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Development of Novel Synthetic Methods
for Cyclic Metallopeptides

Kazuki Shigemori

Department of Functional Molecular Science, School of Mathematical and Physical Science

The Graduate University for Advanced Studies

Introduction Cyclopeptides are a class of compounds with their biological activity and great
potential as functional molecules. The development of strategies for functionalizing cyclic
peptides is a fundamental challenge in the emerging field of de novo protein design. Natural or
even unnatural peptides would be promising prototypes of functionalized compounds, because
they can be rationally modified in terms of ‘sequence, size, and variety of side chains.  As
another advantageous tool for the functionalization of peptides, metal complexes would be
Aincorporated into peptides using the side chains of naturally occurring amino acids. In
comparison with organic molecules, metal complexes have unique characteristics such as redox
activity, magnetic and optical properties, Lewis acidity, and so on. Moreover, metal complexes
have abilities to spatially fix or array functional ligands. Thus, peptides and metal complexes
have possibility to serve as useful building blocks for functional molecular architectures.

Our approach is based on the
use of amino acids containing a
metal coordination site (e.g. the
thiol group of Cys) as the
components of cyclopeptides for

constructing cyclopeptide-metal

complex conjugates. In this

1; cyclof-Gly-L-Cys(1erpyPtl)-)5-Cly 2: cyclof-Gly-L-Cys(terpyPt")-1,-Cl,

thesis, an efficient strategy for

the liquid-phase synthesis of cyclopeptides having a repeated sequence of Gly-L-Cys(terpyPt"),
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Cyclo[-Gly—L—Cys(terpyPt")—]nCln, 1 (n=3)and 2 (n = 4) is described. Interest in the
incorporation of a terpyPt" complex onto L-Cys was initially aroused by its binding to DNA and
antitumor properties. In these peptides, positively charged Pt' complexes are designed to align

on the periphery of the macrocyclic peptide scaffold.

Synthetic Experiments
The linear peptides, H,-(Gly-L-Cys),-OH-(CF,CO,) (n = 2, 3 and 4), were prepared on a
peptide synthesizer. Treatment of these peptides with [(terpyPt"YCI]Cl-2 H,Q in H,O at room

temperature afforded Hz—[Gly—L-Cys(terpyPt")]n-OH-(CF3C02) in 75-97 % yields. The

n+t
resulting linear peptides were well cyclized at the concentration of 0.5-1.0 mM in H,O0-CH,CN
(7:3) at 25 °C for 48-72 h, in the presence of excess HOBt and water-soluble carbodiimide,
EDC. Cyclo[—G]y-L-Cys(terpyPt“)—]"Cl 1 (n=3)and 2 (n = 4), were successfully obtained in

n*

fairly good yields.

Results and Discussion

The structure of linear and cyclic metallopeptides was identified by electrospray ionization
mass spectrometry (ESIMS), proton nuclear magnetic resonance (‘H NMR) studies, and
elemental analyses. The size of cyclic metallopeptides could be clearly determined based on the
numbers of isotopic split lines observed in the high-resolution mass spectra. The linear

peptides, H,-[Gly-L-Cys(terpyPt")],-OH-(CF,CO,)

awpr o= 3.4 were cyclized 1o
cyclo[—Gly—L—Cys(terpyPt“)-]“CIn (n = 3, 4) in 58 % yields in both cases. Interestingly,
Hz—[Gly—L—Cys(terpyP[")]z-OH-(CF3C02)3 formed cyclo[-Gly-L-Cys(terpyPt")-1,Cl, which was
cyclized after the intermolecular coupling between two linear peptides. Whereas the 'H NMR
spectral patterns for the linear metallopeptides as starting materials were highly complicated,

those for the cyclopeptides, 1 and 2, were much more symmetrical and only one set of signals

corresponding to a Gly-L-Cys(terpyPt") moiety was observed in each case. This result
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unequivocally demonstrated that the structure of the cyclic metallopeptides is highly symmetrical
in aqueous solution. The terpyPt[I complex moieties of 1 were readily removed by treatment
with TFA to afford the corresponding cyclic peptide‘, cyclo[-Gly-L-Cys-],, which was
confirmed by ESIMS.

Cyclo[-Gly-L-Cys-], was found to act as a positively-charged anion receptor. Its 'H NMR
study showed that the cyclohexapeptide 1 selectively separated 1,3,5-benzenetricarboxylate
anion from an equimolar mixture of three isomeric tricarboxylates to form a 1:1 ternary complex

in neutral water at room temperature.

Conclusion

We have demonstrated an efficient strategy for the liquid-phase synthesis of cyclopeptides
containing a repeated sequence of Gly-L-Cys(terpyPt)). These results raise the intriguing
:possibility that this strategy will provide a powerful tool for arraying metal centers on
cyclopeptide frameworks, which could lead to structural as well as functional control of

multinuclear metal complexes.

References

(1) Cyclic metallopeptides, cyclo[Gly—L-Cys(terpyPt")]nCl", Kentaro Tanaka, Kuazuki

Shigemori and Mitsuhiko Shionoya, Chem. Commun., 1999, 2475-2476.
(2) Incorporation and Alignment of Functional Metal Complexes onto Cyclopeptide

Frameworks, Kazuki Shigemori, Kentaro Tanaka, Sachiko Arie, Sanae Furusho and Mitsuhiko

Shionoya, in preparation.
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EDC-HCI
HOBt HZO- CHBCN

-3C1

4CI
cyclo[-Gly-L-Cys(terpyPt!)-],-Cl, cyclo[-Gly-L-Cys(terpyPt!)-15-Cl

_10_



I EIKAZORTFROERK

3-3. RTF FABHADEBEEDEA

3-3-1. ERRDHER

SIBIZENT AF 4 I)VEEFTS L-Cys EGly DIFNIRLES ZF DA 1) IO
NRTFREGRL. KIZ terpyP!" $AEFBATH L0 L0, HEHRKRAYDORT
FROERET 72,

HS
H

Hyéu\i l%orﬂ

N

CF4COy Y : e|;
+ E—— H

H20, rt +H2 -N OH

[(terpyPtYCHCI-2H,0 (n=23, 4,5) H & (CF3C02 )04
n

a) R - HEBRICDNT

XN

P N\Fi’t/N -

RTF REERTF R HEEMAE Model 433A, PE Applied Biosystems) 1247 0 .
H-Cys(Trt)-2-CITrt resin (04-12-28 11, Calbiochem-Novabiochem AG) 2 FH W\ T Ak L
e RTFRA— R w (Fmoc-L-Cys(1rt)-OH and Fmoc-Gly-OH) {3 PE Applied
Biosystems #Z i L. I¥ > FA—JL (EDT). TFA B8N CH,CN I H 55
BEZOEEMA L7z, Bu-Meether IIERLAL. [terpyPl'ClICI-2H,0 i3 Aldrich 2
EEOQEEMALE,

B O 757 40— (HPLO) 1d. TOSOHPLC ¥ AF A#HERALI, 7
Z AbE. TSK-gel 80Ts (21.5 mmiID x 30 cm, TOSO) Z{iB L, A 0.1 % TFA S H
H,O-CH,CN = 7:3, i S mlmin, 51 5 LIRE 25C TITo/z. HBEIZIL UV (235
nm) Z 7z,

WO, b THO LC-120 2R L,

'"H NMR X JEOL Lambda 500 (500 MHz for 'H) 3 & UX Burker (500 MHz for 'H) %

_1 1__



3R ASYOXRTF RO ER

ERHL. DOBEOANRY MNYOEEMEIZIE TSP ZAMEE S L THW. L
%37~ @) i ppm TELU, ¥V FIVOE/Y — 2 % s (singlet). d (doublet), dd
(doublet of doublet), ddd (doublet of doublet of doublet), t (triplet). m (multiplet). br
(broad) TR L 7= By 7 TER I Hz TREE LTz,

TV RORT L —AF AT AR MV (ESIMS) i, N—F T~ —5H
O PE SCIEX API-300 spectrometer (-{ 7 Ak T 7 bOATL—, ERESH:
[0 B 4 T B £ 04T 51 (QMS)) & Micromass 84D Micromass LC-TOFMS (-1 4 >
fbik: L2 bO AT L —, BESH  MRITERMIEEH 75 (TOFMS)) 2L D
AlEL72, YPUPAT AT A RL—H—FU—T g A F AT AARY
NV (MALDLETOF) }Z., BRUKER 8 BIFLEX Il (-1 A bk v b AT
AT74 RL—H—=Fv—"713a, HESH  MITEMYEES 5 (TOFMS))

ERDBEL,

by X7 F REEERIEIZ LD RTF ROEMRIE

AT F R H B A L (Model 433A, PE Applied Biosystems) @ Fast moc % (0.23
mmol - 0.25 mmol A4 )2k D, FhEhoRTF LU aakliz. &
LERTFRLD2E2I0m DF AT ATICAIUKAETHLL, £2i28ml O
TFA & 2ml QLY P FA—)LEMATz. BRICRUBIL2AS 2 BREEIS L
7o RICHTH, RIEBERFPIZANEMEL TRERO LMLV EREETHS Tn &
AT H-0HBL /-, ISEEEE Im O TFA Tiék-o /=, EBIZT7 AL —
&k DT, EEEAAVL., N Y—ZANLWEIEST Iy T L, IE
1d 50 ml O EILE Tt 30ml O Bu-Meether 2B HMEDANTREATF
REFHEE A, 512, 10ml @ Bu-Me ether Z 1A 50ml & L. &0 (3,000
pmX 10 min) 272/, XRT7F RZLEBIELE. EHEZROERE. 50ml O
tBu-Me ether % Al A2 TH# UL NED (3,000 pm X 10 min) L7z, ZO#EIEZE 3 [
To7,

_12_




3 BRAYCIRTF ROERK

) NFH AL ORTF R H,-[-L-Cys(terpyPt")-1, -OH & BLOD iR

HS
N OH
H 0o
CF3COy 5
+
HoO, rt N OH
[(terpyPt)CIJCI-2H,0 1 H i
6

RTF RBE &S RMWIZ XD Fast moc % (025 mmol A2 & — Jb) T
H,-[-L-Cys-],-OH-CF,CO, & L. HPLC IZK D BEEEL L /-, 1AHIFER 23.5-25
SDOE— S WLUEE. BEHEEL . H,-[L-Cys-],-OH-CF,CO, (98 mg, 130
imol, 52 %) #18&7-. H,-[-L-Cys-],-OH-CF,CO, (3.0 mg, 4.7 umol) Zi{BREIZANE
FHATEBU =, F I, {(terpyPHCIICI-2H,0 (2.5 mg, 4.7 umol) DEBFREA D 7k
AR oou) EMA. BEERTHBRLBWSKIGER =, BROBNEBRBEL -
2, RTFRPNELRUIUEBERLTWAREWVWEIDI TH72D,. T 51T,
[(terpyPt")CIICI-2H,0(2.5 mg, 4.7 pmol) DB FRE DIKFEH (100 ul) % 3 BLEM L /2.
6D L-Cys @ 4 89 @ erpyP" ZIMAIZE 2 A, RTF RASERITE T
HPLC I K D RJE% H7=, free O terpyPt" NELS - - DE2HEL TS YEBO
terpyPt" ZINA 72 (RUGEREN S 12 %) . SYUBRBZMATNS, 51T 128
IR U= VR O terpyPt! VES RSB M- DT, 40C DBBFTRIEE &
7= SEFRABICHEBIO terpyPt” WELS 2> TWWHB I S 2HEL. 6 4BHD
terpyPt" ZH1Z 40 C DFBF TR B/, 2 AMRIGE T2 — L =45 FEE
O terpyP BB 73 5 TR S F e, RIS E LD, HPLC 12k D SR
HET-o, WHEM 4150 DE -2 20 BU. HEZELRFADBIE 1S
mg %77, BoNEEE ESIMS IZE DEIEER A, terpyPt" 5 @H B
X4 BEASEEDDEEBY TH 7. MS (ESI): mz (Caled) 533 (533, [M]°") MS
(MALDI-TOF): m/z (Caled) 3199 (3199, [M + SeT").

