18
T ——
TN
~
\
18}~ \
\ T e
X, \H‘“'v"' l ’1 \ /_/"" N
' {s S " i
- ‘/ i " ! g ,i
" AR AN A
f T [\
\ Y \ fy
b3 1 ﬁl { ;{i : ’; z";
i J% / vl i
2} | 1 y {
Y ]
I |
i
1
! |
a ; !
4000 30060 2000 1000 700
Warvenuraberfom- 1}
Fig. 2—5—14 {£&€HB 4 IRARI L
DTA TGA Temp
u\{ mg, (o]
1 H E .
: o, - 500.00
7000- 200- .
60.003-— - 400.00
0.00-
50.00- I ]
;. - 300.00
; P
40.00- ' ‘““" .
....... 1 20000
~2.00- |
*30.00-
4 100.00
20.00-
~400- ; ;
“H68 ) 5650
Time [min]
Fig. 2—5—15 {89 4 ORBIH

'H-NMR A7 bV XY 1.97-2.13 ppm IZ 7 B FLVEBHFK O — 2 %, 3.00-3. 84ppm
e FaxF VEREOEY -7 2 FNTETNERL, ThbDTa b EEAFUENT
AFVvro7Ta b rEEEELE, T.EFeXIVERAROE—2(3D,0 E#HT
BT L THERLE, MS A7 k)L XY 1945.61 [(M-3H]l D v — 27 R L71-, IR A
Z bV XD 3440 cm ' iZ O-H MMBIC L 2BINERT &b XUV EOFEL.
1743 cm™ I C=0HEIZ X B RIN & 1226 cn ' IZ C-OM#EIC L A RIN A T4 = &bz R

-

— —

138



TIVDEER 1658 cm ' 12 C=0 HMEIZ L AL & 1542 cn " IC N-H EAIZ L 2RI %E R
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A4 (5) DER

GdCl,'6H,0
Ligand A4 H,0, Pyridine A4
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2—-5—2 EBH

2—-5—2—-1 FHARERUVUITRS
2TOREHERVCBEERIZ. MBI EK(RREHK -~ 7L R v F - HE(
BRILERKXESHE - BERALFEHRRESELOOTHRLEZER L,

'H-NMR (300 MHz) A2 hLik, JEOL JNM-AL300 EREK LB S XHFZ AV E L,
TDLE, BEEHE L TIXEZ nuk/lh (chloroform-d). EAK (0,00, B AF L
ANFEFT R (DMSO-d) #ERAL., AEHIERE L TIXIMS 2EHA LT,

ATR-FTIR A7 hjLi., JASCO FT/IR-410 #F4A 43 %2 AW THIE L,
BhERIEX., BERERT DTG-60A50AH HIER* AW THIEL -,

MALDI-TOF-MS Z kX 2 H & #71¥. o -Cyano—4-hydroxycinnamic acid,99% %=~ h U v
7 A2 & L. GL Science #t Voyager-DE Porimerix # AW TCHEIE L7,

Ho7hrsuw b7 I 74 —OBEMIZ. Ta—4F )L C-200 AV,
2—-5—2—2 SEBRE#
1) X (Terminal ) BBOE R

*2,3,4,6-F FS-O-FEFL-DH-TNLa/-1,0-5H9 2D (1) B
TNIFERKT, TRT772alzo#)-7ra/-1,5-7 27 b (5.00 g, 28.1m

mol) . #EE/KEEEE (30 ml)., MY 7 A ofifE (2.5 ml) Z AN, BB TIFMERL

o WIETCHEAREL, Z7uoR/LAHRIY, AEALBETMREKET Y

U LKEER (20 m1X2) THL, fAFEAT MY U AKEKR (20 nl X2) THEL

Teth, BAKBET N ULATEHBEIERE, 518, BHE. HESWEZS VDXL D S

LArua< hF 57— (CHCl, : methanol = 20 : 1) [T CHEEER L, BOLEHT

HHECHMIWE 2,3,4,6-7 FT-0-TEFAL-DH-FAa/-1,5-57 Fr 1 (8.1

0 g, 23.4 mmol) %X 85%T1HH7-,

55F 1 CHi0, 5 MW, @ 346.29

MALDI-TOF-MS (+) :

mp. - 224°C

IR (E1)

v (em™) @ 1751 (C=0), 1218 (C-0)

