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CHO  HN N NH, =N N N=
s, T
Br (O ——> pBr 0 O@-Br
> EtOH o <o
~ ~

o)

N
(20) (21)
COQMe rc:02Me
BrCHZCOZMe W= NaBH, NH N RN
ey g
NaCO3 d Br Br O> Ob—Br
MeOH 0§ /O
(22) (23)
COZH
1) 6BM-HCI
THE NH | N HN
2) 30% NaOH C/< b
EtOH
Figure 2.13

7 (10) OE%

6 FEEA(LF (10) 22U\ Tk, p-anisaldehyde (15a) R=OMe & 4-formyl-
phenylboronic acid (15b) R=B(OH): & i¥#HHE & L CREETT o, ZI T,
RUBELEREL LTRBALDIE, RUBHEMIIFERED 1,2-VF— 11§
EELOMEBLEF VBT AT N EDL DRTNI LD, MEREREORE
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7z, diethylenetriamine & D&%, NaBHLBTIZELD FUT I (17h) &
L7eds, KOEIBE~DOVEEE T E OBBER 0 BRFESRIZHEL LT
R, BIEL, HERMICERE, BEERG T R TEBRERG LT, &k4E
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(Gd-11) R=OMe E=34.03 kcal/mol (Gd-26) R=OMe E=36.61 kcal/mol

Figure 2.17 Calculated Structures and Energies of Gd complexes.
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Figure 2.18
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FEEPRRERICOD, T L OSBENTE aholz, BE, BAF (11b)
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=73, EZEO MR &EEFIOFMER 725 FHEERE LT, £FVIIHRT 5
BWALT RY = ADBRMECREELZB I Ro7-, IRIEIC L > TE LI TR
FREE DBIERE R % Table 2.1 ITRT,

Table 2.1 T, Relaxation Times for Gel Phantoms at 0.3T and 25°C.

Gadolinium Conc.? 0 2 4 6 8 (10°mMm)

12 wt% Gelatin 1116 820 765 686 619 (ms)
2 wt% Carrageenan 2255 767 402 299 242  (ms)

a) Concentration of GdCl;

IOREREB LI, BT R = LOBMEEZRDD L, 12wtHETFF
77 AR LTIE 84 mM - 9)7 L 2wth A T X —F v T 7 P AT
47 (mM-g) 1 Lo 7e, H KU =0 AA F 2 OKRERF TOEFMEIL, 9.1(mM -
871 (0.5T) %) ThoZlhb, BEFFUFATIIKEEKT LRETHD B,
SRS NV CIRBRENRRESRDZBbhole, ZHUEA R =U A F
VIRTKBBEICH L TERERRE WD, ZEETHIITF—T I X
DR EE LEBREEDND,

5%1X, ROV R =y AERROM, BFETHLI SR LT D =
7 ARERAERNT, BREORELITI FETH D,
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3—1. BFDEHE
Preparation of 13a.

To a solution of salicylaldehyde (1.0 mL, 9.4 mmol) in EtOH (10 mL) was
added diethylenetriamine (0.5 ml, 4.6 mmol). The yellow solution was
stirred at room temperature for 5.5 h and the solvent was evaporated in
vacuo to give a yellow crude oil (18a, 1.65 g).

IH-NMR (CDCly): 8.35 (s, 2H), 6.7-7.5 (m, 8H), 2.96 and 3.69 (each bt, J=6
Hz, 4H).

Preparation of 13b.

To a solution of 4-bromosalicylaldehyde (2.01 g, 10.0 mmol) in EtOH (20
ml) was added diethylenetriamine (0.54 mIL, 5.0 mmol), and the solution
was stirred at room temperature for 20 h. The solvent was evaporated in
vacuo to give a yellow crude oil (13b, 2.47 g).

IH-NMR (CDCly): 8.26 (bs, 2H), 7.2-7.5 (m, 4H), 6.81 (bd, J=9 Hz, 2H), 3.5-3.9

(m, 4H), 2.8-3.2 (m, 4H).
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Preparation of 19b.

To a solution of the crude 13b (233 mg, 0.50 mmol) in MeOH (5 mL) was
added methyl bromoacetate (40 1 L, 0.42 mmol) and Na2COs (30 mg, 0.28
mmol). The mixture was stirred at room temperature for 16 h and filtered
through short ODS column. The solvent was removed in vacuo to give a
crude oil 19b (300 mg).

IH-NMR (CDCla): 8.19 (bs, imine-H), 7.1-7.5 (m, Ar-H), 6.6-7.0 (m, Ar-H),
3.68 (s, -CO2CHa), 3.45 (s, -CH2-COz2"), 2.5-3.9 (m, N-CH2CH2"N).

Zinc complex of 19b.

