IR (KBr,cm™'):1728(0=C-0-C=0), 1658 (0=C-0-C=0), 1388 (C=0-0H),
1226 (C=0-0H)

(4) S9asL7221-0H DA
PZF LMY T I (2.04g, 19.8mmol) Z DMF (50mD) IZIEN L., BERTHEL N
5 D-(H)-Fn=a/)-1,5-F 7 h v (7.05g, 39.6mmol) 2L oMi7, 6 BEEZERET
HBRLEAZAREL, FHLEZESZ258L, ERSETEREZDC 7YV a LT
I 2 3(8.77g, 19.0mmol) Z XK 96% T 7=,
MALDI-TOF-MS (+) 460, [#+H]".
‘H—NMR (DMSO-d;),
6 (ppm) : 2.50—2.70 (m, 4H ; NHCH,X2)
; 3.00—4.00 (m, 16H ; CH,X2, CHXS8(sugar hydrogens), 0=CNHCH, X 2)
; 4.34 (bs, 10H; OHX10)
; 7.62 (t, 2H, Jyno=5.46Hz ; 0=CNHX 2)
'*C—NMR (DMSO-dy) ;
6 (ppm) : 38.0 (NHCH,)
; 47.9 (0=CNHCH,)
; 63.2 (CH,(sugar carbons))
; 70.0, 71.4, 72.1, 73.5(CH(sugar carbons))
; 172.4 (0=CNH)
IR (KBr); v (cm™) = 3382 (OH, NH), 1650, 1544 (O=CNH)
m.p; 134°C—136°C |

(5) T1-Boc-0Ac W& |

7Y T I 3(4.23g, 9.21mmol) Z DMF(20ml) ICVAR S ¥, Z OEBIKRIZ K
B —t— 7 F /N (2.01g, 9. 21mmol) DMF 3F#% (10ml) Z K KIBWF TH F LTz, D%, =
BT 1 BEE#HRLE, REERT#, PV=FA7Ir (I0m1) 2%, EHICEK
HEBE (9. 40g, 92. lmmol) # K KIS TM X TE T2 AMBHR L, KISK T A (20m)
EANERL, EOIEB=F L (50ml) LEFREBEAZET MY UL (1g) &M ihh
HL7, KfEZEBE=F /2 (30nl) THEME L, fafngEAk (50ml) T 3 @EEEEHEL
oo MBRICEAKGRE T P VLATHEBESE, PBLTOLBET CEELZ2REL, B
BE VTN T L7 7 0— (BREBZoaRLAb A4 ) —1=20:
1) THEBERNTAZZ LIV TEFribEaEn-EEHKESS D Ti-Boc-0Ac
(7.67g, 7. 83mmol) ZIN K 85% THl,
MALDI-TOF-MS (+), 1002 [#+Na]".
'H—NMR (CDC1,) ;
§ (ppm) : 1.47 (s, 9H; (CH,),C)
; 2.00, 2.05, 2.06, 2.08, 2.11 (sX5, 30H; CH,C=0X 10)
; 3.37 (bs, 8H; O=CNHCH,x2, 0=CNCH,X2)
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; 4.10, 4.34 (ddX2, 4H, Jue=12.3Hz, Juo5. 46Hz, 3.76Hz ; CH,X2 (sugar hydrogens))
; 5.04—5.62 (m, 8; CHX8 (sugar hydrogens))

¥ TIFTebrov—2iF37a—RELTLESRELD, BRISh o7,
1C—NMR (CDCL,),

§ (ppm) : 20.3, 20.5, 20.6 (CH,C=0)

; 28.2 ((CHy)40)

; 39.5, 47.4 (0=CNHCH,, 0=CNCH,)

; 61.5 (CH, (sugar carbons))

; 68.7, 68.9, 69.3, 71.3 (CHX4 (sugar carbons))

; 80.8 ((CHy):0)

; 156.8 ((CH,),C0C=0)

. 166.7, 169.3, 169.7, 170.5(0=CNH, CH,C=0) -

Rf= 0.57 (CHCI, : MeOH=10 : 1)

IR (KBr)= v (cm™) = 1755 (0=C0), 1683, 1538 (0=CNH), 1683 (0=CN)