'HNMR (CDC1,)

§ (ppm) : 2.08, 2.12, 2.17, 2.22 (sX4, 12H ,CHC(=0)0X4), 4.24-4.43 (dd, 2

H, H-6, 6’ ), 4.62 (m, 1H, H-5), 5.13 (d, 1H, H-2), 5.36 (t, 1H, H-4), 5.56
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(t, 1H, H-3)

- DETA-Sugar (2) &

TNHIUEFERKT., TATZ7F7 23 2,3,4,6-7 b F-0-TFNL-DF)-F =2 /-1,
5-77 b 1 AN, PUTDVIKEBRIE, KKBPTHEBLRAEALYZFL MY
TIVEWDWOLKVBMTFLE, BETCHEEZREL, 7o R VARERIYE, §i
FZBMKREEAKFZET MY U LAKEKR (G nl), fafnE{kr Y U AKEK (5 nl) DJE
TEE Lz, BKEERT M) VLATERBESER, 5@, BE%k, BLLEDTHD
HEef&S 2 (2.06 g, 2.59 mmol) ZHMULE 90%TH -,

SFR ¢ CyH N0y, 3 MW, : 795,74

MALDI-TOF-MS (+) : 796.44 [M+H]"

m.p. @ 225C

IR (KBr)

v (em™) : 3463 (0-H), 1743 (C=0 of ester), 1658 (C=0 of amide), 1542 (N-H of
amide), 1234 (C-0 of ester)

'HNMR (CDC1,)

§ (ppm) @ 2.07, 2.14, 2.19, 2.23 (sX4, 24H, CH,C=0X8), 2.74-3.70 (m, 10H,
OHX2, CHNHX2, CHNHC=0X2), 3.98-4.45 (m, 6H, CH,X2, CHX2 (sugar hydrogen
s) ), 4.97- 5.55 (m, 6H, CHX6 (sugar hydrogens) )

2) a7 (Core)EBBDAER

- DTPA dianhydride (3) ®&

TLTUEERT. A7 5 A2 DTPA (5.00 g, 12.7 mmol) 2 AN, &g U
v (10 ml) ICEMBESE, B U AN O EKEBE (4.8 nl, 5.08 mmol) ZMZ. 50C
T4 RFEHEBE L, MBYWEEEAB L, BAKEBE (10 nl1Xx3), 7 hr=rU/ (1
0 mlX3) DIETHELLE, EXEBRTHZLTAMILAEM THIAERMS DTPA di
anhydride 3 (4.46 g, 12.4 mmol) MU 90%TH7-,

IR (KBr) '

v (em™) : 1820 (C=0 of carboxylic anhydride), 1774 (C=0 of carboxylic anhydr
ide), 1643 (C=0 of carboxylic acid anion), 1118 (C-C0-0-CO-C), 949 (C-C0-0-C
0-C)

13C NMR (DMS0-d,),

& (ppm) : 50.9, 51.9 (2XN-CH,.CH,), 52.6 (CH,.0=C-0-C=0), 54.6 (N-CH
,.CO,H), 165.6 (0=C-0-C=0), 172.0 (0=C-OH)
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3) Ligand M D&

-Ligand A4 (4) DER

TNIFEEHKXT. A 75 X232 DTPA dianhydride 3 (0.483 g, 1.35 mmol) &
{te% 2 (2.15 g, 2.70 mmol) Z A, DMF (10 ml) ICIEFEEE. 50°CT 24 BRI
L, BETCTHEEZREL, HERDZERR (Y 7o) —) [T THBEE
WML, BERSE 4 (1.95 g, 1.00 mmol) ZUNEE 74%THE -,
SyFF ¢ CoeHyNgOys 3 MW, @ 1948. 80
MALDI-TOF-MS (-) : 1945.61 [M-3H]"
m.p. : 180°C
IR (KBr)
v (em™) : 3440 (0-H), 1743 (C=0 of ester), 1658 (C=0 of amide), 1542 (N-H of
amide), 1226 (C-0 of ester)
'HNMR (CDC1,) .
§ (ppm) : (BFFOBEFE T, H-NMR F— Z OFEMITETRTE 2, )