_13_




3 BHR A Z T RTF ROE R,
d) 7 k5 A& TRTF KB H-[-Gly-L-Cys(terpyPt")-1,-OH-(CF,CO,),- 6 H,0 D& b

HS
H
el L L Vo
i
. o)
2
+

CF3CO,

HpO, rt
[(terpyPt)CIICI-2H0 N

o/ (CF3CO2)3
2

RT7FRBA@THEMRMEIT LD Fast moc # (023 mmol A 7 — )L ) T
H,-[-Gly-L-Cys-1,-OH-CF,CO, # & h L. HPLCIZ X O/ BERE B U /= 1A R
17.5-19.5 0D E— 7 &= B UIz&, A EE U H,-[-Gly-L-Cys-],-OH-CF,CO, (63
mg, 140 pmol, 61 %) % #&7=. H,-[-Gly-L-Cys-1,-OH-CF,CO, (10.5 mg, 23.2 pmol)
FKIEHE (1.5ml) 12 [(terpyPt"YCIICI-2H,0 (34.8 mg, 65.2 pmol) /K IER (1.0 ml) % il
A, BIBTERUALNS 4 FHKRE B/, KIMETHE, HPLC IZ& D 55 BEE 5
% 2EHT oz, EILEEE 155-19 50 — 0 2 WL, BHEEIBLE. BRE
D E{E H,-[-Gly-L-Cys(terpyPt")-],-OH-(CF,CO,),-6H,0 (28.5 mg, 17.4 umol, 75 %) %
B7=. "H NMR (D,0, 30 °C): $2.92 (dd, J= 5.0, 12.5 Hz, 1H), 2.98 (dd, /=55, 12.0
Hz, 1H), 3.08 (dd, J= 7.8, 12.8 Hz, 1H), 3.31 (dd, J= 5.0, 12.5 Hz, 1H), 3.94 (d, J =
16.0 Hz, 1H), 3.98 (d, J = 16.0 Hz, 1H), 4.03 (d, J= 17.5 Hz, IH), 4.13 (d, J = 17.5
Hz, 1H), 4.45 (dd, /= 5.3, 5.3 Hz, 1H), 4.59 (dd, J= 5.3, 7.8 Hz, 1H), 7.61 (ddd, J =
1.1, 5.9, 7.4 Hz, 2H), 7.70 (ddd, J = 1.4, 5.9, 7.4 Hz, 2H), 7.87 (d, J = 7.5 Hz, 2H),
7.89 (d, J= 8.0 Hz, 2H), 8.02 (d, J = 7.5 Hz, 2H), 8.09 (1, /= 8.0 Hz, iH), 8.12 (d, J =
8.0 Hz, 2H), 8.15-8.19 (m, 4H), 8.38 (1, /= 8.3 Hz, 1H), 8.63 (d, J= 5.5 Hz, 2H), 9.05
(d, J= 4.5 Hz, 2H). MS (ESI): m/z (Calcd) 596 (596, [M]™), 1191 (1191, (M= H']").
Anal. Caled for C, H, F;N,,0,,Pt,S,: C, 33.66; H, 3.13; N, 8.53. Found: C, 33.54; H,

3.25; N, 8.65.
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3.BIRASYODARTF ROEK

e) NFH A& ORTF B Hy-[-Gly-L-Cys(terpyPt")-1,-OH-(CF,CO,), 14H,0 D &K

/N“--__Pt/N -

CF3COy

HQO rt +H2 \i
1
[(terpyPt™}CIICI-2H20 CF3002

RT7FFBEHEEKBEICELYD Fast moc i (025 mmol A & — )b ) T

H,-[-Gly-L-Cys-1,-OH-CF,CO, Z & L. HPLCIZ K O AR S L 7z 15 ik
17-19 D E—2 W U 7-1%, HEEEZi L H,-[-Gly-L-Cys-],-OH-CF,CO, (115 mg,
190 pmol, 63 %) %1% /=, H,-[-Gly-L-Cys-],-OH-CF,CO, (21.7 mg, 35.4 pumol) DIKE
& (2 ml) I [(terpyPt")YCI]CE2H,0 (68.2 mg, 127.4 wmol) ORI (0.5 ml) Z0 A .

HIRTHEBRLAEMNS SRS EE2, RIS TH#. HPLCI DEENE R A 2
BT - fz. WEHEE 16-17 FOE - 245U, HEER LR, RFRADOEE
H,-[-Gly-L-Cys(terpyPt")-],-OH-(CF,C0,),- 14H,0(77.5 mg, 31.2 umol, 88 %) & 1%7/=,

'H NMR (D,0, 30 °C). § 2.76 (dd, J = 5.7, 12.8 Hz, 1H), 2.83 (dd, J = 4.3, 12.6 Hg,
1H), 3.04 (d, J = 5.6 Hz, 2H), 3.18 (dd, J= 7.3, 11.5 Hz, 1H), 3.45 (dd, J= 6.1, 11.5
Hz, 1H), 3.83 (d, J = 17.6 Hz, 1H), 3.87 (d, J = 16.9 Hz, IH), 3.94 (d, J = 16.2 Hz,
1H), 4.05 (d, J= 17.1 Hz, 1H), 4.12 (d, J = 17.1 Hz, 1H), 427 (d, J = 17.3 Hz, 1H),
4.40 (dd, J= 5.0, 5.0 Hz, 1H), 4.50 (dd, J=6.7, 6.7 Hz, 1H), 4.54 (t, J = 5.6 Hz, 1H),
7.55 (dd, J = 6.6, 6.6 Hz, 2H), 7.59 (dd, J = 6.6, 6.6 Hz, 2H), 7.64 (dd, J = 6.6, 6.6 Hz,
2H), 7.71 (d, / = 7.6 Hz, 2H), 7.77 (d, J = 8.6 Hz, 2H), 7.79 (d, J = 9.6 Hz, 2H), 7.82
(d, J= 8.1 Hz, 2H), 7.90 (d, J= 7.9 Hz, 2H), 8.01 (d, J = 8.1 Hz, 2H), 8.05-8.13 (m,
8H), 8.29 (1, = 7.9 Hz, 1H), 8.58 (d, J = 5.4 Hz, 2H), 8.62 (br, 2H), 8.97 (d, J = 5.6
Hz, 2H). MS (ESD): m/z (Caled) 593 (593, [M]'), 889 (889, (M —H')*"). Anal. Caled for
C,Hg F N, O,PLS,: C, 32.85; H, 3.44; N, 8.45. Found: C, 32.65; H, 3.00; N, 8.59.
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3.BIRAYONTF RO
f) 427 & A% TXTF R H,-[-Gly-L-Cys(terpyPt' )-1,-OH-(CF,C0,),- 18H,0 D& L
HS
i T ) Vo
b
CF3COy” 9 4

+

[(terpyPt!)CIC1.2H,0

RTFRFABHEMRBEICED Fast moc & (025 mmol A &7 — Jl) T
H,-[-Gly-L-Cys-1,-OH-CF,CO, Z & L. HPLC IZ X D A HEE R L /=, /& TR
18.5-19.5 53D E— U &L /=&, ®ib¥ci% U H,-[-Gly-L-Cys-],-OH-CF,CO, (80
mg, 100 umol, 40 %) %1% 7z, H,-[-Gly-L-Cys-],-OH-CF,CO, (7.2 mg, 9.3 pmol) 7K
VAR (1 mi) I [(terpyPt)CI]CI-2H,0(23.9 mg, 44.6 mol) D /KA (0.2 mi) Z A .
IR THHR U2 S 24 RIS S /e, RIBH TH#, HPLCIC X 250 SR &1T -
7r. EHIRER 145 17 O E— &L, MEEELZH®, RIFEOEK
H,-[-Gly-L-Cys(terpyPt")-],-OH-(CF,CO,),- 1 8H,0 (29.4 mg, 9.0 pmol, 97 %) & 1&7=.
'*H NMR (D,0, 30 °C): § 2.75 (dd, J = 4.7, 13.2 Hz, 1H), 2.88 (dd, J = 3.9, 13.0 Hz,
1H), 2.95 (dd, J = 5.6, 13.0 Hz, 1H), 3.01 (dd, J = 4.9, 12.9 Hz, 1H), 3.29-3.39 (m,
3H), 3.52 (dd, J=4.5, 12.1 Hz, 1H), 3.75 (d, J = 17.4 Hz, 1H), 3.85 (d, J = 16.4 Hz,
1H), 3.91 (d, J = 17.1 Hz, 1H), 3.94 (d, J = 16.4 Hz, 1H), 405 (d, J = 17.1 Hz, 1H),
411 (d, J=17.1 Hz, 1H), 4.29 (d, J= 17.4 Hz, 1H), 4.40 (1, /= 4.3 Hz, 1H), 4.49-4.58
(m, 48), 7.59-7.69 (m, 14H), 7.71 (d, J= 8.1 Hz, 2H), 7.84 (d, J = 7.8 Hz, 2H), 7.88
(d, 7 =8.1 Hz, 2H), 7.95 (d, J = 7.3 Hz, 2H), 7.99-8.15 (m, 13H), 8.34 (t, J = 8.1 Hz,
1H), 8.62 (d, J = 5.2 Hz, 2H), 8.76 (d, J= 5.1 Hz, 2H), 8.82 (d, J = 4.4 Hz, 2H), 8.99
(d, J = 4.4 Hz, 2H). MS (ESD): m/z (Caled) 592 (592, [M]'), 711 (711, [M - H® -
terpy]’™), 789 (789, M — H'T'™).  Anal. Caled for C,,H, | \F,N,,O,Pt,S,: C, 33.17; H,
3.43; N, 8.60. Found: C, 32.84; H, 2.89; N, 9.04.
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3. BHRAY O RTF RDEIK