(6) T1-Boc-0Ac MRt Boc {L R (T1-0Ac 7 MERK)

T1-Boc-0Ac (8.42g, 8.59mmol) % ¥ 27 mu X & 5nl)IZEM L., BWIKEZHERE LR
5 MY 7Aoo EEER (Tnl, 94.2mmol) ZEIRTAH LT oM., £0%, ZEIRT 1 KMHE
30 B L, REKRTH#, BETTHEELZ2BREL THrLEREZEEE = F /L (100n])
WZENP L, FOBEEHRMKREEKSFZEST MY 7 A(GBOn]) THEXH L, KRIZAK (50ml) THE
L7, BMBICEKFEERT Y VATHBSE, 2BLE%R. BHETTHEEZREL,
BELZVIIINVIT A~ T T7T7 40— (BREBE I oo RV LI AZ ) —)b
=15:1) CHEERBMT A L TEAKSRD T1-0Ac 7(6.58g, 7.47mmol) Z IR 87% T
= |
MALDI-TOF-MS (+) 880, [4#H]".

'H—NMR (CDCl,) ;

8 (ppm): 1.29 (s, 1H; NH)

; 2.06, 2.09, 2.12, 2.16, 2.18 (sX5, 30H ; CH,C=0X 10)
; 3.20 (m, 4H ; NHCH,x2)

; 3.40—3.76 (m, 4H ; 0=CNHCH,X 2)

; 4.11—4.39 (ddX2, 4H, J,4=12.4Hz, Juw=5.37Hz, 3.00Hz ; CH,X2 (sugar hydrogens))
; 5.11—5.70 (m, 8H ; CHX8 (sugar hydrogens))

; 8.22 (m, 2H ; 0=CNHX2)

13C—NMR (CDC1,) ;

& (ppm) : 20.7, 20.8, 20.9, 21.4 (CH,C=0X10)

; 36.3 (NHCH,)

; 47.7 (0=CNHCH,)

; 61.7 (CH, (sugar carbons))

; 68.6, 69.3, 69.5, 71.9 (CH (sugar carbons))

; 167.5, 170.0, 170.3, 170.7(0=CNH, CH,C=0)
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Rf= 0.28 (CHC1; : MeOH=10: 1)
IR (KBr)= v (cm™)=3376 (NH), 1752 (0=CO), 1680, 1541 (O=CNH)

(7)) E®/770LaL7VT3 1HOER
TNAHAFEEKT, ER T DMF(0n) IKEFESERE D-(H)-F =3 /-1,5-5 7 K
> (1.00g, 5.6lmmol) 2 =F L > 7 2 2 (11.2ml, 168mmol) T 12 BFRAMN T TR 4 IZTE
Fli, MF#k. BiC 6 BEARGEEE, RIEKTH. BETFTEHE2BELAA LR
DEREIZ 702 Z2(10m1)EMAT 1 BERAL, BEMDLFHE I EHERIBIC
FOVBEELERE, RBEITENDD T3(1.43g, 1. 19mmol) # UV 89% TH7-,
IR (KBr): v (cm™) = 3363 (OH, NH), 1643, 1550 (0=CNH), 1103 (NH,)
MALDI-TOF-MS(+):239, [#+H]".
'"H—NMR (DMSO-d;) :
& (ppm) : 2.49—2.61 (t, 2H; NH,CH,)
; 3.05—3.18 (m, 2H; O=CNHCH,)
; 3.35—3.60(m, 4H ; CHX 4 (sugar hydrogens))
; 3.90—4.00(dXd, 2H; CH, (sugar hydrogens)
; 7.63 (t, 1H; O=CNHX1)
SCNMR (DMSO-d,) :
6 (ppm): 41.4 (CH, NH,)
; 44.3 (0=CNHCH,)
; 63.3(CH,.0H)
; 70.1, 71.4, 72.1, 73.6 (CHX4(sugar carbons))
; 172. 6 (0=CNH)

