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Fig.2-5-09 The MS spectrum of DTPA-L-Leucine
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Fig.2-5-10 The MS spectrum of Gd-DTPA-L-Valine
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Fig.2-5-13 The MS spectrum of Gd-DTPA-L-Valine (Free Gd be removed)

L2

sasd

Mass (mi}

Ll

Fig.2-5-14 The MS spectrum of Gd-DTPA-L-Serine (Free Gd be removed)
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Fig.2-5-15 The MS spectrum of Gd-DTPA-L-Leucine (Free Gd be removed)

2-5-2-3  Synthesis of Gd-DTPA-ME sugar
According to some references, ** we have prepared a novel ligand for MRI contrast agent

to improve the stability of Gd-DTPA derivative. The Scheme2-5-03 is the preparation route to
Gd-DTPA-ME sugar,

OH
H MH o
ae NaBHy/MeOH  CqHsOHHC Disopropylethylamine
>— COOCH, =—== N - —
: NH; HN NHy reflux 24h  icebath,2h NH; HN NH;3HCL  DMF, 50 depree
NH3 HCl 2 z
1 Yield: 96% 2 Yield: %0%
' AFHBEOBR T _
1Buty] Bromoacetate L - Sugar
——— e TIXMmA T & ” 4— 5— Gd-DTPA-ME sugar
; 7'-: L H

Scheme 2-5-03 The preparation route to Gd-DTPA-ME sugar

The Complex 1, Complex2 and Complex3 were synthesized according to previously
reported procedures. ** Complex 3 react with sugar for 24 h at 60°C to obtain complex 4.
Concentrated HCI was added and the solution was stirred overnight at room temperature to get

complex 5.At last, complex 5 react with GdCl5.6H,0 at 60°C for 24 h to obtain Gd-DTPA-ME
(exact structure of complex 4~6 can not be disclosed).
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The structure of complexes can be identified by MS and 'H-NMR. The MS and 'H- NMR

spectra of complexes were shown in Fig.2-5-16~Fig.2-5-21.

Fig.2-5-16 The '"H-NMR spectrum of Complex|
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Fig.2-5-17 The MS spectrum of Complex 2
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Fig.2-5-21 The MS spectrum of Complex 4
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2-5-2-4  Physical property of Gd-DTPA-bis(amido sugar)

The MR image intensity in '"H-NMR signal of water protons linked with Gd(1l1) is
dependent on nuclear relaxation times.” They have a good correlation to the relaxation rate of
the protons. The parameters of relaxation times for Gd-DTPA-bis(amido sugar) was examined.
The relaxivity vs. temperature profile is shown in Fig.2-5-22,

8
7
]
35 —e—D1(0Ac)
P a | —e—D2(0Ac) |
» —&—E1(0OH)
c 3 | —a—DTPA |
2
1
| 0
270 280 290 300 310 320

‘ TK)

Fig2-5-22 Relaxivity of the Gd- DTPA-bis(amido sugar) vs. temperature profile,

These results show that relaxivity of Gd-DTPA-bis(amido sugar) decreased as temperature
risen, that is same with the change of relaxivity of Gd-DTPA. However. at 310K, we can find
the relaxivity of Gd-DTPA-bis(amido sugar) is higher than Gd-DTPA which indicate
Gd-DTPA-bis(amido sugar) may better than Gd-DTPA as MRI contrast agents.

2-5-3  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(IIl) as the paramagnetic centers. From the relaxivity of Gd-
DTPA-bis(amido sugar), we think these paramagnetic polymetallic species has a potential as
MRI contrast agents.

Also, we have prepared a series of Gd-DTPA amino acids. However. the stability of Gd
derivatives is low, which limit the application,

To modify DTPA, a novel contrast agent also has been prepared. The feasibility of this metal
complex as new potential candidates for MRI contrast agent is now in progress. The results will be
published in future elsewhere. According to the chemical structure of Gd-DTPA-ME sugar, we

hope this complex has a potential as MRI contrast agents.
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2-5-4  Experimental

D-(+)Glucono-1,5 lactone, DMF, DTPA. amino acids, serine methyl ester, 3-amino-
|-propanol and another material 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.

2.5-4-1 Synthesis of DTPA-bis(amido sugar)

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
residue was dissolved in dry DMF (10mL) containing ImL 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 T for 24 h. The solvent was removed under reduced pressure and
the compound was washed with ethanol and ether and dried in vacuum 3 h. The residues were
the product as a yellow crystal: yield, 0.5512 g (0.624 mmol), 95%.

IR (reflection on silicon): u(cm")=3320 (O-H), 1735 (0=C), 1648, 1543 (N-C), 1203,
1089(C-0-C)

'H-NMR (300MHz, D,0).