g) TH AZ TR TF K H,-[-Gly-L-Cys(terpyPt'}-1,-OH-(CF,CO, )- 18H,0 D& pk

CF3C0y

[(terpyPt'NCIICI-2H,0

ERHMITEDERLIRTF KL TP H-[-Gly-L-Cys(Tr)-1,-2-CITrt resin (154 mg,
0.041 mmol) % 30 ml MF AT T AJITAIUKIETH L, €28 ml D TFA &
2ml DIy > UFA—EMA . BERICEUVERLZY S 2 ERIGLEZ. K
KT, BRZETY., REERIE Im o TFA Tho iz, BB 7 AL —4 —
R DT, EREEAWN, NAY-EANERSIEC T v L. ik
©50ml DFEILE TV, 30ml @D Bu-Meether ZH SMUEDANTHBERTF R %
o EE, 512, 10m @ Bu-Meether 2012 S0ml & L. 3L (3,000 rpm X
0min) B o7, RTFFEZRLBEIELE, LEHEZIOEE, 50m O
Bu-Me ether # 12 TR LE UL (3,000 ppm X 10min) Lz, ZO#HEZES5H
oz, EEEWMOBR W BEEREIC [erpyPt"CIICI-2H,0 (130 mg, 0.24 mmol) %
25ml @ H0ICHEELUINA T, MAEBRORISRIIBRETHD, XTFRY
HHEROMNRSN, SHMIFEHERBRLZEIABIRDOMLBEEZRRD, &
WRIZIBAR BRI TW/=, 36 %, HPLC OF v — MI& kAR oniziz-
iz, RIGHEIRE S0 C DBBITDTTRIGZRT /2. 72 K%, HPLC D E—
TIND v — TR0 BAEN R SN </ao =/, CH,CN (50 mh) =M A TIE#
WAFORTF R EHFTHET S, B0 (3,000 pm X 10 min) 12 £ D BRARE %
B E B, EIEEROBREZILEY % 0.1 % TFA &4 H,0-CH,CN = 7:3 IZI5f#E L,
HPLCIZ L O p B BI%Z 3 BT - /2. IBHEF 13-16 0 O E—2 Z0 L. s
WL =%, RO BEE H,-[-Gly-L-Cys(terpyPt’)-1,-OH-(CF,CO,),- 18H,0 (89.5

_17__.



3.RIRAYORTF ROER

mg, 55 %) %#1&%7=. '"HNMR (D,0, 30 °C): $2.72-2.32 (m, 10H), 3.71 (d, /= 17.4 He,
1H), 3.77 (d, J = 16.3 Hz, 1H), 3.85 (d, J= 16.4 Hz, 1H), 3.94-4.05 (m, 4H), 4.09 (d, J
= 17.0 Hz, 1H), 4.23 (d, J= 174 Hz, 1H), 426 (d, J = 17.3 Hz, 1H), 4.47 (dd, /= 4.3,
4.3 Hz, 1H), 4.50-4.57 (m, 4H) , 7.62-7.68 (m, 12H), 7.74 (d, J = 7.9 Hz, 2H).
7.78-7.83 (m, 10H), 7.91 (d, J= 7.9 Hz, 2H), 7.98 (d, J= 8.1 Hz, 2H), 8.01 (d, /= 7.9
Hz, 2H), 8.04-8.18 (m, 13H), 8.22 (t, J = 8.0 Hz, IH), 8.34 (1, J = 8.0 Hz, 1H), 8.76
(br, 2H), 8.81 (br, 6H), 8.96 (d, J = 5.8 Hz, 2H). High-resolution Mass Spectroscopy
(HRMS): m/z (Caled) 591.0589 (591.0832, [M]’"), 738.5941 (738.6002, [M — H']"),
984.4667 (984.4672, M - 2H'T*). Anal. Caled for C, ,H ,,F,N,O, Pt.S,: C, 33.97;

H, 3.28; N, 8.84. Found: C, 33.96; H, 3.17; N, 8.93.

3-3-2. #ER - HE

TR, 2BICEMTA2FA—IVEEFT L L-Cys DATHARENIZAF
Y ARTF K HA(-L-Cys-),-OH ZE R L. terpyPt" & F A —NERILIZBAT LI &%
ATz UL, tepyP! IIIEEMAE B BIMANICER NREHETH O, L-Cys
DHTHREINEANFYRTF R EDOTRTOFA—INEICHEATLILETE
1o o, terpyPd 2V S {HH BT 4 BRRTF R EICEAINLBODREEYE
5727, HPLC THEBLBEET A ZEATELN >z, BIAEEICEU 2888
HIIERFEEAEEEIZLD, TXTOFF I ELICREEREZEATLHI &M
HfETHomEHEZHND, ESIMS BEIUNMALDITORMS 12 & D BHH B &
ERLIZZENERTETHD 120, Sk, BROKMFD K UOKERBEE DR R
WHLETDH D,

LCys & Gly O# 0D ELEINZFoLHEHBERASYORT FR
H,-[-Gly-L-Cys(terpyPt')-],-OH-(CF,C0,),,, (n=2,3,4) id, PEE < (7597 %) G5K
TAHZENTERE (K3, n=5 OEBIRT I AYOXXTF R
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3ERAYORTF ROEK

H-(-Gly-L-Cys{terpyPt")-1,-OH D& i, 28T SS % TH-o7-. I TiL, 1AM
WOREMNS, & REIZEDERL 72X TF B H,-[-Gly-L-Cys-],-OH-CF,CO, % ¥
B TROKIGICHELE., M7 FF. AFHTBILUVA IV IRTFR
H,-[-Gly-L-Cys-] -OH-CF,CO, (n =2, 3, 4) OFERUTE (40-63 %) 2 EHT 5 &, 7
ARTF RO SEBEOHEADWNRIIRIFTH 2 MR Iz, EFNNIC 2 B

s ROGIRAR 2R L7z,

#* 3-1
I (%)
A %4
n=2 3 4 5
H,-[-Gly-L-Cys-].*-OH-CF,CO, 62 63 40 !

75 88 97

H,-[-Gly-L-Cys(terpyPt")-] *""*-OH.(CF,CO
3 [ Y Yy (E:lpy ) ]n ( 3 2)r1+l (47) (55) (39) (55)

RTF R H,-[-Gly-1-Cys-1-OH-CF,CO, (n=2, 3, HIZT DWW TIE, LY BIUEH
BEDBRROBRICM O B Z7)0A OEE (CF,COH) IC kD, RTFROT I/
EZAn 702l T0nd. £, EHRA YD RRTSTFHR

H,-[-Gly-L-Cys(terpyPt")-] -OH-(CF,CO,),,, (n = 2, 3, 4, 5) iDLy Tid, HPLC TH

WEERIZESEZENTHWS M VA OEEICE D, YI /ER 7okl &
B Z DT A CFRCO, &lasTins,

INSEBERAY ORTF RORE, ESIMS, 'HNMR B IZUSILESTIC &
DT 7z, ESIMS QHEFEICE WTIE, EEHRASOXTF Ridd7 24 32 <
DNRVIRETHRE ENDEMMH > 72, FIAE n=3 DEBEKAFHASONR
TFROEEG FEAEAMT THRIEZN THEY. 1 D73k fbahi M
+HT*HRESN-. ZOMIT, terpy 2 terpyP" T T M- b O HBHEINS, £
. n=5 OEBRTH A Y DRTF RiZ, HNMR JIECBLTHERD 7O |

CUOMEMICER OG> TH D (R 3-D), BEIHKT ARTF R LI erpyPd! 785 D&

#19,



3 BRAYOSNTF ROSH

AENTNBENEDNIERT 5729012, ESITOF IZ L5 WA fREEY A AT M
ZRIELE (K 3-2b), 322l A HOERBEZRL .

NS DHEHERAYORTF RO 'HNMR T, WTFhoH A
Gly-L-Cys(terpyPthy 2= v "R ZNTNELD T FINEHEZ, WHFEOENA R

7 BRSNS (K 3-3). FIZE, LCys DAF L H#HIZBWTHBATSE, #E
BT R SRTFRTWE 2y MREAZINTHE D, AFHBLVAISIEENT
N3ty bBLaty MEEIESN TS,

ZHUd, Gly-L-Cys(terpyPt) 1= v b2inffl(n=2,3,4,5)H B5XTF K LT,

nHOERBHANT R TRLESIBERETICENMN TWE I EAREBL TS,
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TH NMR spectrum of H,-{-Gly-L-Cys(terpyPt')-].-OH(CF,CO,), in D,0 at 30 °C.

3-2
(a) 591.0832
590.6848 AR
AT ;\59k4816
O fl IL . r{r ] ‘I‘"
590.48;\6 /| N N ‘\ 591.6848
f‘ ! ‘R | f lL r 1 l\ 4
P ‘,‘ b f [ I l\
so0z20m || | | | k; %f NN l5918879
\ P ‘U' N P 592 0832
se0.0910/ | [ /] VY Vo / \ 592.2863
///\\/ YARRY VAR, 3;‘ \ /7, 592.4894
NN
T T —
591.0589
590.8540 , 991.2637
(b) i /u :\
5906902 / \ / \J' 591.4686
: ya
590.4855 | V \59:6735
/ ;
v Y\ 591.8785
590.2807 | " 592.0835
/\/ . \\\_J,//\\
J'/ \x//i\\
. ,/‘-*’/\ - —
590 591 592 m/z

ESI-TOF mass spectra of H-[-Gly-L-Cys(terpyPt]I)-]55+-OH:
(a) a theoretical isotopic distribution at 591.1 Da,
(b) an experimental isotopic distribution at 591.1 Da.
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"H NMR spectra of Hy-[-Gly-L-Cys(terpyPt!!)-] -OH-(CF,CO,)

(n=2;a,3;b,4;¢)in DQO at 30 °C.
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1R ASYONRTF RO EER

3-4. A ORTF ROBUL RIS

3-4-1. EEOHER

MRAY ORTF REEGRTHEWT, 33 THMRLAEERAYORTF R
%, JKIEHREE Al (EDCHCH EiEPEEA] (HOBY OFfF£F. H,0-CH,CN =73 D
WP TRIDS®Z,

EDC-HCI
HOBt

Hgo CHaCN
=73 H
+ \/?L N\.j\
Hof-N N
CFacoz el Ho5 (CMa

(n=2,3,4,5)

a) ALK - BEERICDONT

& 1 A HOBt (1-hydroxy-1H-benzotriazole monohydrate) 5 & U8 7K 7B M #E 2 Hl
EDCHCI (N-ethyl-N’-(3-(dimethylamino)propyl)carbodiimide hydrochloride) ¥k, Dojindo
Laboratories 8% 2D X EHH L /=,

ATV 27 45—, Millipore DA LR T AT L2274 L5 — (pore
size 0.45 um, JHWPO2500) Z={EH L 7=,

'"H NMR 3 JEOL Lambda 500 (500 MHz for 'H) 35 & X JEOL Alpha 500 (500 MHz
for 'H) 12X DB L. D,OMEMND AL NIV OEHEMEIZIL TSP A /M ERELE S L
THWE. EZFL 7M@) W ppm TEL, T FIVORE/NY — 2% s (singlet).,

d (doublet), dd (doublet of doublet), ddd (doublet of doublet of doublet), t (triplet). di
(doublet of triplet), m (multiplet), br (broad) TFaclL 7z, Hw 7 7 EH JIF Hz

THEL L.
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3. BRAYORTF ROEH

L2 FOATV—AF 2L A A2 b)L (ESIMS) L, PE SCIEX API-300
spectrometer (- A4 b TL7 hO AT -, EESH  MERERESHTET
(QMS)) & Micromass LC-TOF/MS (1 A 2A4biE : L2 oA 7L —, HESHT .