(8) DTPA-DETA-AS2-2Gic(OH) 7 &R

7T EBESKT,DIPA-MA(0. 20mg, 0.53mmol) & ¥ 7 L2 L7 I > T3(0. 24mg,
0.52mmol) % DMSO (5ml) IZ¥EfE ¥, YU v (Iml) /M 25°C, 1 BREEE D, K
o, BEREZBETRENCEEL, BEZ2HBLEBORAIZZZ / —LEMZD
CLELTHHDE2NMHEHEERBREEBCIVEREAREILRIF S Z LT
DTPA-DETA-AS2-2G1lc (OH) 2 EEMIZHE = (Z DEFETIIR#M & L T DTPA #45 A T
%)
MALDI-TOF-MS (+) 835, [##+H]".
* BRIV TETWVWARWEH NMR TORBITNR TE Lo,

(9) DTPA-DETA-AS2-2Glc(0Ac) 8 M AERK
T o EZBESK T . DTPA-MA(0.51mg, 1.36mmol) & Z' /b 223 K7 I » (1. 07ng,
1. 21mmol) % 50°C, 1 BRI ¥, RIGKTHRBIETREREZBEL, BEIIAZ /) —L
EMAHTEREREZABTHIETHRVWE, REABEBNPOBEABETEET S
& T, DTPA-DETA-AS2-2Glc(OAc) (1.17g, 0.94mmol) ZXHK 77% TH 7=,
MALDI-TOF-MS (+) 1254, [##]".

120



'H—NMR (CDC1,) ;

8 (ppm) : 2.05-2.17 (m, 30H ; CH,C=0X10)

; 3.14- 3.69(br-t, 26H ; 0=CNHCH,X2, O=CNCH,X2, NCH,CHNX 2, NCH,C=0X5)

; 4.15—4.36 (m, 4H, CH,X2 (sugar hydrogens))

; 5.12—5.72 (m, 8H ; CHX8 (sugar hydrogens))

X 7IFNFaobrov—s37ue—FNELTLE-7, BRlENhoT,

(10) DTPA-EDA-AS1-1Gic(OH) 12 MERE

T HAFEBRSTT. DTPA-MA(L. 00g, 2.67mmol) & T3 7 (0.50g, 2.09mmol) %
HOBt (0. 43g, 2. 08mmol) . DCCI (0. 29g, 2. 15mmol) % fififit & L T A V> T DMF (10ml) F 60°C
T1 BERHRTHLTRLE T2, RIGKRTH®, BREZBERET 2 Z & TRYE
., APERPOBETEEAZEEL, REZ ¥/ — LV THETHZ LT
DTPA-EDA-AS1-1G1c (OH) (0. 64g, 1.05mmol) % UXE 50% T&7-,
MALDI-TOF-MS (+)614, [#£+H]".
'"H—NMR (DMSO-d) :
& (ppm): 2.89—3.47 (m, 22H; O=CNHCH,X2, NCH,CHNX2, NCH,C=0X5)
; 3.56—3.66 (m, 4H ; CHX 4 (sugar hydrogens))
; 3.92—4.02(m, 2H; CH, (sugar hydrogens)
X TIFNrbhrro¥Y—2@37e—RNbelized, EELR7Ta b bernEeho
7=

(1 1) Gd-DTPA-DETA-AS2-2GIc(OH) 9 DE&RE

DTPA-DETA-AS2-2G1c (OH) 7(0. 150g, 0.0676mmol) 7K 3ml & U > 1ml DIRE AR
WHEMRIE, Z2I12 Im1 OKIZEHERLUEELT VY =9 ARXKFfn# (0.025g,
0.0676mmol) Z W T L 70°CT 4 BRI L7z, RIGK THRBET CTHEHELZREL, BRE
AL —NLVTBBELENROEETAIETHEBHERD GI-DIPA T FV < —
Gd-DTPA-DETA-AS2-2G1c (OH) (0. 149g, 0. 0649mmol) % IR 96% TH 7=,
MALDI-TOF-MS (+) 988, [#]*.
ESI-Q-MS(-) 988, [#]".