4) MDERE

A4 (5) DER

F A7 F R Ligand A4 (0.558 g, 0.286 mmol) (b H FU = A (M) Sk
fuo#m (0.128 g, 0.344 mmol) Z A+, /K (2 ml) WKHEAEIE, U (0.083 nl,
1.03 mmol) %/ANZ 40°CT 16 R L7z, WET CHEELZREL, HERD 2 BRE
fa (MY 7ax—)L) CTHBERRL . BE/RK&ED A4 (5) (0.500 g, 0.236 mmol)
VR 82% T1E -, _
3F 3 ¢ CrgHy GdNgO, 5 M.W. : 2103.02
MALDI-TOF-MS (+) : 2103.57 [M+H]*

2—-5—-3 &M

1) M. Takahashi, Y. Hara, K. Aoshima, H. Kurihara, T. Oshikawa and M. Yamash
ita, Tetrahedron Lett. 2000, 41, 8485-8488.

2) K. Muramatsu, Y. Takehara, H. Sakahara, M. Yamashita, T. Nishikawa, N. Sa
datoh, ISHRM2005, 7 v Y F#HEKR R Z — 2005.

3) M. Yamashita, S. Laurent, L. V. Elst, and R. N. Mullar, ISMRM2004, i i
EARRXZ— 2004.

4) C. C. Joseph, H. Regeling, B. Zwanenburg and G. J. F. Chittenden, Tetrahe
dron 2002, 58, 6910.
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2 — 6 Synthesis of DTPA amido ester |igands
2—6—1 Introduction

Magnetic resonance imaging (MRI) is a powerful and non-invasive diagnostic technique
useful in providing images of the inside of the human body !'). In recent years, complexes of
lanthanides with diethylenetri-amine-N,N,N’,N”’ N*’- pentaacetate (DTPA) and with its amide
derivatives have attracted considerable attention as potential contrast agents !*®). These
paramagnetic complexes contain one water molecule in the first coordination sphere, and fast
exchange of this water molecule with the bulk water in the human body provides an efficient
mechanism for the enhancement of the relaxation rates of the water protons [7-121 However, the
rapid development of magnetic resonance imaging technique for medical diagnostics has led
to an increasing demand for even more effective contrast agent.

As a dendritic DTPA derivative for MRI contrast agent, it contains three parts: core part,
linker part and bifurcation part. In our Lab, a novel MRI contrast agent or Gd-DTPA-D1
(Fig.2-6-01) have be prepared by DTPA amide ligands, that displayed a good property on
relaxivity and specific in vivo distribution.">!*] However, the disadvantage is that it cannot
be excreted from body timely because its molecular size is too big or its affinity to materials
in blood vessel is too high.

The other disadvantage is that its synthesis required a complex, tedious and expensive

process. These defects limited the application of this novel MRI contrast agent.

?HO—[;OH

- )\’i)n/l
02 OH
RS

W N /:ﬁ NH [e)
-~ ’ ’ o
N NN _[OH

HO

H20
Fig. 2-6-01 The chemical structure of Gd-DTPA-D1
To overcome these disadvantages, we have prepared DTPA amido ester ligand. As we

know, C-O bonding is easier to be broken than C-N bonding in body, which make sure that the

bigger molecule with ester bonding can be decomposed more easily and excreted faster from
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quy timely. Maintaining basic chemical structure, the C-O bonding was introduced by using
amino alcohol as a linker toAconnect MR imaging moiety with lactone as a biofunqtional group.
Also, we can charge different linkers, for example 2-amino-1,3-propanediol or different
biofunctional groups, for example glucose to obtain different ligands. The compounds were
characterized by IR spectrometry; nuclear magnetic resonance (NMR) spectrometry, mass
spectrometry (MS) and the results indicate that only type of species with well-defined

structure has been formed.

2—6 —2 Results and discussion

In my experiments, The ligand DTPA-bis(amido sugar) was obtained by reaction
between D-(+)Glucono-1,5 lactone and DTPA-bis(amido alcohol) which can be prepared by

reaction between DTPA bis(anhydride) and 3-amino-1-propanol.

2 —6 —2 — 1 Synthesis of DTPA anhydride

The DTPA anhydride was synthesized according to previously reported procedures !'*.