MATRE R B E B HT 37 (TOFMS)) (X DBlE L 7=,

Q) BHIRT 5 ALY T RTF R H-[Gly-L-Cys(lerpyPt")],-OH-(CF,CO,), BIR{L

Q%4+

O

3(CF,C0,) O
s, N
A | acr

N’_\() 2+

3+
EDC . HCI
HOBt

H,0:CH,CN
=7:3

H,-[-Gly-L-Cys(terpyPt")-1,-OH-(CF,CO,),-6 H,0 (7.2 mg, 4.4 pmol) DK IE I (2.6
m) 27 R Z b UL (1.6 ml) IZWERE L 7= HOBt (7.9 mg, 51.6 umol) & EDC-HCI
(99.7 mg, 520.0 pmol } DAKIE W (1 ml) Z A, 25 C T24 B L =, L
RREDINBMZE A T L2 74 —ICE DIBERL ., BEEEELE, BIF
A E{& cyclo[-Gly-L-Cys(terpyPt")-1,-Cl,-17H,0 (2.6 mg, 0.93 pmol, 42 %) #{57/=, 'H
NMR (D,0, 60 °C): § 2.87 (dd, J= 7.3, 12.8 Hz, 4H), 3.23 (dd, J= 5.8, 12.3 Hz, 4H),
3.92 (d, J = 17.0 Hz, 4H), 4.07 (d, J = 17.0 Hz, 4H), 4.56 (dd, J = 6.5, 6.5 Hz, 4H),
7.67 (dd, J = 6.8, 6.8 Hz, 8H), 7.93 (d, J = 8.0 Hz, 8H), 8.01 (d, J=7.5 Hz, 8H), 8.11
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3R AYONTF ROEH

(dd, /=7.8, 7.8 Hz, 8H), 8.26 (t, /J=7.8 Hz, 4H), 8.91 (d, J=5.0 Hz, 8H). MS (ESI):
m/z (Calcd) 587 (587, [M1™), 783 (783, [M— H'T™*). High Resolution Mass Spectroscopy

(HRMS): m/z (Calcd) 587.5855 (587.5809, [M]™).

b-1) BARAFH A Y OTF K eyelo[-Gly-L-Cys(terpyPt')-1,-Cl,- 1 1H,0 D E K

4+

3+

EDC . HCI
HOBt

HzO:CHacN=7:3

-3¢l

4(CF3C00)

~H,-[-Gly-L-Cys(terpyPt")-1,-OH-(CF,C0,),- 14,0 (10.0 mg, 4.0 pmol) DKIFIE (5.5
m) {7t R NV (2.4 ml) IZEME L 72 HOBt (6.1 mg, 40 umol) & EDC-HCI (25.6
mg, 133 umol ) /KA (0.1 ml) 20X, 25 °C T48 BERGIE/=, H, 12 BLW
24 BEfE#17. EDC-HCI (25.6 mg, 133 umol ) KA (0.1 mh) 2N -EFLEML 72,

VU2 BREOREHE A T T4 F—ICEDERL ., EZ0iE L7,

BAREEE cyclo[-Gly-L-Cys(terpyPt")-1,-Cl,- 11H,0 (4.7 mg, 2.3 umol, 58 %) %187z

'H NMR (D,0, 60 °C): § 3.13 (dd, J = 6.4, 12.2 Hz, 3H), 3.28 (dd, J = 5.3, 12.3 Hz,
3H), 3.88 (d, J = 17.9 Hz, 3H), 4.24 (d, J = 17.1 Hz, 3H), 4.61 (dd, J = 5.6, 5.6 Hz,
3H), 7.70 (dd, J = 6.6, 6.6 Hz, 6H), 7.96 (d, J = 7.8 Hz, 6H), 8.02 (d, / = 7.8 Hz, GH),
8.14 (dd, /= 7.8, 7.8 Hz, 6H), 8.21 (t, J=7.9 Hz, 3H), 8.98 (d, J = 5.2 Hz, 6H). MS
(ESD): m/z (Caled) 587 (587, [M]'™), 667 (667, [M — terpyPt" + H']*"). (HRMS): m/z
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3. EUR A ORTF RO EK

(Caled) 1760.3234 (1760.2351, [M - 2H'T). Anal. Caled for C, ,H,;FiN;0,,PLS: C,
33.67; H, 3.35;: N, 8.76. Found: C, 3345; H, 2.56; N, 875. Anal. Calcd for

CeoH,(CaN,0,,Pt,Sy: C, 34.86; H, 3.71; N, 10.16. Found: C, 35.13; H, 3.41; N, 9.83.

b-2) !Eﬁjélljtf\:\’ﬂj')( &0 R 7T F R H-[-Gly-L-Cys(terpyPt")-],-OH O R K I

(HOBt % {# 7 U 7535 1)

4+
— 1 3+
EDC-HCI
H,O, rt
L _1-3cr
n -4{CF,C00%)

H,-[-Gly-L-Cys(terpyPt")-],-OH-(CF,CO,),- 14H,0 (2.6 mg, 1.0 pmol) 97K 1&E & (0.5
mi} 2 EDC-HCI (29.0 mg, ISl’umol YIKIEHR (1.0 mb) ZA . 25C TRIES -,
HPLCIZE N RIGE B /- & 2 A, B 14, 16, 17, 2030124 DO =2
BN, 608R%, HPLCIZLAEMRR o< oo/msd, FNTNOE —
D EGFERL, ESIMS GEIEZ{T2/=EZA, WTNO 7502 a »HHBMIZE
BENL7FIVBERINRNM 2T
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BUR A S OXTF RO EMN
BRA 7 & AY ORTF B eyclo{-Gly-L-Cys(terpyPt')-1,-Cl,- 1 7TH,0 D& KK

T ] 5+

5_
44

BRey-
&6
S: HOB
F}”ﬁ_
e
B

Hao H CHQCN =7:3

-4CI°

5(CF,CO0)

H,-(-Gly-L-Cys(terpyPt")-],-OH-(CF,CO,),- 18H,0 (17.9 mg, 5.5 umol) D/KIEIK (8.4
ml) iIZ 7 b= UL (3.7 ml) IZFERE L 7= HOBt (9.3 mg, 61 pmol) & EDC-HC1(38.9
mg, 203 pmol ) 7KIAHE (0.14 ml) ZAIA, 25C T2 BefIRISE B2, . 12, 24,
36, 48 BL V60 K12, EDC-HCI (38.9 mg, 203 umol ) JKIAHE (0.1 ml) #F
FHBML=. L BREORIEHEAS TV 74V —IZRDERL .,
BEER L%, BRAEME cyclo[-Gly-L-Cys(terpyPt")-],-Cl,- 17H,0 (9.0 mg, 3.2
wmol, 58 %) # & 7=, 'H NMR (D,0, 60 °C): § 2.88 (dd, J = 6.5, 12.3 Hz, 4H), 3.23
(dd, J= 5.5, 12.3 Hz, 4H), 3.92 (d, J = 17.1 Hz, 4H), 4.07 (d, J= 17.1 Hz, 4H), 4.56
(dd, J= 6.5, 6.5 Hz, 4H), 7.68 (dd, J= 6.5, 6.5 Hz, 8H), 7.94 (d, /= 7.9 Hz, 8H), 8.02
(d, J = 6.6 Hz, 8H), 8.12 (dd, /= 7.6, 7.6 Hz, 8H), 8.27 (1, J= 8.3 Hz, 4H), 8.91 (d, J =
5.4 Hz, 8H). MS (ESI): m/z (Caled) 587 (587, [M]Y), 640 (640, [M - terpyPt" + H'')
783 (783, [M — H')™). (HRMS): m/z (Caled) 587.3318 (587.3309, [M]™) 1920.3213
(1920.2657, [M - terpyPt" - H*1"). Anal. Caled for C, H,,,C,,N,,0,,Pt,S,: C, 34.34; H,

106
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JBIRAYORTFROERK

3.82; N, 10.01. Found: C, 34.11; H, 3.52; N, 95.92.

d)y BIR A OXRTF R cyclo[-Gly-L-Cys(terpyPt")-1,-Cl, DEFR

6+

ey

>

2g
Yo
£

N,
<o
N HS”
EDC - HCI P (k H o
HOB - "
———————
H,0:CH,CN H [
=73 0

1

-5CI°

o

—9

6(CF,C0;)

=]
I

|
|

- H,-|-Gly-L-Cys(terpyPt")-1,-OH-(CF,CO,),- 18H,0 (5.0 mg, 1.25 umol) D /K& (1.0
m) 2, 7= ~UJL(0.75 ml) IZEAE L 72 HOBt (1.9 mg, 12.5 umol) & EDC-HCI
(8.0 mg, 42 pmol ) Z/KIEHK (0.25 ml) ZHA. ZiR T 144 BRI RIS S 72, i, 12,
24, 36, 48, 60. 72, 96 B XN 120 EFR#IZ, EDC-HCI (8.0 mg, 42 umol ) 7KIA %
O1m) ZENENEBMLZ, FHLEZBREORKIEHE AT LT 45—
R DB L., HZEEkE L%, BIRBEE cyelof-Gly-L-Cys(terpyPt')-1,-Cl, (1.3
mg) &z, ZOERBDOITESMTICLDREEBET> T3, 'HNMR (D0,
60 °C): 83.11 (dd, J = 7.0, 13.1 Hz, SH), 3.24 (dd, J = 5.5, 12.6 Hz, 5H), 4.03 (d, /=
17.1 Hz, SH), 4.13 (d, J = 16.9 Hz, 5H), 4.62 (dd, J = 5.6, 5.6 Hz, SH), 7.71 (dd, J =
6.7, 6.7 Hz, 10H), 7.93 (d, J = 8.1 Hz, 10H), 8.00 (d, J = 8.1 Hz, 10H), 8.18 (dd, J =
7.8, 7.8 Hz, 10H), 8.25 (t, /= 8.2 Hz, 5H), 8.94 (d, J = 4.9 Hz, |0H).
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CRAFORTFROERIZIDNTH, 05-1mM E:Iﬁ%