(12) Gd-DTPA-DETA-AS2-2Glc(0Ac) 10 D ERE

DTPA-DETA-AS2-2G1c (0Ac)8 (0.150g, 0.0676mmol) %7K 3ml & &V ¥ 1ml DREE
BICHEMSE, 2210 1m 1 OKICHEM LELY KU =2 2 xK%9 (0,025,
0.0676mmol) ¥ F L 70°C T 4 BERIIEHR L7z, RISK THRBIEF CREZRE L, Bt
ALY )= NLVTBALRRLERTDAIZ L THABHKRD GI-DTPA T K VY v —
Gd-DTPA-DETA-AS2-2G1c (OAc)

(0. 149g, 0.0649mmol) Z XK 1. 8% TH -,

MALDI-TOF-MS (+) 1409, [##H]".
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(1 3) Gd-DTPA-EDA-AS1-1GIc(OH) 13 D&RR
DTPA-EDA-AS1-1Glc (OH)12(0. 2g, 0.489mmol) Z /K 5ml & 'Y 2 0. 15ml DRESHHE
WHEBREE, 221 Im 1 OKICHEMRLEELT RY =0 55K #H (0.133g,
0.538mmol) Z i@ T L 70C T 4 R L7z, RISKRTHREBET CHREL2BREL., BE
EAZ ) —NVTHALRBLEERETHIZETHEYEKD GI-DTPA F o F U v —
Gd-DTPA-EDA-AS1-1G1c (OH) (0. 25g, 0. 0326mmol) % IX=E 67% TH -,
ESI-Q-MS(-) 766, [M]". '

2—-3—2—5 WHEARE (/n vitro)
BARAERICHEATTOEREE T, BROBESHME 3 7 CItEH, BIE LAIE
SNTEBAEMESEIC, FERATA—F—2BEEICEL., Y7L =ZEAIEL
FHEZH L, BEINBEMEZHERICEALBERMREFHE L, BERM
OY L TFNIZE LT, conen. HEEEZ Y LV ABRICH L TERETH-IZI7TEEMNML
— BB L -EIROBEMEREAZAEL., TLBEHEOBRERICRATAZ LT
TLVOENVREERD,

B35 X
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2—4

Utilization of Dendritic Framework as a Multivalent Ligand: Synthesis of a
functionalized asymmetric gadolinium (III) carrier with glycoside cluster moiety

2—4—1 Introduction

Molecular imaging requires molecular probes able to interact with specific targets and
characteristic of the imaging technique. For magnetic resonance imaging (MRI) the presence
of a paramagnetic or supermagnetic center is required.

H

Fig. 2—4—01. Target molecule K6
(52 D REER T K6 DB I DWW TIIBARTERRWY,)

Several hyperbranched polymers have been described in the last decade and their expanded
applications have considerably enhanced their own 51gn1ﬁcance To explore the use of
spherically dendritic macromolecules as drug carriers, it has attracted a great deal of interest
because of the feasibility for new drug delivery systems.3 Accordingly, some groups have
described intriguing examples of new contrast media for the preclinical studies of magnetic
resonance imaging (MRI), where dendritic frameworks were applied as a paramagnetic
metal support.“’5 Lanthanide metals such as Gd(III) shorten the relaxation time and
presuppose a possibility of achieving higher sensitivities for the MRI examinations.®
Hitherto, much effort has been devoted to create new candidates in this field, and most of
them immobilize the metals in the exterior surfaces under chelation.”” On designing more
instructive contrast agents, we explored an alternative approach to a tunable candidate for
the metal carrier by utilization of the dendritic framework as a ligand for lanthanide metals.
These ligands are composed of diethylenetriaminepentaacetic acid (DTPA)"® and
glycodendrimers, which may immobilize gadolinium ion at the focal points by eight
coordination sites, allowing one water molecule to chelate and encapsulates the metal ions
inside the glycoside clusters. Along with the ‘glycoside cluster effect’, the carbohydrate
aggregation may offer a potential advantage for site-specific delivery of the contrast agents
at a molecular level since carbohydrates play significant roles in recognition processes on
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cell surfaces. In this publication, we disclose a

new type of dendritic macromolecule, which

works as a functionalized ligand coordinating gadolinium(III) ion at the centers of their

frameworks under complexation.

