
6.4 Experimental 

General. Melting points were determined on a Mel-Temp apparatus 

in open capillaries and are uncorrected. IR and UY -vis spectra were 

recorded on a JASCO A-100 infrared and on a JASCO Ubest Y-550 

spectrophotometers, respectively. I H NMR spectra were obtained on a 

JEOL GX-270 spectrometer in CDCI3 , CD30D, or DMSO-d6 solutions. 

Chemical shifts are reported in ppm (8) downfield from internal TMS. 

Thin layer chromatography (TLC) was performed on silica gel 60 F-254 

with a 0.2 mm layer thickness. Column chromatography was carried out 

with Merck Kieselgel 60 (230-400 mesh). Optical rotations were 

determined on a JASCO PIP-370 digital polarimeter. CD spectra were 

measured with a JASCO J-720 spectropolarimeter. HPLC was carried out 

on a JASCO 880-PU and a 875-UY equipped with a JASCO IT integrator by 

using a column packed with a Finepak SIL C 12S. Combustion analyses were 

performed on a YANACO MT-3 CHN corder. 

N a_ (tert-butoxycarbonyi)-L-glutamic acid y-methyl ester 

(46). To a solution of L-glutamic acid y-methyl ester (8.0 g, 50 mmol) and 

KHC03 (5 g, 50 mmol) in H20 (50 mL) was added BoQO ( 12 g, 55 mmol) 

in dioxane (50 mL) at 0 ·c. After stirring overnight, the solvent was 

evaporated, and then the mixture was acidified with 10% citric acid to pH 2. 

AcOEt (200 mL) was added, and the organic layer was successively washed 

with H20 (2x 100 mL) and brine , and dried over anhydrous Na2S04 . 

Evaporation of the solvent gave the crude product, which was purified by 

163 



recrystallization from Et20-petroleum ether mixture to give the product as 

colorless crystal (46); 10.6 g (82%). 

N- Benzyloxy-N a-(tert-butoxycarbonyi)-L-glutamamide y

methyl ester (47). To a solution of 46 (6 .78 g, 26 mmol) , and Et3N 

(2.91 g, 29 mmol) in THF (50 mL) was added isobutyl chloroformate (3.56 

g, 26 mmol) in THF (20 mL) at -17 °C. After 15 min , benzyloxyamine 

(2.96 g, 27 mmol) in THF (20 mL) was added to the mixture at -15 °C, and 

then the reaction mixture was stirred overnight at room temperature. The 

precipitated Et3 N·HCI was filtered off and the filtrate was then 

concentrated. The residue was dissolved in AcOEt (300 mL) , and the 

organic layer was successively washed with 10% citric acid, 4% NaHC03, 

and brine, and dried over anhydrous Na2S04. Evaporation of the solvent 

gave the product (3) as colorless crystals; 8.29 g (87 %): mp 88-90 °C; JR 

(KBr) 1720, 1650, 740,700 cm-1 ; IH NMR (CDCl3) 8 1.41 (s, 9H), 2.05-

2.39 (m, 4H) , 3.65 (s, 3H), 4.07 (br s, I H) , 4 .89 (s, 2H) , 5.18 (br s, I H) , 

7.37 (m, 5H), 9.51 (br s, lH). Anal. Calcd for Ct8H26N206: C, 59.00; H, 

7.15; N, 7.65. Found: C, 59.24; H, 6.82; N, 7.29. 

N-Benzyloxy-L-glutamamide y-methyl ester hydrochloride 

(48). Compound 47 (7.8g, 21.3 mmol) was dissolved in 4M HCI in 

dioxane (I 00 mL) at 0 °C. Disappearance of 47 was monitored by TLC. 

The reaction mixture was concentrated to remove HCl and dioxane. Dry 

benzene was added to the residue and evaporated. Addition and evaporation 

of benzene were repeated three times to give the product (ca. 100%). 