3. ASY ORTF RS

3-4-2. #EF - B
B A Y ORTF K H,-[-Gly-L-Cys(terpyPt")-],-OH-(CF,CO,),,, (n=2,3,4,5) &
RIEMERE & & (EDC-HCY &5 MAEH] (HOBy DFA T, H,0-CH,CN (7:3) "h THE &
RIETHZENXNEIORRAIORTF ROE

th/ peptide\iOI/OH
A E AT,
A Nm o=
Bk TF RSz, JHYTH oM E |
BUCH AT, 9 TR TR A L SRS T aa
H?N/pepnde o}
NELE DS BENTIE XN 5720, BERE T
AR (LmMBLF) TREATDRTE 2. L E”F\/miﬂﬂv««
ML, COEETFTHRFRRIEIE B4 o
TV DREIENA SN BT ENH <, BRA (T
S~ TN

TFRORRITENT &L, SEORK HEN/oemweYo

ORE CTRMEISET >, BHEREMHTT X
%% =8, EDCHCI 3 L 7% HOBt O 13 i i
BMZ7-, HOBtIZ2WTid, Aic/kab S 2 U
7o 10 B EIMA. EDCHCLIZDWTE, RKICE DAL TLED 2D,
100-300 5B = MA T, F/o, KBEBTHHAEBEIRASI D RTF REAKPTERL
THLDHIC, KICHEBELZ HOBt #IF W T =0l 7 b2 MU EEFE LT
Ao

INET. BRRTFREBEDEFEEAEHERBRF-CEMEICLIDEREN
TEfz, BFFTITENT, KRBT 2 /fETHSH L-Cys & Gly DEEDIRLEY %
BETHRTFRECEEMAEZEAS LI LICKD, KERF THRE BIL
EHBILICRDILE, 2L, BERASYOXTF RN SALE&EHED
BEORFEPUEHERIZE - T, BLICEL 2D EABEZRL/-D SR
SN/,
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3BRAS ORTF RO

ROICIT > T EERAF Y AS ORTF R (h=3) DR{LKERIEL. EDCHCl D
Tiro/. LinL. BEMIZERET, 2FMTOMGDIEZ Saho/t. I
1, terpyPt" A AL MEBEKA Y OATF RNVAERNICEE WO, EDCHCI
AR E L THRIELR D> D TR EZ A 5N/, £ 2T, EDCHCI
e~ I/ E 0 HOBL ZfEMH BRI & U TANTRIEE A EZ A, G E
NEENOBRRAYORTF REBGRT DI EMNTE, XRTF R LICREMKE
ERIET S oLz,

INSRIRAYORTF RORGEIL. ESIMS., 'HNMR BLUTEESHTICLD
[FlE L7z (K 3-5~3-12), BIKASORTFROBRICHNT, BEHIAAY O
FRVZAFULTHELZRT A ZOREVEODERNE L 5N5S, FIAIE
HERANF YA ORTF REZ2RALESESE. FATELL X
cyclo[-Gly-L-Cys(terpyPt")-1,"" LISMT, ZAFHE LB L ABR RFh A% O
© RTF R eyelo[-Gly-L-Cys(terpyPt")-1,>" 28 ER T 2 AlREME i 5. 2HEOD T %
ESIMS THIEL/ZHE. D TEEZMETE ARG LONL0, WINOEE
IZBWTH Gly-L-Cys(terpyPt") L= w MZHE T % m/iz 587 DEAESNS, O
7z, WEHE O ESIMS HIE TR A XZRETLHI LG TER L, TNHEREKA
FOUNRTF REFYA XERET 720, ESETOF IC L LW DHAETAANR Y
ML ERELLZ., B0BBEYAARST PILITDWNT, 3o
cyclo[-Gly-L-Cys(terpyPt')-1,”* ZHIIZ U CERBAT 5 (M 3-6). 1F & A EDITHEITIZR
AR KIRCHEIE T BeD, 73T AV MM A E=I O 1~% o (FE AR,
atomic mass unit) HEBEICFMAE - 22RO N5, TOLD, luT DOMER
TRAAEE—Iaxmitics b, L L, TAZARY BT mia (B8 BED HE
BENDT NS, nfBOZA FD5HE, 1M1 32D mz il Tmnz &
2O me @Dl DEBELTFy —bZHEHND, 3013 2>TH 3
cyclo[-Gly-L-Cys(terpyPt")-1,™ 12, HEZE HE D 3 TE 7z0 . Rk E DB
13 ELTHN, RMERT) y MERRIZ 033 &%, RERIC, 4fioBRse. @
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3 BIRAYONTF ROERE

FARRA T )y SRR, 14 TH 5025 £720 (K 3-8a). SHDOHE. TOMEE
X, USTHDH02 &35 (®3-10a), BRLAZRRASYORT F ROBEMEFER T
Jw hOBBERETSZEICLD, TNTNORTA XERE L,

z O # B . B #H KA F Y ALY ORI FOR
H,-[-Gly-L-Cys(terpyPt")-1,-OH(CF,CO,), %E%ﬂ:@“% T EEDE SN AR,
FAL KX 7))y 033 THLHIMORRAFHASORTFE
eyclo[-Gly-L-Cys(terpyPt)-1," T 5 LR E L7 (K 3-6b). FERIZ. EEIRA
A& TR TF R H,-[-Gly-L-Cys(terpyPt")-1,-OH-(CF,CO,), #&{rd 2 2 LI2 L 01%
SNAERYE. FMEZT )y MAT02S THH4MDBERA VY AFORTF
R cyclo[-Gly-L-Cys(terpyPt")-1," TH B RE L (K 3-8b), HERTHAAYORT
F R H,-[-Gly-L-Cys(terpyPt")-1,-OH-(CF,C0O,), Z# Bt T 5 Z Iz L Do -4k
Wid, B GEAT) v bR 02 THLHS5HEORKT h AT XTFER
¢ cyclo[-Gly-L-Cys(terpyPt)-1" TH B & P L= (K 3-10b), —J5. EEKT H T
AZ TR TF R H-[-Gly-L-Cys(terpyPt")-1,-OH-(CF,CO,), #R1L L /=4 pli#h % 7] k%
LT BAMRRER A A MV EBE LT &2 B, FIHEA Ty 41025 T -
7= (K 3-12b). EEKT M AYORTFR =216l ZHFNEEL TE
L7z 4 flD cyclo[-Gly-L-Cys(terpyPt)-," DG 515 Z £Atbmo /2. K 3-6a,
3-8a, E3-10aBLUPK3-12alZ. ESEFTOFIZ L2 FNEND RSO B
wmiEE iR LTz,

E32IRIEREOHEREERLE, n=3 BEUn =4 DEEKAYORTF R
EHEAOBMALTALHSI LD, #FNTRUELERRAYORTF R
cyclo[-Gly-L-Cys(terpyPt")-] -Cl_(n=3, 4) Z#ZNFNHBNE 58 % THDH I EMNT
Elce —A =2 CEERAYORTF FERKICHAGELT 2 &, ZH5F0H
THTHaLzos®R{ELE, BRA 75y A0 RTF K
cyclo[-Gly-L-Cys(terpyPt")-1,-Cl, #3742 % THS Nz, £/, n=5 DESIRT I A
HORTF RIZDNTH, 'HNMR D SHHEOLWERATF RGN TH
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3. BM)\)*?D’\j'? t‘@mhk

5 EHMREL. ESITOFIZE D, AFRTRILLIEBKTAAS OXTFRT
HHERMELE, TORRKAZOXRTF RIZDWTHEL BE, cHEpTET> T
W5, BRI & AZTRTF R cyelo[-Gly-L-Cys(terpyPt')-1,-Cl,- 18H,0 7 & H#E

BIRT AT RTF R cyelo[-Gly-L-Cys(terpyPt")-1,-Cl, td. £ 40% DL T

EENTWEEEZ NS,
% 3-
JEF RS IR IR B2 Hig
H-[-Gly-L-Cys(terpyPt")-] -OH B4 cyelo[-Gly-L-Cys(terpyPt")-] &
(CF,C0,),,, (hour) (°C) (mM) Cl (%)
n=2 24 25 05 n=4 42
n=3 48 25 05 n=3 58
n=4 7225 0.5 n=4 58
n=>5 120 0.5 n=>5 ~40

fit & % (EDC-HCl). & (LAl (HOBY)

BFNTHA SR (EDCHCY X O, EOxt 7 24 2 CH il Th s,

n=3,4, SOEHEKATYORTF IR FATESLERAYORT FREE
RUDBEHEL T, EHIRAS ORTF FAEAL 2B (erpyPl) OFE
R L OSFEIT & DEMLICE L D BAHBEEID . 4 PO C R
ENKHAEFIEREL TWATREMNEZ NS, E HTHTHE L&
BELEZBESEZRBEOHEESRRETERLNIEMSD, CHEORTFROD
EINFLICEL CWEHDEEFEZLNS, —F. n=20BEEKT FFASDONX
TFROFEL. n=3,4,5 OEBRASIORTF BizkhR, LU BERN DS
ED CRImE N KimARNTNAHE0, 7 FATRETALED D TRITHES
LRTWEEASNDS, £, ZBEULOBRAYOXRTF RAGsheh -
ol STHITHRELEERAI ¥ A OXRTFRn=4Himohsd &
IZED BIELS TV BEABE S Lo TRIRA VF A0 RTF RNELR
b EEZSND,
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3. BURAS ORTF RO &K

ERLEBRBRAYORTF RO 'HNMR % D,OF 30C Tito 2 & 25,
TRTOITFNMNTO—-RELTHENEZ, 22T, 60C T 'HNMR O BIE %
Tolblavy =T THAHEoNE (K3-13), BIRASORTF RIL30
CTIZBNWT, H#EMIELWEDTO—-RELTENSGEEZ SN,

'"HNMR (D,0, 60 °C) BIFIZBWT, HEHKAYORTF RZFNEhDT 3/
BE1 oy RO U/ZB AR MVEGZHDIZHL, BIKAYOXRTFRIZ
FHNTND Gly-L-Cys(terpyPt") AT R THMR AR ML EE X, 60T DKk
BRFTHHEOBVEIEEE S TWBA I ENHS M ER 572, FIZIE AFH
AZORTF ROGE (H3-14), HERAYOXRTFRIIBITSH L-Cys DAF L
VER(-CH,-) A%, TNFHHIIL 3y O T FNNREMENThSDITHL.
BRIRAIORTF RO L-Cys DAFL A (-CHHE. 1By hDOITFILUME
HlENaholz, TOMOTO b AZDWTHERRIC, EEK TE3I Yy b b
- O, BIRTHEH Ly USRSz, ZHiE A5 A50XTF R
DWTHRERTH - /= (K 3-15).