DTPA was added with stirring to a mixture of acid anhydride and pyridine for 24 h at 65
degree. After the completion of the reaction, the precipitate was washed by acid anhydride and
acetonitrile. After the precipitation heated in vacuum, we can obtain the produce in 90%. The

Scheme2-6-01 is the preparation routé to DPTA anhydride.

HO,C rCOZH CO,H ° 0, rCOZH 0
2 ﬂN\N /T‘(— 2H A0, 65°C, 24h E/\N/\’N\/\N/\g
HO,C ) CoH pyridine X k[c])/
DTPA ' DTPA anhydride; y. 90%

Scheme 2-6-01 The preparation route to DTPA anhydride

IR, '"H-NMR and "*C-NMR spectrum of DTPA anhydride were shown in Fig.2-6-02~

Fig.2-6-04, respectively. From the IR spectrum, we can find the peaks at 1820cm™ (C=0
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stretch symmetry), 1774 cm™ (C=O stretch asymmetry) which are characteristic peaks of
cyclo-anhydride. Compared with the spectrum of DTPA, we can find four chemical shifts,

which appear at 4.0 ppm, 3.6ppm, 3.5ppm, and 3.2 ppm. From these changes of spectra, the

structure of produce can be identified.

] 1 1 ] Liaacilens aalbs

Liaiats 1
RPN A R

Lasaalaaanl ] L 1 1 ] 1
omp u 2 X 1@ R IMe R LI MR

R w3
Waveramberfem - 1

Fig.2-6-02 The IR spectrum of DTPA anhydride
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Fig.2-6-03 The 'H-NMR spectrum of DTPA anhydride
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Fig.2-6-04 The '* C-NMR spectrum of DTPA anhydride
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2 —6— 2 — 2 Synthesis of DTPA amido alcohol
To a solution of DTPA anhydride in dry DMF, 3-amino-1-propanol solution in DMF was

dropped into solution at room temperature. After 3 h of stirring, the solvent was evaporated to
dryness under reduced pressure. The residue was the product in 98%. The Scheme2-6-02 is the

preparation route to DTPA amido alcohol.

OOH 3-amino-1-propanol | " r\'OH
N — Ho_/?qij@w

d N \_<O DMEF, 1t, 3h COOH

DTPA amido alcohol; y. 98%
Scheme 2-6-02 The preparatlon route to DTPA amido alcohol

Fig.2-6-05 and Fig.2-6-06 are IR and 'H-NMR spectra of DTPA amido alcohol. From the
IR spectrum, the peaks at 1820cm™ (C=0 stretch symmetry) and 1774 cm” (C=0 stretch
asymmetry), which are characteristic peaks of cyclo-anhydride, disappeared. According to the
'H-NMR spectrum of DTPA anhydride, we can find the chemical shifts at 1.79 ppm, 3.64 ppm
and 3.89 ppm because of the introduction of amino alcohol. From these changes of spectra, the

structure of produce can be identified.

146



N S
N \ J N
\\/\ \ﬁ/ k/\ J\\jf\ /\/

S

o0 |- ¥

]

¥

I L 1 L 1 i n . 1 L 1 1 1 A " 1 i 1 ! 1 1 L
vy DGOG DAV B0 SO0 24K ZCAK3 ZAND LTG0 LAWK VROKS 17X TGO LIAND § 406 100 1200 1100 100 MOU 0w TG
Wavemmmbaricm -t

Fig.2-6-05 The IR spectrum of DTPA amido alcohol
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Fig.2-6-06 The 'H-NMR spectrum of DTPA amido alcohol

2 —6—2 — 3 Synthesis of DTPA amido esters

The ligands DTPA-bis(amido sugar) were obtained by reaction between lactones and
DTPA-bis(amido alcohol). To a solution of DTPA-bis(amido alcohol) in dry DMF in acid
condition, and the lactone was added and the reaction mixture was heated at 60 degree for 24
h .After the completion of reaction, the solvent was removed under reduced pressure and the
residue was washed with ethanol and ether and dried in vacuum. The yield of produce is 90%.