2—4 —2 Results and Discussion

HO,C HO,C
A~ jN A~ OY\N/\/N\/\N/YO
HO,C” N7 \/\k COH A0 Py o\n) K[(O
HO,C coH  65° 2h 1
O VYield: 99% ©
1eq. H,0
DMF, 80 °C, 4h
Hozcﬁ
N O
HOzC/\N/\/ \/\N/Y
0
HO,C H(
2 O
Yield: 80%
Scheme 2—4—01. Synthesis of DTPA mono—anhydride 2.
HO
HO HO
HO
NH OH
OH
NHz  p-(+)-Glucono-1,5- NH o4 OH — HO
HN lactone . HN/ HO (Boc),0 BocN HO
DMF, RT, 24h — JH° DMF, RT, N
N over night H OH
NH2 H L. on OH
3 4
Yield: 96%
AcO
Ac(()) cO
C
NH L OAc
OAc AcO
ACzo EtzN ACO HN c0
'RT,48h DCM.RT.2n RT, 2h \
H OAc OAc
6
Yield: 86%
Yleld.86%

Scheme 2—4—0 2.

Synthesis of Terminal 6.
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Fig. 2—4—02. 'H-NMR of compound 6.

The synthesis of target dendrimer K6 depicted in Fig. 2-4-01 (exact structure of K6 can not
be disclosed) employed a convergent method to couple diethylenetriaminepentaacetic acid
(DTPA) mono cyclic anhydride (2), (Scheme 2-4-01) and glycoside wedge 12. The higher
ordered branch 12 (wedge), responsible for the dendrimer K6, was synthesized by a coupling
between 6 (Scheme 2-4-02) and Boc-Linker 10. The carbohydrate domain, D-glucose amide
derivatives, were chosen as representative compounds. The synthesis of double glycoside
branch 3 in Scheme 2-4-02 was achieved by direct amidation of diethylenetriamine with
d-gluconolactone.

OH
B —
-O4PH 2+H 3N /E/OH > Boc-Linker (1 0)
OH

Scheme 2—4—03. Synthesis of branch 10.
(%FFDORAMRT Bec-Linker OEEIZ DWW TIIBIRTE R, )

After Boc protection of the secondary amino group, all glycoside hydroxyls were acetylated
by treatment with excess of acetic anhydride in the presence of triethylamine. At this stage,
N-Boc protected terminal 5 was obtained in 82% overall yield from diethylenetriamine and
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cleavage of the Boc group by trifluoroacetic acid (TFA) gave the amine 6 in 86% yield, and
structurally confirmed by NMR spectra (Fig. 2-2-02). The building block 8 was readily
accessible by the reported meth(_)ds,]1 and its amino group was then protected as the
tert-butyl carbamate (Boc group) to give 9. Subsequent hydrolysis of ester groups in basic
conditions led to the linker unit Boc-Linker (10) in 67% total yield over four steps in
Scheme 2-4-03.

AcO

AcO o

H  dac OAc
c DCC, HOBT ,
AcO ——  Boc-Linker-Sugars — Linker-Sugars

Boc-Linker + HN 0 AcO THF/CH.Cl,
\—\N 0 RT, 24h
H OAc OAc
10 6 v 11 wedge (12)

Scheme 2—4—04. Synthesis of wedge 12.
(% DOBE%E T Boc-Linker. Boc-Linker—Sugars.
Linker—Sugars(7—9)@%iﬂa‘blob\ftiﬁﬁ%f‘%fm\o )

Condensation of compounds 10 and 6 in the presence of DCC and HOBt gave N-protected
wedge Boc-Linker-Sugars (62% yield), and subsequent removal of the Boc group by TFA
cleavage led to another amine, Linker-Sugars,Wedge in 60% yield. With these glycoside
branch in hand, the dendrimer Ligand K6 (13) was quantitatively produced by their
nucleophilic addition with DTPA mono anhydride (Scheme 2-4-05). The formations of
dendritic structures were assigned by their spectroscopic data. In the '"H-NMR spectra, the
intense acetyl and glycoside peaks appeared in the regions of § 2.0-2.3, 6 4.1-4.4, and ¢
5.0-5.7 ppm, while the characteristic protons of the metal chelating portions showed broad
absorption around ¢ 3.5 ppm as observed for other DTPA analogs. Like previous works on
Gd{II)-DTPA complexes, dendritic ligands should leave the three carboxylate arms free to
coordinate to Gd(III) ion. HPLC analyses showed that the formations of well-stabilized
complex K6 (Scheme 2-4-06) was readily realized by heating mixtures of the ligands and
GdCl3.6H,O in aqueous media at 95°C. Remarkably, these complexes showed good
solubility in aqueous solutions, although the acetylated glycosides might reinforce their own
hydrophobic features. Besides, these acetyl groups could be cleaved by additional sodium
hydroxide with good yield. Finally, the synthesis of new dendritic macromolecules and their
utilization as functionalized ligands was achieved. Along with our synthetic strategy, a
multigram synthesis responsible for practical use as radiopharmaceuticals can be
administered. The chelates with higher-molecular weight compounds are indispensable for
prevention of their diffusion from the intravascular space during MRI examinations.
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Accordingly, these dendrimer-gadolinium(III) chelates may develop many criteria for
superior contrast agents after certain structural modifications have been made.
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Fig. 2—4—03. 'H-NMR of compound 10.