B 3-161d. MRASORTFRORTF RERESD 'HNMR TH 5, 3 ppm
fFIEDL-Cys DAFL > 7O (CH) & 4ppm fHD Gly D AF L > 7ok >
(CH,) 12, BEFEREVWNELNS. RIRANFHAYOXRTF RIZBIT 2 Gly D A
FL2T7OM O TFNE BRIV AYORTF ROFRICHAYLES 7
FOWERIELTE> Thwd, —F, LCys DAF L7 bhid, BRAZIYAY
ORTFROIEES T FOHMBEA<BAZTN TS, Z0OX S ICR UK fr
[-Gly-L-Cys(terpyP(")- 1 I S ES N ZBR AF O RTF Ry, BOY A XIT LD,
NMR R ESRRBAHT ENbMms, Zhid, BRAYOARATF ROBYL X0
EWIEAENEEZRIIL TS EHREINS,

A M % 2B W T . B OB K A ¥ DO S FOER
H,-[-Gly-L-Cys(terpyPt")-] -OH-(CF,CO,) . (n =2, 3, 4, 5) DL RIS Z1T > 7= 4
n=3 45T NEFNn=3 4 ODBRAYDORTF R
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3 RIRATORTF RO EL

cyclo[-Gly-L-Cys(terpyPt)-] -Cl, 23§ 50, ZHFLL EXS FRITHRS L TRLL
b/ onihodm, —H. n=20HEHEHRT NI ASYORTFR
H,-[-Gly-L-Cys(terpyP")-1,-OH-(CF,CO,), »* 513, BR AV ¥ A F o RTF R
cyelo[-Gly-L-Cys(terpyPth-1,-Cl, 235 5115 L D BBRIEWER &z o o BLEIR
ANF 3 Ay o RTF R HA[-Gly-L-Cys(terpyPt")-1,-OH-(CF,C0Q,), 7 »
cyclo[-Gly-L-Cys(terpyPt'3-1,-Cl, W SN T R WEWD T En s, BEEIKRFH
AL TR T F R H,-[-Gly-L-Cys(terpyPt")-],-OH-(CF,CO,), & SH@/-& &z, B
RKRFHAYDARTF R eyelo[-Gly-L-Cys(terpyPt)-],-Cl, 2FH5NBDME S MIC
BoEMblnNsg, 2510, LCys DA THEREINTZRBRKASIOXRTF R
cyclo[-L-Cys(terpyPt')-],Cl, # &l T 5 - O O EBE K A ¥ o X7 F R
H,-[-L-Cys(terpyPt")-1,-OH-(CF,CO,), {3 ¥ &I Bl T X Zan o 7298, L-Cys D $IK
U AZ TR F R H,-[-L-Cys(terpyPt")-},-OH-(CF,CO,), 70 5 ZRALRILIZ L 0

“ cyclo[-L-Cys(terpyPt")-1,Cl, 2B R TE 20 TldmWh EHkEEh 5,

Flo, SEER ULERRASYORTF R, RISEFRPTIEE ELTESLZ &
WTETz, THUd, KICAIBE THLHEIRAZY OXTF FABLET LT B
IKETHZRNTF RLGEB/AA COROEHKESTTHDLY —E) C UMD
B ZEITRDEREICENTE, HEETH 2HEH (EDCHCY) % RIGTEIR
WRBEMA-Z & T, BRPOEZ A4 () GBENE<ZO, EIHEIC
LOERIBDHDEEDNS,

F/z. HPLC BFER? 5. BALRISOERBIE <, RINERPIZIRIRA S O
NRTF NS TWD T EMRBEI N, RISICETT WA E O BT 3
BEO—DTH5b,

GBRUERRAZORTF FRAEBICERERD (K3-17), BIKAYO T
FROBRRANZ SNVECZEFB LU Y — & U TOBRENRfFENS,
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X 3-5

1
ppm

—
o
=}
o~

"H NMR spectrum of cyclo[—G]j)/-L—Cys(terpyPllI)-]3-Cl3 in D,0 at 60 °C.

587.42

3-6
(a)

588.75

e,

587.4035
587.0769 L.

87.7300

(b)

586.7505

1
1
1
1
i
i
]
: 588.0567
I

I

g ——

1
|
586.06572 — ! i - 589.0781
VAN ! ! N~
586 587 588 589 580 m/z

ESI-TOF mass spectra of cyclo[-Gly-L-Cys(terpyPtI')-]33+:
(a) a theoretical 1sotopic distribution at 587.4 Da,
(b) an experimental isotopic distnbution at 587.4 Da.
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'H NMR spectrum of eyelo[-Gly-L-Cys(terpyPt!)-1,-Cl,, in D,O at 60 °C.
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586.3387 | } \ \} Vv /15888309
y \/ Vo [ /\589.0809
/ r ' Vo A \_{/\\
587.3318
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(b) \ /\ | 587.8627
\ L
'._ \ i

586.8418 \\ f

\/ Lol

/ ! ‘ .

lr[\ | \’,' \{ \ \1 5?/?\1080
v \

sas.sv | \/ | 588.3531
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586.3521 v \68/8@ 8438
- NS

586 587 588 589 m/z

ESI-TOF mass spectra of c‘yc!o[-Gly—L-Cys(terpyPt“)—]f*:

(a) a theoretical isotopic distribution at 587.3 Da,
(b) an experimental isotopic distribution at 587.3 Da.
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IH NMR spectrum of ¢yelo{-Gly-L-Cys(terpyPt'h)-15-Clg in D,0 at 60 °C.

3-10
557 2958748
(a) 587.68
587.08 |
587.88
 586.88 533 08
586.69 533 29
588.48
586.49 588.68
/\ Mtag
' ' 587.47 '
587.31 \ cg7 68
587.11 587 88
586.90 588.09
/\ 588 29
586.70
\ / 588.50
586.49 V\skwfo\f
586 587 588 m/z

ESI-TOF mass spectra of cyclo[-Gly-L-Cys(terpyPt')-] 55+:

(a) a theoretical isotopic distribution at 587.3 Da,
{(b) an experimental isotopic distribution at 587.3 Da.
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I'H NMR spectrum of cyclo[-Gly-L—CyS([erpyPlI[)—]4-C14
synthesized from H-[-Gly-L-Cys(terpyPtH)—]z—OHA(CF3C02)3

12 5873309 587.5809
587.0809 - 587.
(a) 587.8309
586.8309. 588.0809
586.5809 588.3309
586.3387

. 588.5809
588.8309
/ \ 589.0809
. '/‘,\\

f T

587.3405 . 587.5855

(b) 587.0547

586.8098 588.0757

588.3209
588.5661

/\__,_\___
587 588 589 m/z

ESI-TOF mass spectrum of c_yc!o{-GIy—L-Cys(tcrpyPt”)-]44+

synthesized from H-[-Gly-L-Cys(terpyPt')-],-OH-(CF,C0,)5:
{a) a theoretical isotopic distribution at 587.3 Da,
(b} an experimental isotopic distribution at 587.3 Da.
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D,0, 60 °C
(b)

o & & 4 3 on
D,0, 30 °C

1 : . |
H NMR spectra of cyclo[-Gly-L-Cys(terpyPt™)-15-Cl,
in D,O at 60 °C (a) and 30 °C (b).
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D,0, 60 °C
M Uhm |
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L
3 1
(b) dH,5
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4 2 0 ppm
Comparison of '"H NMR Spectra of
Linear (a) and Cyclic (b) [Gly-L-Cys(terpyP['I)]3
3-15
(@) ‘ D,0, 60 °C

M j w“ " J L Jt

(b) ’ |

{ T T - 1
10 8 6 4 2 0 pPpm

Comparison of 'H NMR Spectra of
Linear (a) and Cyclic (b} [Gly—L—Cys(terpyPl”)]4
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4 3-17

Absorbance

200 300 400 500 600

(b)

Absorbance

200 300 400 500 600
Wavelength [nm]

UV-vis spectra of cyc[o[—G]y—L-Cys(terpyPtH)-]3-CI3 (a) and
cyclol-Gly-L-Cys(terpyPt!h-1,-Cl, (b) in H,O at 25 °C.
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JERASORTFROEK

3-5. R AT OXRTF RS OEBIFEEDORE

L-Cys DF AL —h 7242 (8) BEAL LT terpyPt' 13, EBRESRET 42 (Zn™,
CUMIZE D PLSHESEUIMITL ZEMMoNTN SO, i, BBSES
YOV ABMEICEDEZI>TWS, SEERUEZERAYO AT F RIZDONT
. L-Cys DF A L — b7 24 25 tepyPt” ZBRETENIE, KKROWIKRRTF
ROGBEEREDH L 0L, MOSBEFOEAICERNTESLEEZSNS, I

Tz, BRAZOXTF RO terpyPt” B0 DIREE TFA W T 7.

CF,COOH _ g\
Hs 1

- 30

U351 EROB

a) A - BRI DOINT

TFA IZFICHMISEEIAS Z O FEFH L7,

WMEEIE 7 O b 97 4 — (HPLC) i, TOSOHPLC > A7 L&fER L=, 7
Z Ik, TSK-gel 80Ts (21.5 mmID x 30 cm, TOSO) AL, B 0.1 % TFA 5 &
H,0-CH,CN = 7:3, i SmlVmin, 77 T AR E 25°C Tir-H7z. MILITIE UV (220
nm) & Hinz,

T POATV—1F AT AANRY ML (ESIMS) id, /—F > 1)l v —#
@ PE SCIEX API-300 spectrometer (1 A > bk : T LU RO AT L —, HESHT -

MEMRIEBIPTE (QMS) IZL DRIE L 72,
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3.ERASY ONRTF RO S

b) RESHEDOBRE
BURAFH AY O TF K eyelo[-Gly-L-Cys(terpyPt)-];-3C1- 1 1H,0 (0.5 mg, 0.24
umol) ZHE{R TTFA (1 ml) IKIEMR Lo &2, RFBOBAENERAIIARS 2,

DT D ESIMS % HIE L7z, MS (ESI): m/z (Caled) 479 (479, [M - H'])

) BRAF A R T F R BB

BIRA F4 AZ OXRTF R eyelo[-Gly-L-Cys(lerpyPt")-1,-3CEH11H,O (1.0 mg, 0.48
umol) Z IR T TFA (1 mb) WIEMR L7z, MAITR slmReagaE L. 7)vd
CEWBLZHOIM ZMATEEZA, RFBAOBEBIZE Tz, TOEKRD
ESIMS ZHEL 728 25, BIRRTFREBEDNAE -0 82> Tz,
terppyPU" IZFH R, Cys OF AV HMEM LD O EHE X NS, MS (ESD: m/z
(Caled) 587 (587, [M]’"), 667 (667, [M — terpyPt" + H']™).