1-B enzy loxy -3-m e th ox year bony leth y 1-5 ,6-d i m ethy 1-2 ( lH)

pyrazinone (49). To a solution of 48 (6 .83 g, 22.6 mmol) in a Me0H

H20 (2: l) mixture (60 mL) was added biacetyl (1.94 g, 22.5 mmol) upon 
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cooling with a dry ice-acetone bath ( -30 °C). The pH of the reaction 

mixture was adjusted to 8 with 4 M NaOH solution and then stirred for 2 h 

at room temperature. After evaporation of the solvent, the residue was 

dissolved in CHCI3 (500 mL). The organic layer was successively washed 

with I 0% citric acid, 4% NaHC03 , and brine, and dried over anhydrous 

Na2S04. The residue was purified by column chromatography on silica gel 

(eluent: CHCI3-acetone-EtOH=l 00:5: I) to give the product (49) as pale 

yellow crystals, 3.lg (43 %): mp ll8-12l °C; JR (CHCI3) 1730,1650 cm- 1; 

I H NMR (COCI3) 8 2.21 (s, 3H), 2.25 (s, 3H), 2.80 (t, J 7 Hz, 2H) , 3.20 (t, 

J7 Hz, 2H), 3.71 (s, 3H), 5.26 (s, 2H), 7.43-7.49 (m, 5H). Anal. Calcd for 

C17H20N204: C, 64.54; H, 6.37 ; N, 8.85 . Found: C, 64.41 ; H, 6.26; N, 

8.58. 

1-Benzy loxy -3 -car boxyethy 1-5,6-dime thy 1- 2( IH)-p y ra zi none 

(50). To a solution of 49 (350 mg , 1.1 mmol) in MeOH (I 0 mL) was 

added I M NaOH (1.5 mL, 1.5 mmol) at 0 °C. After stirring for 6.5 h at 

room temperature, the solvent was evaporated to remove the bulk of MeOH . 

The pH of the residual aqueous solution was adjusted to 2 with 5M HCI at 0 

°C, then the aqueous reaction mixture was extracted with CHCI3 (3x I 00 

mL). The combined organic layers were successively washed with I 0% 

citric acid and brine, and dried over anhydrous MgS04. Evaporation of 

the solvent gave the product as pale yellow crystals , 297 mg (89%) : I H 

NMR (COCI3) 8 2.15 (s, 3H), 2.18 (s, 3H), 2.68 (t, J 7Hz, 2H), 3.24 (t, J 7 

Hz, 2H), 5.20 (s, 2H) , 7.40 (m, 5H), 9.79 (br s, I H). Anal. Calcd for 

C !6H J8N204: C, 63.56; H, 6.00; N, 9.27. Found: C, 63.84; H, 5.89; N, 

9.02 . 
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General procedure for the coupling of SO and N w- B o c-

substituted diamine. A typical dxample: N -(tert-

B u toxyca rbonyi)-N '-3- ( 1- benzyloxy-S,6-d imethy 1-2-oxo-1 ,2-

dihydropyraz-3-yl)propanoyldiaminoethane (Sla). WSC-HCI (479 

mg, 2.5 mmol) in CH2CI2 (8 mL) was added to a mixture of SO (756 mg, 

2.5 mmol), N-Boc-ethylenediamine (400 mg, 2.5 mmol) , and HOBt (308 

mg, 2.5 mmol) in DMF (4 mL) at -10 ac. The mixture was stirred 

overnight at room temperature. After removal of DMF under reduced 

pressure, the residue was dissolved in CHC!3 (200 mL). The organic layer 

was successively washed with water, 5% NaHC03 , I 0% citric acid, and 

brine , and dried over anhydrous MgS04 . Evaporation of the solvent, 

followed by recrystallization of the residual solid from a AcOEt-hexane 

mixture gave the product, 760 mg (85%): mp 149-151 °C; lH NMR 

(CDCI3) 8 1.43 (s, 9H), 2.20 (s, 3H), 2.24 (s, 3H), 2.66 (t, J 7 Hz, 2H) , 3.17 

(t, J 7 Hz, 2H), 3.28 (m, 2H), 3.36 (m, 2H), 5.00 (br s, I H), 5.25 (s, 2H), 

6.57 (br s, IH), 7.39-7.50 (m, 5H). Anal. Calcd for C23H32N405: C, 

62.14; H, 7.26; N, 12.60. Found: C, 61.91; H, 7.05; N, 12.57. 