The Scheme2-6-03 is the preparation route to DTPA amido esters.
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The structure of ligands can be identified by IR, MS, and 'H-NMR. The IR, MS and 'H-
NMR spectra of ligands were shown in Fig.2-6-07~Fig.2-6-09. From the 'H-NMR spectra, the
chemical shift appeared in the regions of 4.3~4.7ppm because of the existence of sugars. In
the IR spectra of the ligands, the peaks at 1735 cm™ and 1664cm’ were attributed to C=0
(ester). |

Further, the evidence for the existence of ligands was obtained from the mass spectrum.
From the mass spectra, the peaks at m/z 508, 686, 864 also can be found. The peak at m/z 508
is hydrolyzed ligand DTPA-bis(amido alcohol) without sugar; the peak at m/z 686 is

Gd-DTPA derivate containing one sugar; the peak at m/z 864 is Gd-DTPA monohydrolyzed

containing two sugars.

7

HO—" Ri—c HOOC\ C H DMF, H' D-(+)-Glucono-1,5-lactone

noo— MWV rK_COOH 60°C,24 h

s i ]

0 o L _E HOOC cN | HO_KO
o, | =0 \/\\ AN o=c—
| HOO N COOH ]
OH OH
H

o OH

DTPA-E1-Glc(OH); y.92%

Scheme 2-6-03 The preparation route to DTPA amido esters
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Fig.2-6-07 The IR spectrum of DTPA-E1-Glc(OH)
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Fig.2-6-08 The 'H-NMR spectrum of DTPA-E1-Glc(OH)

100 BOL.T0
O
a0
70
oo 283,62 38508
508168

20 i i
. L‘H AN iUi L)
R LNTVRLINYY, W AW P ﬁu\ Ul s AN A T PR
. 730.2 E20.0

8.0 8784 ncas

1

Fig.2-6-09 The MS spectrum of DTPA-E1-Glc(OH)

2 —6 — 2 — 4 Synthesis of Gd DTPA derivative

The Gd-DTPA derivative was synthesized according to previously reported procedures.
To a solution of hydrated GdCl;.6H,0 (1.1 mmol in 1 ml of H,O) was added a solution of the
ligand DTPA-E1 (1.0 mmol in 10 ml of pyridine), and the mixture was heated at 65 degree for
24h. The solvents were evaporated under reduced pressure and the crude product was then
refluxed in ethanol for 1 h. After cooling to room temperature, the complex was filtered off

and dried in vacuo. The Scheme2-6-04 is the preparation route to Gd-DTPA-E1-Glc(OH).
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Scheme2-6-04 The preparation route to Gd-DTPA-E1-Glc(OH)

2—6—2—5 Physical property of DTPA-E1-Glc (OH)
The MR image intensity in 'H-NMR signal of water protons linked with Gd(IIl) is

dependent on nuclear relaxation times.['® They have a good correlation to the relaxation rate
of the protons. The parameters of relaxation times for DTPA-E1-Glc(OH) was examined. The

relaxivity vs. temperature profile is shown in Fig.2-6-10.

—&—D1(0Ac)
—e—D2(0Ac)
~—E1(OH)
—i—DTPA

270 280 290 300 310 320
T(K)

<1 e
ri{s" mM )
O = N W AaE OO ~J o

Fig2-6-10 Relaxivity of the Gd-DTPA-El-Gic(OH) vs. temperature profile.

These results show that relaxivity of Gd-DTPA-E1-Glc(OH)) decreased as temperature

risen, that is same with the change of relaxivity of Gd-DTPA. However, at 310K, we can find
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the relaxivity of Gd-DTPA-E1-Glc(OH) is higher than Gd-DTPA which indicate Gd-DTPA-

E1-Glc(OH) may better than Gd-DTPA as MRI contrast agents.

2—6—3 Conclusions

We have successfully synthesized a new gadolinium conjugated compound by a simple
two-step reaction. This complex can be obtained by using DTPA-bis(amido sugar) as the
ligand, and using gadolinium(III) as the paramagnetic centers. From the relaxivity of Gd-
DTPA-E1-Glc(OH), we think these paramagnetic polymetallic species have a potential as MRI

contrast agents.

2 — 6 — 4 Experimental

D-(+)Glucono-1,5 lactone, DMF, DTPA, and 3-amino-1-propanol were obtained from
Wako Pure Chemical Industries, LTD. The DTPA-bis(anhydride) was synthesized according to
previously reported procedures. 'H-NMR spectra were collected on JEOL EX300 (300MHz).
IR spectra were measured on a FTIR-spectrometer, using reflection on silicon. Elemental
analysis was performed on a FLASH EA1112. The MS measurement was performed on a

VOYAGER-DE Porimerix.