3(ppm): = 1.79 (1, 4H; CH,-CH,*2)
=3.32~3.41 (m, 12H; CH;-Nx=6)
=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,-Ox2)

=4.37 (t, 6H, CH(OH)-CHx6)
=4.65 (d, 2H, CH(OH)-CO-0x2)
MS: 863

2-5-4-2  Synthesis of Gd-DTPA-bis(amido sugar)

DTPA-bis(amido sugar) (0.5562 g, 0.644 mmol) was dissolved in pyridine (10 mL), and
the solution of GdCl;.6H,0 (0.2549g, 0.137mmol) in water (1 mL) was added. After 24 h of
stirring at 65 'C, the solvent was 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 vacuum
at room temperature, The product was a light yellow solid, yield: 0.6423g (0.618mmol), 96%.
Elem. Anal. Caled.: (found): Ci;HssN<O1;,.H,0: C, 36.34 (34.19), H, 5.78 (5.62), N, 6.69
(6.62).

IR (KBr): vicm™)=3361 (vOH), 1664 (0=C ), 1538 (N-C=0), 1226 (C-N).
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MS: 1039.

2-5-4-3 Synthesis of Gd-DTPA amino acids

The DTPA was dissolved in dry DMF (10mL) containing Iml of ether saturated with
hydrogen chloride, and the L-Valine, L-Serine and L-Leucine were added, respectively, and
the reaction mixture was heated at 60 °C for 24 h. The solvent was removed under reduced
pressure and the compound was washed with ethanol and ether and dried in vacuum 3 h. The
residue was dissolved in pyridine (10 mL), and the solution of GdCl;.6H.O (0.2349¢,
0.137mmol) in water (1 mL) was added. After 24 h of stirring at 65 C, the solvent was

removed and the crude product was purified.

2-5-4-4  Synthesis of Gd-DTPA-ME sugar

Serine methyl ester hyvdrochloride (1.00 g) was dissolved in 10 mL ethylenediamine and
stirred at room temperature for 16h. To remove solvent by evaporation at reduced pressure. To
purify residue, serine ethylenediamine amide can be obtain (Complex 1). The crude amide was
dissolved in 15 mL THF. Borane.THF was added at ice bath and stirred for 3 h and then
refluxed under Ar for 16h. The excess borane was quenched by carely addition of 50 mL
methanol at room temperature. The reaction mixture was concentrated under reduced pressure,
The residual oil was diluted in 20 mL of dry ethanol. Concentrated HCI (5 mL) was added
slowly at ice bath and stirred for 2 h. 2-hvdroxymethyldiethylenetriamine trihydrochloride
(Complex 2) precipitated and was collected by filtration and dried in reduced pressure. To a
solution of 2-hydroxymethyldiethylenetriamine trihydrochloride (1.00 g) and diisopropy-
lethylamine (7 mL) in 10 mL of dry DMF at room temperature under N, was added t-butyl
bromoactate (5 mL) and stirred for 48 h at 55 "C. Solvent was evaporated under reduced
pressure and the residue was dissolved in EtOAc and extracted with water, NaHCO; (sat), H,O
and NaCl (sat). The residue was purified by column chromatography to obtain the pure
I-hydroxymethyl-DTPA-penta-t-butyl ester (Complex 3). Complex 3 (1.00 g) react with an
equimolar amount of sugar in DMF at 60 ‘C for 24 h. The solvent was removed by reduced
pressure. The residue was purified to obtain pure complex 4. Concentrated HCI (5 mL) and
ether (10 mL) were added and the solution was stirred overnight at room temperature. The
solvents were evaporated off and the residue was triturated with H,O (20 mL). The resulting
precipitate was filtered and washed with water and ether. The solid product was dried under
pump at room temperature for 4 h to give the pure product (Complex 5). Complex 5 was
dissolved in pyridine (10 mL), and the solution of GdCl;.6H,O in water (I mL) was added.
After 24 h of stirring at 65 ‘C. the solvent was removed and the crude product was purified to
obtain Gd-DTPA-ME (exact structure of complex 4~6 can not be disclosed). This step is now
in progress.
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Table 3-1-01 B F : (iii)WHEBESI A TT L FIv—BR
DTPA-DETA-D2-4G1e (40Ac) (10H) DTPA-DETA-D2-4Glc (OH)

DTPA-HMTA-D2-4G1c (OH)

DTPA-HTMA-G1c (OAc)

DTPA-HMTA-Glc (OAc)

DTPA-D/TA-D2-4G1c (D)

DTPA-D/TA-D2-4G1c (0Ac)

DTPA-D/TA-D1-2G1c (DH)

DTPA-D/TA-D1-2Glc (OAc)