N -(tert- 8 u toxycarbony I) -N '-3-( 1-benzyloxy -S,6-dimethy 1-2-

oxo-1,2-dihydropyraz-3-yl)propanoyldiaminobutane (S 1 b). 76%: 

mp 118-119 °C; l H NMR (CDCl3) 8 1.44 (s, 9H), 1.49 (m, 4H), 2.20 (s, 

3H), 2.24 (s, 3H), 2.65 (t, J 7 Hz, 2H), 3.16 (m, 4H) , 3.26 (q, J 6 Hz, 2H), 

4.60 (br s, I H), 5.25 (s, 2H), 6.32 (br s, I H), 7.41-7.49 (m, 5H). Anal. 

Calcd for C25H36N405·0.lH20: C, 63.30; H, 7.69; N, 11.81. Found: C, 

63.!6; H, 7.45; N, 11.71. 

N -(tert- B u toxyca rbony I) -N '-3- ( 1- benzy loxy -S,6-di methyl-2-

oxo-1 ,2-dihyd ropyraz-3-yl)propanoyldiaminopentane (Slc). The 
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residual oi l was purified by silica gel column chromatography with CHCI3-

acetone-Et0H=I00:10:2) to give the product, 25%: mp 60-65 ac; IH NMR 

(CDCI3) 8 1.43 (s, 9H), 1.49 (m, 9H), 2.20 (s, 3H), 2.24 (s, 3H), 2.64 (t, 17 

Hz, 2H) , 3.12-3.22 (m, 6H), 4 .70 (br s, I H), 5.24 (s, 2H), 6.50 (br s, I H), 

7.40-7.46 (m, 5H). Anal. Calcd for C26H38N40S: C, 64.18 ; H, 7.87 ; N, 

11.51. Found: C, 64.00; H, 8.03 ; N, 11 .77 . 

N -(tert- B u toxycarbonyl) -N '-3 -( 1-benzyloxy -5,6-d i methyl-2-

oxo-1,2-dihydropyraz-3-yl)propanoyldiaminohexane (51d). The 

residual oi l was purified by silica gel column chromatography (eluent: 

CHCI3-acetone-EtOH=I 00: I 0:2) to give the product, 75%: mp 97-100 °C; 

I H NMR (CDCI3) 8 1.32 (m, 4H) , 1.44 (s, 13H), 2.20 (s, 3H), 2.24 (s, 3H), 

2.65 (t, 1 7 Hz. 2H) , 3.09 (q, 1 7 Hz, 3H), 3.16 (t, 1 7 Hz, 2H), 3.23 (q, 1 7 

Hz, 2H), 4.50 (br s, I H) , 5.24 (s, 2H), 6.25 (br s, I H) , 7.41-7.47 (m, 5H). 

Anal. Calcd for C27H40N405·0.1 H20: C, 64.54; H, 8.06; N, 11.15. Found: 

C, 64.14; H, 8.03 ; N, 11.04. 

N -3- ( 1-Benzyloxy-5,6-dimethyl-2-oxo-1 ,2-dihydropyraz-3-

yl)propanoyldiaminoethane hydrochloride (52a). To a solution of 

Sla (226 mg, 0.48 mmol) in CH2C12 (4 mL) was added CF3C02H (TFA) 

(4 mL) dropwise at 0 °C. The reaction mixture was stirred for 30 min at 0 

°C, and then the solvent was evaporated. Dry benzene was added to the 

residue and evaporated. Addition and evaporation of benzene were repeated 

three times to give the product (52a) (ca. 100%), which was directly used 

for the next reaction. 