2 — 6 —4 — 1 Synthesis of DTPA anhydride
DTPA (10.0g, 25.4mmol) was added with stirring to a mixture of acid anhydride (10.4g,

102mmol) and pyridine (15mL) for 24 h at 65 degree. After the completion of the reaction, the
precipitate was washed 3 times by acid anhydride (50mL) and acetonitrile (50mL). The
precipitate was dried in vacuum for 1 h. The product is a white powder: yield, 8.16g,
(22.9mmol), 90%.

IR (KBr): v (cm™) = 3445 (O=CQOH), 1816(0=COC=0), 1761(0=COH)

C-NMR (DMSO-dg);

8 (ppm) = 50.7, 51.7 (NCH,CH,x2)
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= 52.5 (CH,0=COC=0)
=54.5 (NCH,CO;H)

=165.7 (0=COC=0)
=171.9 (O=COH)

2 — 6 — 4 — 2 Synthesis of DTPA amido alcohol
To a solution of DTPA anhydride 0.2500g (0.700mmol) in dry DMF (10mL),

3-amino-1-propanol 0.1051g (1.400mmol) was dropped into solution at room temperature.
After 3 h of stirring, the solvent was evaporated to dryness under reduced pressure. The
residues were the product as a yellow mass: yield, 0.3515g (0.693mmol), 98%.

IR (reflection on silicon): D(cm'l)=3309 (O-H), 1738(0=C), 1654, 1539 (N-C), 1065(C-0).
'"H-NMR (300MHz, D,0),

d(ppm): =1.79 (t, 4H; CH,-CH;x2)

=3.32~3.41 (m, 12H; CH,-Nx6) -

=3.64 (t, 4H; CH,-OH)

=3.73 (s, 4H; CH,-COOHx2)

=3.75 (s, 2H, CH,-COOH)

=3.89 (s, 4H, NCH,COx2)

2 — 6 — 4 — 3 Synthesis of DTPA-E1-Glc (OH)
To a solution of DTPA-bis(amido alcohol) 0.3515g (0.693mmol) in dry DMF (10mL)

containing 1ml of ether saturated with hydrogen chloride , and the D-(+)Glucono-1,5 lactone
0.2469g (1.39mmol) was added and the reaction mixture was heated at.60 degree for 24 h. The
solvent was removed under reduced pressure and the compound was washed with ethanol and
ether and dried in vacuo 3 h. The residues were the product as a yellow crystal: yield, 0.5512 g
(0.624 mmol), 95%.

IR (reflection on silicon): v(em')=3320 (O-H), 1735 (0=C), 1648, 1543 (N-C), 1203,

1089(C-O-C)
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"H-NMR (300MHz, D,0),

8(ppm): = 1.79 (t, 4H; CH,-CH,*2)
=3.32~3.41 (m, 12H; CH,-Nx6)
=3.64 (s, 2H; CH,-COOH)

=3.73 (s, 4H; CH,-COOHx2)
=3.77 (s, 4H, CH,-CO-NHx2)
=3.87 (d, 4H, CH(OH)-OH)

=3.92 (t, 4H; CH,-0x2)

=4.37 (t, 6H, CH(OH)-CHx6)

=4.65 (d, 2H, CH(OH)-CO-0Ox2)
MS: 863

2 — 6 — 4 — 4 Synthesis of Gd-DTPA-E1-Glc (OH)
DTPA-E1-Glc(OH) (0.5562 g, 0.644 mmol) was dissolved in pyridine (10 mL), and the

solution of GdCl;.6H,O (0.2549¢g, 0.137mmol) in water (1 ml) was added. After 24 h of
stirring at 65 degree, the solvent were removed and the crude product was then refluxed in
ethanol for 1 h. After cooling to room temperature, the complex was filtered off and dried in

vacuo at room temperature. The product was a light yellow solid, yield: 0.6423g (0.618mmol),

96%.

Elem. Anal. Caled.: (found): Cs3Hs;NsO2.H,0: C, 36.34 (34.19), H, 5.78 (5.62), N, 6.69

(6.62).