DTPA-X-D1-2G1c (OH)

DTPA-X-D1-2G1e (0Ac)

DTPA-B-D1-2G1c (OH)

DTPA-ME-sugar

DTPA-DETA-D2-4Gal (OI)

DTPA-DETA-D2-4Man (OH)

DTPA-EDA-D1-2G1c (OH)

DTPA-EDA-D1-2Gal (OH)

DTPA-EDA-D1-2Man (OI)

DTPA-DETA-AS2-2G1c (OH)

DTPA-DETA-AS2-2G1c (DAc)

DTPA-AS2-1Glc (OI1)

DTPA-EDA-AS1-1Gle (OI)

DTPA-EDA-AS1-1G1e (OH)

DTPA-E1-Glc (OH)
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DTPA-Phenylalanine (DTPA-Phe)

DTPA-Glycine (DTPA-Gly)

DTPA-Aspartic acid (DTPA-Asp)

DTPA-AP (DTPA-AP)

DTPA-L-Valine (DTPA-Val)

DTPA-L-Serine (DTPA-Ser)

DTPA-L-Leucine (DTPA-Leu)

DTPA-1

4-B (DTPA-B)
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Gd-DTPA-Phenylalanine (Gd-DTPA-Phe)

Gd-DTPA-HTMA-Gle (0Ac)

Gd-DTPA-1IMTA-G1c (0Ac)

Gd-DTPA-D/TA-D2-4G1c (OH)

Gd-DTPA-D/TA-D2-4G1c (DAc)

Gd-DTPA-D/TA-D1-2G1c (OH)

Gd-DTPA-D/TA-D1-2Glec (DAc)

Gd-DTPA-X-D1-2Gle (0II)

Gd-DTPA-X-D1-2Glc (0Ac)

Gd-DTPA-B-D1-2G1c (OI)

Gd-DTPA-ME-sugar

Gd-DTPA-DETA-D2-4Gal (0II)

Gd-DTPA-DETA-D2-4Man (OH)

Gd-DTPA-EDA-D1-2Sugar

Gd-DTPA-EDA-D1-2G1¢ (ON)

Gd-DTPA-EDA-DI1-2Gal (Ol)

Gd-DTPA-EDA-D1-2Man (0I1)

Gd-DTPA-DETA-AS2-2Sugar

Gd-DTPA-DETA-AS2-2G1c (OH)

Gd-DTPA-DETA-AS2-2G1c (0Ac)

Gd-DTPA-EDA-AS1-1Sugar

Gd-DTPA-EDA-ASI-1G1e (OI1)

Gd-DTPA-E1-Gle (OI)

A4

Ké

K6

o, W (Vrvadl—) 47 (ERIFT TV —(1ii) OFHEHEEE) OUT2

SRLE,
Table 3-1-04

Gd Sk : (iii)EWBME I A T FY v —

(Gd=DTPA-Phe)

Gd-DTPA-Glycine (Gd-DTPA-Gly)

Gd-DTPA-Aspartic acid (Gd-DTPA-Asp)

Gd-DTPA-2-AP (Gd-DTPA-AP)

Gd-DTPA-L-Valine (Gd-DTPA-Val)

Gd-DTPA-L-Serine (Gd-DTPA-Ser)

Gd-DTPA-L-Leucine (Gd-DTPA-Leu)

Gd-DTPA-1

1-B (Gd-DTPA-B)
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IHODEMTFHLIVEGAH#EL, TOERLIVVIIFHEELERICTHEL, HDH W
BRHFOBET., MEOMTEEREFTIRIELS.

3-1-2 MK MERICLD GdEFDTAR
Gd-DTPA-DETA-D2-4Glc (0Ac) MK HRIZ L Y Gd #fETdh S DEN-OH 2R L 7=,
DEN-OH {%, MRI Al & LT® in vitro EMido A\ in vivoFEICB W TIHEEICH
WHBERH LV REEDRL TR LA (Fig. 3-1-01), Thik, YHo G SEEOCHR

M, WEARTT, SEDROERREF, SOBAOHELITo .