General procedure for the deprotection of the Boc group of 

compounds (Sib-d). A typical example: N-3-(1-benzyloxy-5,6-

dimethyl-2-oxo-1,2-dihydropyraz-3-yl) propanoyldiaminobutane 
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hydrochloride (52b). To a solution of compound Slb (308 mg, 0.65 

mmol) in dry dioxane (6 mL) was added dropwise 4M HCI in dioxane (3 

mL) at 0 °C. The reaction mixture was stirred for 20 min at 0 °C, and then 

the solvent was evaporated. Dry benzene was added to the residue and 

evaporated. Addition and evaporation of benzene were repeated three times 

to give the product (52b) (ca. 100%), which was directly used for the next 

reaction. 

General procedure for the tripodal compounds (53a-d) . A 

typical example: 1,1,1-Tris[2-[2-[3-[1-(benzyloxy-5,6-dimethyl-

2-oxo-1 ,2-d i hy d ropyraz-3-y I] pro pan ami do ]e thy Ia m i noca r bony I] 

ethyloxymethyl]ethane (53a). A solution of 52a (490 mg, 1.1 mmol) , 

36 (200 mg, 0.32 mmol) and NEt3 ( 121 mg, 1.2 mmol) in DMF (8 mL) 

was stirred for 48 h at 38 °C. After removal of the solvent, CHCI3 (200 

mL) was added to the residue. The organic layer was successively washed 

with H20, 5% NaHC03, 10% citric acid, and brine, and dried over 

anhydrous MgS04. Purification by column chromatography on silica gel 

(e luent: CHCI3-MeOH=6: I) , followed by gel chromatography on 

TOYOPEARL HW-40 (eluent: MeOH) , gave the product as an amorphous 

solid (53a), 217 mg (51%); LH NMR (CDCI3) 8 0.86 (s, 3H), 2 .1 8 (s, 9H), 

2.22 (s, 9H), 2.42 (t, J 7 Hz, 6H), 2.64 (t, J 7Hz, 6H), 3. 13 (t, J 7 Hz, 6H), 

3.24 (m, 6H), 3.37 (s, 12H), 3.64 (t, J 7 Hz, 6H), 5.22 (s, 6H), 7.08 (br s, 

3H), 7.40-7.55 (m, l8H). Anal. Calcd for C68H90Nt20I5·2H20: C, 60.43; 

H, 7.04; N, 12.44. Found: C, 60.32; H, 7.34; N, 12.88. 

1,1 , 1-Tris [2- [2- [3- [ 1- (benzy loxy )- 5,6-dimethyl-2-oxo-1 ,2-

di h yd ropyraz-3-y I] propanamido] bu ty I ami nocarbony I] ethy loxy

methyl]ethane (53b). 82%: mp 104- 109 °C (decomp.); I H NMR 
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(CDCI3) 8 0.87 (s, 3H), 1.53 (m, 12H), 2.19 (s, 9H), 2.23 (s, 9H), 2.42 (t, J 