RiZ. TFABIREZOEE HPLC THHUEE TS 2 & 2B, U008
&7,

3-5-2. fEH - HH

ESIMS BlE (f2 14 VM) O#fFR, MEAANF T AFOIARNTFE
cyclo[-Gly-L-Cys(terpyPt')-],-Cl, 70 5 terpyPt' Cl MR E I N BRAFH X TF K
eyelo[-Gly-L-Cys-1, TH D m/z479 M - HT 86N 72 (K 3-18), 43, BHK A
FORTF RO terpyP" MTFAIZ L ORETEDLZ EARL TV A, Fi B
F R OESE T, erpyPl'Cl TH B m/z 463 M MESNTHB O, BIkATH
ASYOXRTFREEDNAE - JERHE NN/, ZOI &S, BIKAF
YA ORTF ROSBEHATSOMREN TFA LD PRI THhhTnDH EE
AHiNd,

HPLCIZ& D, ZORIKAFURTF ROWREERL LM, E— IR TE

A



3R A ORTF RDEK

ahoiz, @RHEERELERRRTF FOHBNSEROKXERFETH S,
1 F RBMBIECEBI A 2T EICLA8BHAEDOREIZIDNT. B
., BAPTH D,

RTFRENS BB ERETELENS ., OIS BIHE - DE
MARETH DI EERBL TS, £i2, @BHEAENRRRTF EEROEZHD
HEREE L TBREPTESIEEREL TS,

3-18

479.0 [M - H'T

n im]lhlul ILMQl ( Il

200 400 m/z

i
T T

ESI mass spectrum of cyclo[-Gly-L-Cys-]3
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3.BHEAY ORTF RO

3-6. F6 45

SESHEEZEA LLEERAYORTF B, B ch#xB{cd 2l &ickD,
RBIRAFTORTFFEEKRTH LR L, BIRATF RER EIC&EHEF
ERETS700 L WREEO—DEMAET LT LINTEL,

BAEMIZIE, KBET7 I JEETHD L-Cys & Gly DIRIRLEFN A BT HRTF
FLhicgRBéihkzE AL LD, BHKASYORTF R
H,-[-Gly-L-Cys(terpyPt)-] -OH-(CF,C0O,),,, (n =2, 3,4, 5) #WNR R &FRT S T &
INTEIZ,

EHRAFY,. A0 BIUOFHAYOTF R (n=3, 4, 5) E/KIERD TR
T kI, TATERELERERA YO RNT FER
mmumﬂcwmmwﬁmchm:agﬁ&%é’&ﬁ?%to@%@m:at\
CEBRT NI AYORTF R =2 DWW TR, SO THOHES LEHME LBk o
DHAZ ORTF R cyelo[-Gly-L-Cys(terpyPt")-1,-Cl, 733 57z, ZHd. E#EIR
AFZORTFRERENTZD, T TFRORERD S FETORE NMERLIZ - &
ExHN5,

INET, RERTF REEFOEEAENFRERPLEMEICLDERZ N
TEZ, FHFICHBNWT, RTTFRECEBEEATEATA I LI0LD. KBIR
PTHREI<EESELI LICRUUZ, oy TNHOEIRAY OXTF Rid,
IKBEPTHHMEOE VSR L > TR0, SEMESATF RETHRAIEL <
ERELTwBIEMNbh ol

EHI, BRASOXRTFRERE TOUE TS ZEI0LD ., REERER (erpyPt" )
WA ERETE, RBUOBRATF REEGNS I EMDh o7,

RTF FORY A LB OHEZZZ 5 2412k, —ftzmns
ENGEDRKERBETH 5,
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AR RIKAYORTF RZRWZ0T0#

Cyclic metallopeptides, cyclo[Gly-L-Cys(terpyPt"}],Cl,
Kentaro Tanaka, Kazuki Shigemori and Mitsuhiko Shionoya
Chem. Commun., 1999, 2475-2476.

Incorporation and Alignment of Functional Metal Complexes
onto Cyclopeptide Frameworks
Kazuki Shigemori, Kentaro Tanaka, Sachiko Arie,

Sanae Furusho and Mitsuhiko Shionoya

in preparation.
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4-1. 488

S I—=F), ZUTHY R yoaFFARNI Y Y OTy KRR
WA T I HEOBRIRMEEME., @B ORIES, 14/ 717 KD
F DL TFREIEE BT D HAED T & L TL BRI NCE 2 "7 2,
Pedersen 125 %7 5 > T —F)V D7)V AU &A1 A4 IR " H0H o h

%o Fiz, EERRNT I JEELEEMIELZ Y X BE D TES AU BRIR AN
TFRY, HFRMGERET DTS T LTHREN TS, FXE A

ASICEBRRAFYRTF ROKEMEICE DN O T 22V CEGER
PR & RN s T &R T,

RETERTF R EICEBEHEZEALZBRIR A OXRTF ROn 188612
DNTHRET 21T 7z,

B AY OXRTF R eyelo[-Gly-L-Cys(terpyPt")-] -Cl V&, HILR ZIVEEH T 2
JIRFBIC K OKERBEMIEZE L THO, EAINZ&EHEAOY - 2202
LBBUKMIREE & BIEA 4 K HEUKM I E R R > T b, ETz.
INBIFF2MMOASEHNFA > E—iOF AL — b7 A0 &D, k&l
TEBWEET HERMEEN TH D, &L INSOMHZE D TRBRES O T
A NCHEATELEEZ, WIRAYOXRTF RET A MEHES SO A
TER Rt Uiz,

BRAFY A yoXTF R
cyclo[-Gly-L-Cys(terpyPt")-1," 1. 3 il o
B4 85 K (terpyPt") NBUR AF U X T F
R SR TR & 32 APRRE O & 0
WEZR-> TWHHDEEZLLND, K

4-1 ITRIRANF Y Ay RTFRAEE L

FaTd— AN AT LIZHDOE IR

— /l 8W



4. BURA S O RTF REZROTZ 0 TR

L7z, Gly-L-Cys(lerpyPth) L = bHI D Cys(terpyPt") 13, +2 {liOH&B 14 > &
— 1D FFL - 7 ZF AL, r=FIH OB ERLTHED. K
RAFHYRTF RECIDOE&BHFA > (EER) N EFRICEIEALSNTND
EEZBTENTES, TOXIRRAFYTARTF FIIMHEO LI WIEER %
HTA0FTH5720,. BEMERT A0 TFERIRTELIDO TN EEZ L,

ZFIT. 3MOABWERI S 7 AN FEOMEMENZRLSZ T, WK
ANFHAYOXRTF RODFRBRICOWTHRFLE, EEHEL TR E R
JIWIR VBT A 2 OGS BRI TH D 1,3,5-, 1.24- BRW1,23- D 3EEZ

}EH bif: ( 4'2)0

X 4-2 : N N ANR VT 2

0 C-
o) o
1,3,5-
o, O
0
Q-
1,2,4
o No
0.0
0
0-
cycl’o[-Gly-L-Cys(terpyPtH)-]g,3+ o-
o 1,2,3-
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4-2. 7 2 ST D BeR Y 7 B

IBEDEEH AR DOBIRAFHAZ OXTF R eyelof-Gly-L-Cys(terpyPt')-1,> & 3
MOBABHABE D 3IBEONR Y NI AHIKR E7 24 - OMEERIZ DN
T 'HNMR BELINESIMS ik OBE L7,

4-2-1. EBRDOER

a) il - BERIT DT

'H NMR % JEOL Lambda 500 (500 MHz for 'H) {2 & YV #l & L . 20%
CD,CO,D/D,0 V&K D A b )L OEEHBITIL TSP ZHEMEE & U TH W,
b7 b (& idppm THEL., VY FINOBRRE/SY — % s (singlet). d (doublet).
dd (doublet of doublet). ddd (doublet of doublet of doublet), t (triplet), m (multiplet). br
* (broad) TREL L. By U TERJIIE He THREL .

L rOZAT L —AF 2~ A AT Y (ESIMS) id PE SCIEX API-300
spectrometer (-1 24 24k « T2 O AT L, EEH 0 IR EE ST
(QMS) IZR D HIE L 72,

b) 1,3,5-R 72 b U AV R O IR B o B

cyelo[-Gly-L-Cys(terpyPt")-1,-CL,- 1 1H,0 (1.0 mg, 0.48 pmol) (D /KA (3 ml) 12, 3
FAEON T M) AIIVR BT MY DA (13,5 1,24 BLTN1,23) TNnTh
LB (1 mM) ORES/KERSOW ZMA, —BRERTHRE L. BRE O
WHENI/d, TNEAZT L T4V —THERLUKEL, BETGEETH -
(0.8 mg). B5NZILBYE cyelo[-Gly-L-Cys(terpyPt")-1," & X ¥ 2 R ) A LR &
BE7 =2 ED 1 Db ELTNES % Thol. IOREME 20 % Bl
KU IZVERE L ESIMS ZHIFE L, & H1i2, 20 % BEMBEE KB IZER L 60°C T
'"H NMR ZHI5E L 7.
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4. BHRA S O RTF RERW T

4-2-2 R - BR

RIKATHAY ORTF RIZ3EE (13,50 1,24, 1,23)DXRERU S
WRVEEEDESHEMA LT LITL RN BREOITEDNIE. HOKE<
WRELAEN -/, ZTHIDWTR2DOERMEZ SN D, —Did. BRI T3
MDOHFA B FTHLBRIANFTAYOXRTFRPIMOT 242505 FTH S
ROBYNUANRVET AV EEEHREBRLPREL-ZZE 5 —D
i, BUKERS THLXTF RENBKER T THLZY—E) P2 ERE T
ARZEENZIENEZLN S, TOWLEYIC 20 % OFEKBRE N AT &
A, BRIER L. R ROV RNVANECETZF 03200
N7 A4 PEEICE O T O R ALLBRRAFY A O T F RIZIESER &
B ol EMTERLDTHLEEZEALNS,