DTPA-DETA-D2-4Glc (0Ac) iX. 'H-NMR. IR. MS F—# iz L h . HAHIZEOMENT
A, £, FO 6d kX, 6d OF-EBEEOMBEICEIVRETE RV,
MALDI-TOF-MS CiZ.Gd DRI EDO L —2 28D T . HEICHABBR AR bLEEX D,
i, A L7 DEN-OH®D Gd A DO#EIX, ICPIZLYVRETE S,

MADREEMSIT, L ERLZEBL T, £BE, EEOMSE - BRE, KICRM,
RIGRE, $2LE(LEETITo, BB FERHFFOBECHRTE 2V, R
ML < DEN-OH 2 AT A2 Z L R DRMAES TRV I LZEB L, MASREFE
AL L AIMAKSREE R DEN-OH @ in vitro MG RIZ. B4 EOY /547
% —4-1 TR,

Em. ZORRNS, DEN-OH ZMASMTHKN T 2RBOMIC, (LFERIZLDN
o FE, 5FEEH Y 7 b Molecular Operating Biology (MOE) {2 X % Docking
Simulation O $ % - T Molecular Design H O H M LTI FEIZHK S Gd-DTPA-1E
ST BEDO S FRHH DL GA-DTPA LA O Gd-TESEFHEEFOS FRHZT-T
W3, ERNHDOBERIC2NWTIH, HFORBRTHRICERET .

EAS@BBFOIEHEBO oY =2 MNIERFEL LTI, 2EER ETITEI, #MiE
RUEEAR L LTORMIEWT, RENABREZRV AR —HFH OB T
»HbH.

BAERE (Cr i T, IO BBE 2 BAREIC L 7=, (DDEN-OH @ 3% & 5F i O # E . @DEN-OH
OREERK & . GDEN-OH 23 < MRI ERAI O LT, @aERITABEERD
TELEBNELTI, D~@icky, YBHBTFRICLIRREZRO oY =2 MIF
XHEE, BERR, ERALTIEZ2E T, YEMARFERROMBLEZITI.

-1-3 HBRUREFELUFHFRL GEEROME
FHRARMFOMERITICoOVWTIE, $ 2 EOZFR TRk, MEMRIrOEE
7¢F—#{x. 'H-NMR. "C-NMR. IR. MALDI-TOF-MS., S o#iEotrickv @ ohi-, £
. R AR T % od 8k oV T, IR, MALDI-TOF-MS, & T M EE, 1CP,
ZOBRBIHEZTV., FAFWOHEBEORESLZWVWIIMEICET ST —F 2B, Z
NOOWBRSITIcEY, MBELAZ I EEAOREIIFII.
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3-1-4 GAEEORMUBLIUFYSVE2UE~2 3

(1) BEEERALTWEWHEFY =S L (Free Gd(111))DlE

SEEEERL TRV P =g AREMEMORNE R EZRIFELVE S &K
LEEZToOGd#EIIFOKEED pH % 7.0 ([T, Chelex'100 Resin 2N Z 6 B
MiELEZ, 20Kk, ZERBICLIVEFEZERLTVWARAVWS NI =0 L0 ELHE
|LE,

SARBOFFEL LTRETY I Fa—F B0 6d k% AL, &7 T pH
Z 5.0 (MY L/ BFEE-BERE S P Y v ARHKAMA Y P2 —HWRE T L, iK%
B—loLitk, VL /—AF LU I2Mal, BOEXNFBEOEFEF TERLT
WARWRE, HEEERL TV AW FU = ABFEELTHWARNI LEFRLTHS,
BROBREECIZERLEZEE, BEZERLTWAWVWHY FY =g ANEFEELTY
HDILETFLTWHOTE2ARB TENE( LR 225 £ T Chelex'100 Resin iz k5
FrEEZEVELITR- -,

(2) Gd A DORBEREEM (7) ORE

B L7 Gd S 2 BRKIZEAR S+, 5 LRI AE® Minispee (TD-NMR) 2 k&
D#EICEENDSZKOT 0 b rORBIEER (7)) ZRE L7~ @M iR K EE
BREKBENERTHIEFLELL BB MOATVWS, £, EREAITENICHE
EEhsZ 2B ANABROBEZITCICAELTAELXT Ao, HIERE
PHNDIZRDE)—2DGCAEEICHEFSHOMELTRAVELNR O T & kEN
e () & L=,

(3) Gd REDRIE

BMEEMIEEAO GAREICEFELTVWASD, ICPBESESITERZ AV TS
MEFMOMEICER LI2KERO Gd BEXRE L, £7-. BKEIED Gd BELEN
ETHRICEELRIBBERIISOREICHE L~ 6d AKiEik2 AW THERLE,

(4) GdEEkDORBMNE (r) ORI

Gd SEEICEENRZ2 K0T 0 broO@EMIEM (7) ZRELZ, #0R (1) 11X,
HEAL L TOMELRTEERARF AL LRLZOT, BNFEH T, B LUEEAO
CABMETTRINDIEOK (1) ICLVREEME () 2RO,

3 x1000 -7, "
T

R — (1)
[Gd™]

ry; fEEfE [s'mMT]

Ty ; #EFRMBESH [ms]

n™C KOMRE [s'mM )
[Gd*']; Gd M [mM]
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