7 Hz, 6H), 2.65 (t, J7 Hz, 6H), 3.14 (t, J7 Hz, 6H), 3.25 (m, 18H), 3.64 (t, J 

7 Hz, 6H), 5.22 (s, 6H) , 6.66 (br s, 3H), 6.90 (br s, 3H), 7.39-7.47 (m, 

ISH). Anal. Calcd for C76HI02NJ2015-4H20: C, 61.03; H, 7.41 ; N, 

11.24. Found: C, 60.85; H, 7.29; N, 11.49. 

1 ,1,1-Tris[2-[2- [3-[1-(benzyloxy)-5,6-dimethyl-2-oxo-1,2-

dihydropyraz-3-yl]propanamido]pentylaminocarbonyl]ethyloxy

methyl]ethane (53c). An amorphous solid , 57%: I H NMR (CDCI3) 8 

0.88 (s, 3H), 1.32 (m, 6H), 1.50 (m, 12H), 2.20 (s, 6H), 2.34 (s, 6H) , 2.41 

(t, J 7 Hz, 6H), 2.65 (L, J 7 Hz, 6H) , 3.12-3.24 (m , 18H), 3.65 (t, J 7 Hz, 

6H), 5.24 (s, 6H), 6.62 (t, J 6Hz, 3H), 6.85 (t, J 6Hz, 3H), 7.41-7.53 (m , 

ISH). Anal. Calcd for C79HI08NI20IS·7H20: C, 59.61 ; H, 7.72; N, 

10.56. Found: C, 59.69; H, 7.80; N, 10.75. 

1, I, 1-Tris[2-[2-[3- [l-(benzyloxy)-5,6-dimethyl-2-oxo-1,2-

dihydropyraz-3-yl]propan-amido]hexylaminocarbonyl]ethyloxy

methyl]ethane (53d). 54%: mp 115-112 °C (decomp.) ; IH NMR 

(CDCI3) 8 0.88 (s, 3H), 1.32 (m, 12H), 1.49 ( 12H, m) , 2.20 (s, 9H) , 2.23 (s, 

9H), 2.40 (t, J 7 Hz, 6H), 2.64 (t, J 7 Hz, 6H) , 3.12-3.23 (m, 24H), 3.64 (t, J 

7 Hz, 6H), 5.23 (s, 6H) , 6.59 (br s, 3H), 6.79 (br s, 3H), 7.39-7.49 (m, 

ISH). Anal. Calcd for CS2H114N120IS·3H20: C, 63.06; H, 7.74; N, 

10.76. Found: C, 62.92; H, 7.94; N, 10.78. 

General procedure for the preparation of target compounds 

(26). A typical example: 1,1,1-Tris[2-[2-[3-[1-hydroxy-5,6-

dimethyl -2-oxo-l ,2-dihydropyraz-3-yl] propanamido ]ethylam ino 

carbonyl]ethyloxy-methyl]ethane (26a). A suspension of 10% Pd-C 

(19 mg) in MeOH (10 mL) was prehydrogenated with H2 for 0.5 h. To 
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the suspension was added a solution of compound 53 a (I 06 mg, 0.08 mmol) 

in MeOH (20 mL). After hydrogenation with H2 under atmospheri c 

pressure for 30 min at room temperature, the catalyst was removed by 

filtration. The filtrate was concentrated to give the residue, which was 

purified by gel chromatography on Shephadex LH-20 (eluent: MeOH) to 

afford the product (26a), 82 mg (I 00%): I H NMR (CD30D) 8 0.86 (s , 3H), 

2.32 (s, 9H), 2.39 (m, ISH) , 2.60 (t, J 7 Hz, 6H), 3.04 (t, J 7 Hz, 6H) , 3.20-

3.40 (m , ISH) , 3 .62 (t, J 7 Hz, 6H). Anal. Calcd for 

C46H72N J20ts·7H20: C, 48.18; H, 7.40; N, 14.35. Found: C, 48.49; H, 

6.94; N, 14.00. 

1, 1,1-Tris[2-[2- [3- [ 1-hydroxy-5,6-dimethyl-2-oxo-1,2-

dihydropyraz-3-yl]propanamido]butylaminocarbonyl]ethyloxy

methyl]ethane (26b). 100%: I H NMR (CD30D) 8 0.8S (s, 3H), !.SO (m, 

12H) , 2.31 (s, 9H), 2.38 (m , ISH) , 2.S8 (t, J 7 Hz, 6H) , 3.03 (t, J 7 Hz, 6H), 

3.17 (m, 12H), 3.24 (s , 6H) , 3.61 (t, J 7 Hz, 6H) . Anal. Calcd for 

Cs3H34N 120 LS·2H20: C, S4.63; H, 7 .61; N, 14.42. Found: C, S4.33; H, 

7.SO; N, 14.23. 