Following the intensive and deep investigations on a wide variety of carbohydrate-modified
dendrimers, and the structural skeleton of new MRI contrast agents, the feasibility of their
metal complexes as new potential candidates for MRI contrast media are now in progress.
These results will be published in future elsewhere.

core (2)
wedge (12) Ligand K6 (13)
DMF, RT, 24h

Scheme 2—4—05. Synthesis of compound 13.

(% D BMR T core, Ligand K6 DEIEIZ DWW TIIBAIRTE AR, )

(i) GdCl; 6H,0, H,0, 95°C, 1h

Ligand K6 (13) - — > Target [K6]
(ii) ag. 1N NaOH sol,H"-ion
exchange resin

Scheme 2 —4—0.6. Synthesis of Target compound.

(B3 OBIA T Target (K6) DHEEIZ OV TIRBIRTE RV, )

127



2—4—3Emwmmul

Preparation of DTPA mono-anhydride (2) To a solution of diethylenetriaminepehtaacetic
acid di-anhydride 1 (0.9 g, 2.5 mmol) in anhydrous DMF (4.0 mL) stirred under argon
atmosphere at 80 °C, was added H,O (45 pL) dropwise over 40-50 min. Thereafter, the
reaction mixture was stirred at 80 °C for 2 hours, during which 2 was precipitated, and then

it was cooled to room temperature, filtered and dried to give pure compound 2 (0.75 g,
80%).

K6 To a solution of Ligand K6 (0.26 g, 0.078 mmol) in ion-exchange water (4.0 mL) stirred
at room temperature, was added GdCl;.6H,O (29 mg, 0.078 mmol). Thereafter, the reaction
mixture was stirred at 95 °C for one hour, and then it was cooled to room temperature. The
mixture was washed with ether (10 mL) and dried to give K6(OAc), 0.26 g (95%). This
Compound was further dissolved in ion-exchange water (5 mL) and 4 mL of aq.1N NaOH
solution, and stirred at room temperature for 1-2 hours. And then DOWEX 50W-X8 ion
exchange resin (H form 100-200, 1.2 g) was added. After the completion of reaction, the
resin was filtered off, the filtrate was evaporated to give K6 as yellow crystal, 0.16 g (96%).
IR (KBr): 3355 (OH), 1589 (O=CNH, O=CN) cm™..
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2-5 BMOXGEZREBLE-FHAMI ESHAOSHE

m=

BEMRI BEZA & L TERLEINTWVWS GA-DTPA X5 F 34 X/ & < MR RHRE
fIZHLTWend nEEZFRELS ERNICH—IZPHALTLEI DD,
MAPNWIEDOHEHIBETHLIZIT TR, REDPEBESCEREZERNICHEE TS Z
ERTE TR,

UMAZETRHELETH2EZE~ORBEEICEB L., MEBFEERVCEARBFRED
BB H1F LT Gd-DTPA 2 ¥ C{LZEEM L 7= GA-DTPA-SE(LEHDEEEIT-o TV 5
(Fig. 2-5-01), BEICHMEFAE TidE% 4 53 FE A L /= Gd-DTPA-DETA-D2-4Sugar 23 &
BRENRTRY V, fTHLHEEZ )L a3 —R ¢ Lz Gd-DTPA-Diethylenetriamine-D-4G1c (0
H) AP - Bl - mMEFICHEWVIESFSZEREZ AL 2, SLICHFEBEAAOHBATEET
HHILEBEINTEY . BKFORHREAOEDIZLEATHIEEZLND P, £72,
TNa—ZA0t Fax VENRTRTT EF k&N Gd-DTPA-Diethylenetriamine
-D-4Glc (OAC) 1T EE - MICEWVWIBBBREZ A L TCWVALHEINTWVD Y,
AEHFFETIEINI—RDE FuaFx AV EBETEYFLEOKZFRET I LIZL D,
ARoTehbbVENFORBBRERELRRTHZL2HFL, BHLETHLEDHDOE
ik K OVFRA % 1T - 7,