To a solution of crude 19b (3.0 g, 5.5 mmol) in EtOH (20 mL) was added
zinc(II) chloride (650 mg, 4.7 mmol). The mixture was stirred at room
temperature for 6 h and the yellow precipitate was collected by filteration.
Zn-19b (yellow solid, 1.63 g); IR (ecm™, KBr): 2949, 1632, 1525, 1464, 1384,

1308, 1276, 1172, 830, 684.

Nickel complex of 19b.

To a solution of crude 19b (300 mg, 0.55 mmol) in EtOH (5 mL) was added
nickel(ID) aéetate tetrahydrate (138 mg, 0.55 mmol). The mixture was stirred
at room temperature for 21 h and the greenish yellow precipitate was
collected by filteration.

Ni-19b (greenish yellow solid, 58 mg); IR (cm'!, KBr): 3398, 2907, 1631, 1591,

1522, 1461, 1387, 1311, 1291, 1172, 825; 686.
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5-Bromosalicylaldehyde methoxymethy ether (20).

Sodium hydride (60 %, 444 mg) was washed twice with dry ether (2 mL) in
a three necked flask. To the flask dry DMF (20 mL) and a solution of
5-bromosalicylaldehyde (2.01 g, 10.0 mmol) in dry DMF (20 mL) were added
on an ice-water bath. After stirring for 10 min, chloromethylmethyl ether
(1.0 mL, 13.2 mmol) was added and the mixture was stirred at 0-5 °C for 20
min and then at room temperature for 40 min. The mixture was quenched
with dil HCI and extracted with ether (3 times). The ether layer was dried
over anhydrous Na2SO4 and evaporated in vacuo to give a crude oil (2.57 g).
Purification by short silica gel column chromatography (Merck, 70-230 mesh,
5% ethyl acetate/haxane as an eluent) gave 20 as a colorless oil (2.41 g, 98%).
1TH-NMR (CDCly): 10.51 (s, 1H), 7.99 (d, J=3 Hz, 1H), 7.68 (dd, J=3, 9 Hz, 1H),
7.19 (d, J=9 Hz, 1H), 5.33 (s, 2H), 3.55 (s, 3H).
IR (cm’l, film on KBr): 1689, 1591, 1476, 1388, 1265, 1233, 1199, 1181, 1157,

1119, 1082, 978.

Preparation of 21.

To a solution of 20 (2.41 g, 9.82 mmol) in EtOH (20 mL) was added
diethylenetriamine (0.53 mL, 4.9 mmol). The yellow solution was stirred at
room temperature for 18.5 h and the solvent was evaporated in vacuo to give
a yellow crude oil (21, 2.87 g).

IH-NMR (CDCly): 8.7, 8.1 (each bs, imine-H), 7.4 (bd, Ar-H), 7.0 (d, Ar-H),
5.21 (s, -0-CH2-0-), 3.48 (s, -O-CHa).
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Preparation of 9.

To a suspension of 21 (340 mg, 0.61 mmol) and NazCOs (33 mg, 0.31 mmol)
in dry THF (6 mL) was added methyl bromoacetate (60 u L, 0.63 mmol). The
mixture was stirred at room temperature for 4 days and filtered through
short ODS column. The filtrate was concentrated in vacuo to give a crude oil
(22, 351 mg).

The crude 22 (351 mg) was disolved in 10 mL MeOH and NaBH; (42 mg,
1.1 mmol) was added on an ice-water bath. The mixture was stirred for 45
min and the solvent was evaporated in vacuo. The residue was extracted
with ethyl acetate. The organic layer was washed with water, dried over
anhydrous NazSOy, and concentrated in vacuo to give a crude oil (302 mg).
Purification by MPLC (ODS-40B, MeOH as an eluent) gave 23 (189 mg).
IH-NMR (CDCly): 6.8-7.6 (m, Ar-H), 5.19 (s, -O-CH2-0-), 4.68 (s, -CH2CO2"),
3.47 (s, O-CHy), 3.43 (s, -CO2CHy).

A solution of 23 (189 mg) and 6M-HCl (0.5 mL) in 5 mL THF was heated at
50 C for 2.5 h and the solvent was removed in vacuo. The resudue was
disolved with 5 mL EtOH and 30% NaOH (1 mL) was added. The solution
was heated at 60 °C for 2.5 h, neutralized with 6M-HCl, and extracted with
THF. The organic layer was washed with brine, dried over anhydrous
Na2S04, and concentrated in vacuo to give a crude product. Purification by
silica gel column chromatography (Merck, 70-230 mesh, 15 g, 50%

MeOH/ethyl acetate as an eluent) gave a brown solid 9 (112 mg).
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Preparation of 17a.

To a solution of pranisaldehyde 15a (246 n L, 2.0 mmol) in EtOH (4 mL)
was added diethylenetriamine (108 4 L, 1.0 mmol). The pale yellow solution
was stirred at room temperature for 25 h and then NaBH4 (80 mg, 2.1 mmol)
was added. After stirring at room temperature for 2 days, dil HCl was added.
The resultant pale yellow precipitate was separated by centrifugation to give
17a - 3HCI as a colorless solid (356 mg, 79%).

