 3—6 Ti Arg T 4.8~
6.8 ppb/K & KEREZE/RL, BIKRGD X7 F R
WCBWTEERT IV DBIA ) X5 —3ifF I Nz
type IV ¥ — U HEDEF—T7 L3 RbRNT &
MHAGNER ST, UL LIRNS, BERENZ &IT,
36 DEHT I JERED -A5/AT fEIZ, 1 &i13HR
20, DLUARDIEEOE N2 O EL<HLILT
Wiz, I2bb, Arg TR KRS REZRTH
DD, Gly TiZ -1.4~2.5ppb/K & FLBAY /NS Fo il
ZRL, GlyD7 2 R7OR PN TNHIES & D
BRSO N TWAIRBEICH D Z LRI N
/7. 51T, 3—6 ® NOESY A7 MLick D&
SN/ZEBE R, 2J(HNH) ofEinsHEH Ik
¢ —HADIHKZFT, Simulated annealing MD
AR EIRINF—HR/MEZETO . Bok3—6
DIXTFINF—OEEELELZE25, Wind
type IV ¥ — i #& £9, ZFEMLEZa >
RA—=2 3> THAHIENRBEINL. N6 2—
6 DIEEFERENS, 1005 2 DK 5 FOTEE E
FiZ, NU IO N- A F VIO K ERE S
OF7IRTO N INELBD, NN TNEL L
31770 EOMEERICERIERLEZ &
IZKDZENRBINT.

6. HHYIC
AFRICKD, EFESZIT I/ BEREEETSE
BT IV DB RTF RA Y ALY —DIAREIRD
BRIEEEN U, AIER, 2 DOARFHLOBE
LIRAHOMBEEFEROY X BEAHIZ, i+15%
FH OHIEZ 7 IV F AL ORI W 5 A SRR I
KET DI EMS, ZRERHARDED LAY —
DERICIHATETH S, £, ZTNHD1Y X
& — 3R OWME L IEEMHEIC KD XRTF RE

RIBICHEATES Z&m5, EBEERTF ROIE
HIZHRA—T a > OBRRICHEEICHHAT 2 Z &0
TE5HDThH5D. 35, BEEEROHASGDYE
RZRTINT AT AHBAVARAIY—EFHT S
EIzk D, BIKRGD XTF RD N- AF)ALIZLE
IO EFJN, AFIVEONLAERNRIERICE DS
DTS T I RAKENBEIINZZ LITXD T
WEL 3o FRIHAEERZRSZZLITLDHD
ThHhdHZEEZHSMNTLU .

A, AETHENLEZERT IV DBIA) R
H—IZMAT, cis®™7 I ROBFEHFELENENEIN
% Xaa-Pro PR T F RICHYET L1V A =373
PHINKRZINVEFEZE T v FZEFICEBRL 7))V 4 0
TG DBIA ) A =340 DERIED BT S 1,
ZOISHEP 2T TW5, AR ORERE S T T
HBY NI EOHEEDERERT XTF RS
&, HEERICEODSEREEL TOARST, &
FOR - ZREBEICREBREZEEZRITT I &M
5, TOIAT 1 v I &AW T DOBEREY
LT R XA =3 3 > O RIECHEARER X DR
RN DHDTHD. £z, Z<DOXRTFRIATF
1w 7iE, RARNT J LARRE D Z 5% 5B
IRBARMTFHRIND KRB AT > RS ORI
IRTF MRS FEELROTFTTA > 2175 L TH
WIMEFERMOFIEZRETH2HDOTHD, Ins
T DBA) R =S BIE<FHEINS I L&
L7z,

HEE AU, BEERER G A TR
A BEEEESBFICBNTITONEbDTH D, #
TR CHHEZ B D £ U o5 R R 2B R At
ZeR BRHEEBIRICOIOELHEL BT, %
T, AREIHETREEHO X LR ERS
BedEAtFeRt R mBhEUR, TATE R A&
<HALHU BFET. 518, AMREZZRTTDIC
BV ERETH N Wl & U3 Aa MRS
P OMRICHESEH#HNWZLXT

X it S AT 217> T E X L/
i LR WP ETEL NHEREZHE
+, HEWMRFERZFGEEEVIER Z2H MAEH
%, =Wmzaiahl, X7 F R OLEYRETE DM Z T
STWeEE R L aWniEkat wE—&
+, AR EL, STEFEREICEZD TR
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Wz 72 & R U s RER RS AER R
ahBhEER, EAMIEE L O - BYEEBER TR
AN LET. b, AMFEO—MIZSCERAER
FOTTEMI S RRITZEEREE) TXoTiTb
NzHbOTHO, PFETHEH N ZLET
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