Figg 2—5—01 Models of Gd-DTPA-Sugar compounds as MRi contrast agents.

2—-5—1 HRLER :

ABFZE TII R (Terninal ) 2. 27 (Core) BICHEI LIz A—Y 2 Z N ZHER L.
FNOEDFREAPDDFPFRA~NEIEREEIE TN A=V MEIZED
DIPA-¥EILEHE AR LTz, £7-. B L7 DIPA-EE{LAEH~DHT R = ADF L —
YarilbEBHL, RECWBROCMEDY —F v T 4 V7 BAEERFH MRI EEA
TH 5 Gd-DTPA L EHOEREFER LTZ, UTIRENENDOIEA OFEMIZ OV T~
5.
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2—5—1—1 XiE(Terminal) BBOER

KBTI L AR—F — LB S, L A_—F— R DIPA & RX—H#— % 3
7 S FREBIC LV RBEEILD, AR—Y—@ITFLUFYTIvELE, &
. RISAZBETH7-DIC. BIES5 7 FofbLib0 e L=, UTFIKZAZhDOE
FRITEDFEBIZONWTHRR B,

*2,3,4,6-T FS-0-7EFNLOH-TIN2/-1,5-5H9 b (1) ODER

CH,OH CH,0Ac
o} Ac,0 o
OH (o) TA—-» OAc (o}
oH OH rt,24h oA OAc
y. 85% 1 ‘

Scheme 2—5-—01

2,3,4,6-7 FF-0-TEFNA-DH-F)Na)/)-1,5-F 7 bix p(#)-Fna /s-1,5-5
7 hr NI TNFORBEMET, BAKEBBERIGITDIZLETHIZENHEES &
W|EINTWVD Y AR TH, TOARFELABEOFETLEY 1 2IUR 85%T
BER LT, LU BEXRVITBOTZOAYOREIITOA TV ARL 72D T,
EFRTIE I ISV T A7~ v 57 4— (CHCl; : methanol = 20 : 1) 2k
HHEBBER YT, ZTORSIE, p(H-Fra/-1,5-F7 bk Faxi il
BAEEEE L ORET VABBREIGICE A e Fax v Eo 7t F LRI TH B, =
DREIZBWT, D(H) -z /)-1,5-F 7 b X EKEBRICIERE L2 W B ERDITE
T D7D, KICBIBROBY R R e RICEITOREE L, 7. &KL
ALE® 1 WK E Tho7e, 20X, bEH 1 BEOE FuxF v LRk TEF
NWEEDODZATNLVEESZ2BLEEE2 L TEBY, B2 ) vtu—), BB IEHEE L
LB EICUEBETHH-DMRPE LR -T-EXZONB,

Fig. 2—5—02 {t&® 1 O'H-NRRRARY FJL -
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- DETA-Sugars (2) OB

CH,0Ac . L.
0 dietylenetriamine (0.5 eq)
OAc — ™  DETA-Sugars
OAC Pyridine
OAc rt,24h
y.90%

Scheme 2—-5—-—02

(#%35r D B1% T DETA-Sugars OEEICHOWTIIERTE 21y, )

BITOrh, P F LN TIVELREY 1 LOREBRISICEVILEY 2 24
INR 90 TER LTz TORGITIEET 1 OINRNVRBLRERECHR S F
VY NITIVIZEDRETUVLVEBRRIETHY, P=F L P 7 I LT
DEAEINT, B L7 DETA-Sugars (2)KIEIX, UV XA bS5 hra~w NI 57
A—ICHRELTLEI LD INIC LD EERERBHER N2, 20D, T K
YR FETHEELLL®, BRERAICLIEERENEZITI L e L,

PATFIZ "H-NMR A7 bV MS A7 kL IR AT ML BB OF — # %511,

2—5—05 Y 2 ®O'H-NRRRY FIL

Fig.