IR (KBr): v(em™)=3361 (vVOH), 1664 (O=C ), 1538 (N-C=0), 1226 (C-N).

MS: 1039.
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3 in vitro Sl

3—1 =
ERR 19 EE M S E AN FTRE & 72 o 7= BURUKER 81 o 7k A BE A NMR 4y % &F Minispeck
(0.47T) IZ XY U OMBHMREIIH L TH Gd-DTPASEE O TL EMBEZRE LT,

3—1—1 BHAKITOTI EHNEEMTE

Gd$EETH D Gd-DTPA (v VX E R b)), BL UV GA-DTPA-EFEARD GdEB TH S
Gd-DTPA-DETA-D2-4Glc (OH) . H» B WM&, Tk 19 FEICRAB L - FH 2 MRI EEH (&
FHEEBFEOEDIZ, AFEHREESTIIFELAR) OW X, Y, ZIiIZ2WT, TL ZEZME
B O(EAIE[s? M) ZBIEL. BEFLE LTOBREZRAFE Lo, EV 7D 1M
BEKEIR (BHMAIZERR) OBFEEZ B Lz (37°0), £7-. RO EE D Gd-DTPA
AKBK(=7XER M, BARY =Y 7B BAIE L., B L7 (Fig. 3-01),

14

12

10

T1 Relaxation rate [s™' M']

0 b \j;u' L ‘ |
Gd-DTPA Gd-DTPA- W X Y Z
D1-C2-
Glc(OH)

Fig. 3—01 T1 relaxartion rate for Gd complexes in ultra pure water.

£ T ? Gd-DTPA ¥ESEEIZ DWW T, GA-DTPA L LERTEWEMEL2ES S Z L ¥k T,
Bl MRIGEER Z OBEIX12.9 s'M'THY, Gd-DTPAD 3.7 s' M'D 3 FLULED
BRHERELNT,
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3—1—2 MmAGTOTI ENEEINE

100 %, 50 %, 0 %D 3IBEOBEO Y VRIRME (BB 4.5 g/dl) KEIK BBHiAIZ
BERE)HPTO GA A . GAd-DTPA(* /R E X M BAEAY = — U v 718 18 & U8 6d-DTPA-
PEFE R D Gd 881K, Gd-DTPA-DETA-D2-4Glc (OH). &H B\ ix., TRk 19 FEEICTHB L=
FReMRI EER (FFHEBREOEZDIC, FAMEREETIIIELAE) oW, X, Y.
ZD 1.0 mM OFEFIEE (37 °C) %58 L kbEk L7, '

18
T 15 frmmmmmm oo o — - o oo
= ‘ - @ - G&-DTPA
12 ——W
2 - -x- - Gd-DTPA-C2-D-4Glc(OH)
; 9 —a—X
% --m-Y
56 ——2Z
o
c oo T
O L

Concentration of FBR [%]

Fig. 3—02 T1 relaxation rate for Gd complexes in cow albumin.

Gd-DTPA TR 7TA T IV OBEEICE ABRMEOCLTLIZE LN - 1= 28,
GAd-DTPA HESHE AR TIIEMEOLAL RO N, BIC. GAEEEKZ OTLT IV DORBEE
Bl 2EBWERMEDOLERELR2EHE L Z LR HEL,
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BT, Gd-DTPA DFEEEA 1 (OH), A2 (OH), A3 (OH), A4 (OH). A5
(OH) »%WIB1 (R). B2 (R), B3 (R) (HF#HFHEBFROZDHIZ, AR
BMEETIIHEABR IOV TH TIEFMFHEZHIE L. GI-DTPA DE & B L 7= (Fig.
3-03), ¥/, MEPTOTIEMEEICOWVWTHHEBREF LT,

INOLOMERFKENDL, YEHRICIVEARZ2EBEETEN S FOREICHTHE
FRBoNTEERDLS,

T1 relaxivity [s"'M™']
N
l

0 g | ! | | l%” ! i 1 ! 1

Gd- FEHAK FEEK FEK FEK FEKK BI(R B2(R) B3(R
DTPA AI1(OH) A2(OH) A3(OH) A4(OH) A5(OH)

Fig. 3—03 T1 relaxation rate for Gd complexes A’ s and B" s in ultra pure
water.

157