F T, B0 20 % FEEEKIEW B &L 820 % BEFEL K AIREAWT. £hT
© NESIMS & 'HNMR OH[EEfT-7=. ZOWWEHO 'HNMR (20% CD,CO,DD,0,
60°C)MN5. 1,35- N NOAIARVET A ORFFRIT TN ICHY T
L5 ) 6 =287) RE BTN (K 449, TN .
cyelo[-Gly-L-Cys(terpyPt)-1,™ A3 1,3,5,-R > > MU B IR U BE7 = 4 > % &/
OB T WA I ERMEN -, TORCORESENSD LI OMKRTHLZ &
Whholz, £/ BRAFHASIORTF RIT1,3,5-0 1,2,4-, 1,2,3- BT
MATEELEE, ENETNRBABOUENELNZ, ZOZ&Ehs, BRATHAS
ORTFRAIFEORE L M AN AR ET A REWOFN S, 1,35
N NIANRET A TENWEREERT L TWA EEZ SN D,

LBEH D ESIMS OBEIERERN S, m/z 1970 OELR Sz (K 4-3), ZNid.
cyclo[-Gly-L-Cys(terpyPt")-1," &ENXE MU AR BT 242 &0 11 OFE
N1 D70 AL AT REIHAL, 1l THEAREZEKRL TWd I &5 R
MLTWd, 2271 kAL miz 986 DELRTFHLNT NS,

B 4-SIZRIRAFH A ORTFRE 135X FNUANR BT A
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4. BURA S OARTF R& O T30

DELVFaI— AN ATHELELOER LUz, BT A > AERENIE
FENBRAFHIRTFRE13SARE N UANE VEDO3 DOF ZF
VIR BFOY A XREHOMBEEAZEEITHEERA LS TWWEEZ LD,
BIRAFH A OXTF RN 13,5- X M) AIIVER T 4 2 2 BRAN
SEETAD T RWhEEZ NS,

COBRAFY A Y ORTF KD 13,5-X2¥ Y b URIL KRBT =4 12 it
THOREERL, EEEMAS I ERIVILBREZELDDEIETERN >/,

Fi= WLEBYO HNMRIZBWT, 135" NIAIR BoT ol
PERBANZ 7ML Tnwa, Zhid, BRAFHASYOXTF ROy - &
S OHFERICEDEANNWNRIZE D DD EEZ 5N D (K 4-6),

LAFiZ '"H NMR 3L UVESIMS O#RZRL7E, £/, H46liZFNFHho 'H

" NMR OF v — hZERL,

A terpary complex of cyclo[-Gly-L-Cys(terpyPt“)-]33+ with benzene
tricarboxylates. 'H NMR (20% CD,CO,D/D,0, 60 °C): § 3.22 (dd, J = 6.2, 12.3 Hz,
3H), 3.25 (dd, J= 5.5, 12.8 Hz, 3H), 3.82 (d, J = 17.3 Hz, 3H), 421 (d, J = 17.1 Hz,
3H), 7.76 (ddd, J= 1.5, 5.8, 7.5 Hz, 6H), 8.10 (pseudo d, J = 7.8 Hz, 6H), 8.17 (d, J =
8.1 Hz, 6H), 8.20 (ddd, J= 1.5, 7.8, 7.8 Hz, 6H), 8.34 (1, J = 8.1 Hz, 3H), 8.76 (s, 3H),
9.09 (dd, J= 1.0, 5.6 Hz, 6H). 3 700 b 253D 7 F )L HOD O E— 2 IZfEN T
%. MS (ESI): m/z (Caled) 1970 (1970, [M + H'T"), 986 (986, [M + 2H']*").

Cyclo[-Gly-L-Cys(terpyPt'")-1,,CL-11H,0. '"H NMR (20% CD,CO,D/D,0, 60 °
C): $3.21 (dd, J= 6.4, 12.5 Hz, 3H), 3.25 (dd, /= 5.5, 12.6 Hz, 3H), 3.82 (d, /= 17.3
Hz, 3H), 4.21 (d, J= 17.3 Hz, 3H), 7.76 (ddd, J= 1.5, 5.8, 7.5 Hz, 6H), 8.10 (pseudo
d, J= 8.1 Hz, 6H), 8.17 (d, J = 8.3 Hz, 6H), 8.20 (ddd, /= 1.5, 8.1, 8.1 Hz, 6H), 8.34
(t, J= 8.1 Hz, 3H), 9.09 (dd, J = 1.0, 5.6 Hz, 6H). 3 701 b 5 > 2/ F )L HOD
DE—Z7IZBN TN,
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4. BURA S ORTF R enz s itk

Sodium 1,2,3-benzene tricarboxylate. 'H NMR (20% CD,CO,D/D,0, 60 °C): &
7.71(t, J=8.0 Hz, 1H), 8.24 (d, /= 7.8, 2H).

Sodium 1,2,4-benzene tricarboxylate. 'H NMR (20% CD,CO,D/D,0, 60 °C): &
7.87 (d, J=8.1 Hz, 1H), 8.17 (dd, J=1.7, 8.1 Hz, 1H), 8.43 (d, /= 1.7 Hz, 1H).

Sodium 1,3,5-benzene tricarboxylate. 'H NMR (20% CD,CO,D/D,0, 60 °C): b

8.78 (s, 3H).
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5 4-3

1970 [M + H]*

L |
f
I)LMH“JLJ MM% ijﬂﬂ. b J*Lh L M‘mﬁlh 4 JA_LI . ﬁI L aﬁi

| |
1000 1200 1400 1600 1800 2000
. m/z

ESI mass spectrum for the 1 : 1 ternary complex
of cyclo[-Gly-L-Cys(terpyPt!D)-1,3* with
1,3,5-benzenetricarboxylate in 20 % CH,COOH

- m/z (Caled) 1970 (1970, [M + H'1).
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X| 4-4

@-=-5- Pt"(terpy)@
f H,O L, .
2?  precipitats in H,0
Host y. 85%
& = &
coo” . COO" 4 coOo M + H'T* - m/z 1970
coo A COO @\ o 1120 % CHiCOOHH;0
coo ¥ g 00C ¥ C00
co0 * 1:1H-G complex
Guests "
' &: ‘
*\ i i| )
il o i
___Jl J “ MJ ! .’ 4 (1 wfi 4
I T 1 F 1 l 1 I 1 1 I T T T 1 1 1 1 T _ T ]
9.0 8.0 ppm

(20% CD,COO0D/D,0 ; Temp. 60°C)

_.55_




-56-



4-6

1,3,5- |
Benzenetricarboxylate|
(1 32!3'; 1 !254'; 1 33!5')

r J
I T I| T T [ I T T T
|

cyclo[-Gly-L-Cys(terpyPtli)-]33+
+

Benzenetricarboxylate
(1 ,213'; 1 s234'; 1)3!5-)

T T T T T

T T T T T i

T

cyclo[-Gly-L-Cys(terpyPtll)

9.0

-]33+
A JMAUL_JM
L L B 810 T Ipp;n

(20% CD3CO0D/D20 ; Temp. 60°C)

'H NMR spectra of cyclo[Gly—L—Cys(terpyPtH)]3,
benzenetricarboxylates, and their ternary complex

_57._



4. FR A O RTF RE RO 0T84

4-3, #=

FETHEH,. SMHOEBHEHF OBRBRAFHASDORNT F R
cyclo[-Gly-L-Cys(terpyPt')-|;” & 3 i A8 #F 2 #F D 3 D X > b LR
VBT A EOMAEMERIZDWT 'THNMR BLNESIMS IZ L D BETL 7.

BONTZBFREDLEY O HNMR BIE DHEENS, BikAFHAS0XRTF
Rid, 13,5 R Fo M UmIVR B Y Z4 &R nEtd 52 &b -
feo EFm. ESIMS QHPEMNS L1 DA T Ly AEERLTIND ZEHRM S
N7z,

TIN5 DFFERIT, MFIMAICHET H5DITE LS TYA XPEMOALIE
EALTNWSEDEEX IS,
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= L T
J. M7 ekl

N
=t
o4
TR
E1S

AL, EEBIVBRRTF R ECERO SEEEEZEA THH L LE K
EERARTLSIL2ENEL. SBEBEHEZEALLEHEHIRT F RoGKkE, £
NERIETDHZ LICEZBRAYORTFROER. BELUE ORREEIZDNT
L7z,

SEBIMAREZA TS L-Cys & Gly DIEVIELEFE DT F K EiZ, DNA
BERECHIGBEHWAEZ LD terpyP!’ ZHBILI R EBHIKA YD AXTF R

H-[-Gly-L-Cys(terpyPt")-] -OH{(CF,CO,),., (n=2, 3, 4, 5) D& L7z, Th 5
EHERAYORTF REHEHBIOEMLHEE N, KBRPTRIETAHZ &
E;D\ﬁ%%&m&f%Fqﬂmdwxmmmwﬁ%cgm=1«&%%%%
TEHRL, BRRXRTF RLCSBEFEEBEEELIENTEZ. ZNHDHE
CRASORTF RN S QBHE epyP” ZRETELZ EAbMo . £IEE
DEFHREITE D, MOEREE-EERIK S OBIRMA[GETH 5 Z EAVRE I N/,

INHORIRRTF RO ZFMET 572010, BRAFY A OXTF R
DT =AY HFRHT 2N FREHE L TOREI OV TRFLAEE 25, 31
DABBWMEFDOIMBMOXREL M AINERCEY Z 4 VBN S, 1,3,5-X
CERURIVR BT A DB BRI BETES Z Enibno =,
FHFUTHBNT, 73 /B LICBEERz EALLRIRAYORTF RO
HLUWEREEZHEREL, BRRTF R ECeBEEEAFBHIIEL <ERET 22 &
L7z, RIFO—BEEZEOLEDIC. RTFROEIPRY X, &2
WOHELREZEZ D ZENSGERORERBETH S, AMEICLDHEFEEINE
BIRAZORTF FOH U WS EEIRL. B EZER - BT 2H5E0—D
ELTH LW OZERTLIODTH O, S SITFREN (HDFREBE. AT
B AHEE) OBEICERTES EHET 5.
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A

FHFEE D S IZHT- D, KAFWRLWEE, WEEEHEE LERAEH
B M S (BT RETFZE RSB K b & OV W 57 4k P Fob i 5> TR
TR 803%) L 5B L ET,

HIREEDDIZHID, KA RLHHEZEEEL A A¥HTE A 2
AR tH o (Rl ) S AL RIS ) TR IERT BhF) 1L = LT,

WREEDHICHIZ0, MHAETAEE LR RRE 2L R 4 4 FiT %
TERAS IR BHERICEH L ET,

NMR IS IZB T, BREAMIEZ HE 5 U B EE T S FT A 5 F
SRFFERTBNE KA R REIT O SBBN A LET,

B RAE < XA R0 NV id, BSE RS TR IR S B
D ERERBEUY Y RS U F L FIRRAH B B RICAE LTEE S
L7zo D& DBILHAL LITET,

i, FRRTRI. IGE I F IO 5 R 2 TR S AL R RS 5
RIZ AP K 2B RPIR R S E R e B SRS LB W TiTo 2 b
DTY. HiH, BRBLEE L UEBE OB 5 T LD IS 0
EEELET.
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