132



Applied Blosystems Voyager System 6384

Moce ot apeszson: Retector
Voyager Spec #1=>BC=>AdvBC{32,0.5,0.1)=>NF0.7=>DI[BP = 765.3, 84802} Extaetion modt. Dotwyed
‘m‘ ecoemt Venal
Accoleratrg votags 20000V
100 7064412 9,550 voRage: %%
M voltago rass: 112
Guidle wirs 0. 0.007%
ontaytme 125 moec
90 fon mexs gz 10 - 1300 Da
Nurmder of Rsor shotr.
tewrs 1848
Leasr Rop Rata: 3o0Hz
& Cusration tyoe: Dotz
Camaton mavx #Openn-s- oy ramic £t
Low mazz g2t or
Timdion selectr. Off
70 Ofghizer cowt trw:. 3272
&in sz 08 nsoe
Numdes ot Gats poces:  TORB2Z
Vertical sczo 0 500 v
80 Versca ctant 0.85%
onit berdnich & 500 Mrz
z
g Szmoio wolt o
£E® P=a [ PLATEY
Sorta rcmber: [~ 2]
e knanent oo FRO
Pl type tinncme; CAVOYAGER00 will phire pit
0 - Led pame:
8352673 xpaziion: MIW,:
Rofatve noosior 213044
- yoositor:  -2200.14
i Shats in specto: 5
H Bowce prosm; 2.0580-007
i 10913163 tirror preseoo: £.63%-008
20 1 pressures 0.001
Yy 10473302 £ o) widlx T
Bjea017 T8 fight lengeie ess
10 4925844 .
754,
;4{1,53&5 F‘om ;lmm
H 3 (3 a
50 w74 5058 w092 12026, 15010 A
Masa (i) . i
H o
Fig. 2—5—06 &H 2 DM ZARI L
146
W5 TN
\ T
3 a ./\" ~ I M,f\
\ -~ VNN,
I x el N / A i
‘\ Al'/ ! j i Xl‘ J !‘- 1
e I J Y
j AL
14 ! A ¢ i
LAY / v {
| by A\ !
! 1 c
8 i i
| [
T i
1
135
f
13- }
i
127 . H > 1 1 3
4000 3000 2000 1000 700

Fig.

2—5—-07

Wavenumber{em=1}

L&Y 2 O IRARI M

133



DTA TGA Temp
uV m, : , [o]
o~ : 50000
50.00- N i
B i i :
2000 | AN ? 140000
4000 N i
: X :
e - z ‘\ é :
Py : P
30.00- ; : ]300
o i |
/ -~ Lo
o’ . H H
20.00- : i e | 200.00
0 -2.00- .,
.00~ i {10000
0.00- : -
: £ . i H
B.66 70.00 70.00 0.00
Time [min]
Fig. 2—5—08 {&H 2 O®RosH

'H-NMR 2227 h bk ® 2.07-2.23 ppn 7 B FAEEFOE— 27 %, 2.74-3.70 pp
miCkt Fax I VEHREOE -2 ZnN TR L. ZEN607a RV EEAFURY
AFLvro7a N COBERELE, 22T, E FeXF UL ERAROE— 713 D,0 B3
5L THERLEZ, MS A2 hL XV 796.44 [MtH]"O ¥ — 27 #FeB L=, IR X227
PRV 3463 cn ' IC O-H HMEIC L Z2RINZRT I b Fuxv LV EDHFEEL., 17
43 cm T C=OHMBIC L AUV E 1234 cn ' IZ C-0 I L ABNE RT 2 M b= R F
NVDIETE% (1658 cm ' 12 C=0 HHMEIC L DI & 1542 cn IZ N-H ERAIC L 2RI E =T
TEDROLTIFEDOHFEREZNENHER L, UEDLS{LEY 2 OBEEZREL:,

2—5—1—2 a7 Core)BOER _

ITEILDIPA THLD, a7 T IV ELOREHEOMERVCRIERERET 5
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Scheme 2—5—03
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