IR (cm’!, KBr): 3434, 2980,2934, 2763, 2724, 2693, 2556, 2427, 1615, 1519,

1254, 1034, 819.

Preparation of 24.

To a suspension of 17a + 3HCI (234 mg, 0.52 mmol) and diisopropylethyl-
amine (600 1z L, 3.4 mmol) in 7 mL THF was added tert-butyl bromoacetate
(250 u L, 1.7 mmol). After stirring at 50°C for 6.5 h, IM-NaOH was added
and the mixture was extracted with ethyl acetate. The organic layer was
washed with brine, dried over anhydrous Na2SOy4, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (Merck,
70-230 mesh) using ethyl acetate as an eluent to give 24 as colorless oil (182
mg, 51%).
1H-NMR (CDCly): 7.23 (d, J=9 Hz, 4H), 6.84 (d, J=9 Hz, 4H), 3.78 (s, 6H),
3.78 (s, 4H), 3.32 (s, 2H), 3.22 (s, 4H), 2.76 (s, 8H) 1.46 (s, 18H), 1.43 (s, 9H).

Preparation of 10a.

Trifluoroacetic acid (1 mL) was added to 24 (182 mg, 0.27 mmol) on an
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ice-water bath and the mixture was stirring at room temperature for 2.5 h.
The solvent was removed by azeotropic distillation with hexane to give 10a.

1H-NMR (CD30D): 7.5 (d, J=9 Hz, 4H), 7.0 (d, J=9 Hz, 4H), 3.9 (s, 6H).

Preparation of 25.

To a solution of 5-bromosalicylaldehyde 12b (1.21 g, 6.0 mmol) in EtOH (10
ml) was added tris(2-aminoethyDamine (96%, 312 u L, 2.0 mmol). The
mixture was stirred at room temperature for 23 h and the solvent was
removed in vacuo. The crude product was treated with MeOH and filtered to
give a yellow solid (25, 1.28 g, 92%).

'H-NMR (CDCly): 7.94 (s, 3H), 7.41 (dd, J=3, 9 Hz, 3H), 6.84 (d, J=9 Hz, 3H),
6.59 (d, J=3 Hz, 3H), 8.4-3.7 (m, 6H), 2.7-3.0 (m, 6H).

Preparation of 27b.

Sodium hydride (60 %, 1.00 g) was washed twice with dry ether (5 mL and
3 mL) in a three necked flask. To the flask dry DMF (20 mL) and a solution of
2,4-dihydroxybenzaldehyde (1.39 g, 10.0 mmol) in dry DMF (25 mL) were
added on an ice-water bath. After stirring for 15 min, a solution of
8-methoxy-3,6-dioxaheptyl toluene-p-sulfonate (8.19 g, 10.0 mmol) in dry
DMF (25 mL) was added and the mixture was stirred at room temperature
for 18 h. The mixture was succesively quenched with EtOH and 6M-HCl and
concentrated in vacuo. The resudual oil was extracted with CHCls (3 times).
The organic layer was washed with brine, dried over anhydrous Na2SO4, and

evaporated in vacuo to give a brown oil (8.16 g). The crude product was
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through siliga gel column (Merck, 70-230 mesh, 30 g, CHCls as an eluent)
and then purified by MPLC (SI-40B, 26 X300 mm, 1%MeOH/CHCl3 as an
eluent) to give 27b as a colorless oil (1.37 g, 48%).

IH-NMR (CDClw): 11.54 (s, 1H), 9.79 (s, 1H), 7.50 (d, J=9 Hz, 1H), 6.59 (bd,
J=9 Hz, 1H), 6.51 (bs, 1H), 3.8-4.3 (m, 4H), 3.73 (s, 4H), 3.62 (5, 3H), 3.40 (s,
4H).

Preparation of 11b.

To a solution of 27b (135 mg, 0.47 mmol) in EtOH (2 mL) was added
tris(2-aminoethyl)amine (96%, 25 1 L, 0.16 mmol). The mixture was stirred
at room temperature for 24 h and the solvent was removed in vacuoto give a
yellow oil (11b, 152 mg).
1H-NMR (CDCls): 7.77 (s, 8H), 6.2-6.4 (m, 9H), 3.7-4.3 (m, 12H), 3.72 (s, 12H),
3.63 (bs, 12H), 3.38 (s, 9H), 2.6-3.0 (m, 12H).
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BIEEBE : 25Cx£27C

BIEE : FIR

FOV=220 mm, TR=10 s, TE=15 ms, Thickness=15 mm, ETL=7,
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Figure 3.1  Signal Intensity ws TI plots for
Carrageenan Gel with Various Gd3* concentrations.
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Figure 3.2 Signal Intensity vs TI plots for Gelatin
Gel with Various Gd3* concentrations.
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Figure 3.3 Relaxation Rates of Gd3* for Carrageenan and Gelatin Gel.

-30-