1 ,1, 1-Tris[2- [2-[3- [1-hydroxy-5,6-dimethyl-2-oxo-1,2-

dihydropyraz-3-yl]propanamido]pentylaminocarbonyl]ethyloxy

methyl]ethane (26c). 70%: I H NMR (CD30D) 8 0.86 (s, 3H), 1.47 (m, 

ISH), 2.30 (s, 9H), 2.37 (m, ISH), 2.S7 (t, J 7 Hz, 6H), 3.02 (t, J 7 Hz, 6H), 

3.16 (m, 12H), 3.24 (s, 6H) , 3.62 (t, J 7 Hz, 6H). Anal. Calcd for 

Cs6H90Nt 20tS·l.S H20: C, 60.80; H, 8.0S; N, 10.91. Found: C, 60.99; H, 

7.7S ; N, IO.S6. 

1 ,1,1-Tris[2-[2- [3-[J -hyd roxy-5,6-dimethyl-2-oxo-1 ,2-

dihydropyraz-3-yl]propanamido]hexylaminocarbonyl]ethyloxy-
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methyl]ethane (26d). 98%: mp 135-143 °C (decomp); I H NMR (DMSO

d6) 8 0.77 (s, 3H), 1.23-1.37 (m, 24H), 2.23 (s, 9H), 2.28 (m, ISH) , 2.42 (t, 

J 7 Hz, 6H), 2.87 (t, J 8 Hz, 6H), 3.02 (m, 12H), 3.14 (s, 6H), 3.52 (t, J 7 

Hz, 6H), 7.79 (br s, 6H). Anal. Calcd for Cs9H96N!20!5·3H20: C, 55.91; 

H, 8.11; N, 13.26. Found: C, 56.19; H, 8.23; N, 12.9 1. 

N -3-(1-Benzyloxy-5,6-dimethyl-2-oxo-1,2-dihyd ropyraz-3-

yl)propanoyi-L-alanine Methyl Ester (54a). WSC.HCI ( 1.86 g, 9.7 

mmol) in CH2C12 (40 mL) was added to a mixture of 50 (2.35 g, 7.8 

mmol), H-L-Ala-OMe·HCI ( 1.46 g, I 0.4 mmol), N-methylmorpholine ( 1.08 

g, I 0.7 mmol), and HOBt ( 1.90 g, 12.4 mmol) in DMF (20 mL) at - I 0 °C. 

The mixture was stirred overnight at room temperature . After removal of 

DMF under reduced pressure, the residue was dissolved in AcOEt (300 

mL). The organic layer was successively washed with water, 4% 

NaHC03, I 0% citric acid, and brine, and dried over anhydrous MgS04. 

Evaporation of the solvent, followed by purification by column 

chromatography on silica gel (eluent: CHCI3-acetone-EtOH= I 00: I 0: I) gave 

the product, 2.2 g (71 %): mp 11 6 - 120 oc; I H NMR (CDCI3) 8 1.38 (d, J 7 

Hz, 3H), 2.16 (s, 3H), 2.23 (s, 3H), 2.69 (m, 2H), 3.16 (m, 2H), 3.69 (s, 3H, 

OMe) , 4.57 (m, I H), 5.20 (s, 3H), 7.30-7.44 (m, 5H). Anal. Calcd for 

C20H25N30S: C, 62.00; H, 6.50; N, 10.85. Found: C, 61.69; H , 6.50; N, 

10.85. 

N -3- ( 1- Benzyloxy-5,6-d imethy 1-2-oxo-1 ,2-d ihyd ropyraz-3-

yl)propanoyi-L-Ieucine Methyl Ester (54b). The coupling of 

compound 50 (320 mg, 1.1 mmol) and H-L-Leu-OMe·HCI (278 mg, 1.5 

mmol) was carried out by a similar procedure for the preparation 54a to 

give the product (54b), 350 mg (60%): mp 85-97 °C; I H NMR (CDC I3 ) 8 
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0.93 (d. J 6.1 Hz, 6H), 1.54-1.62 (m, 3H), 2.20 (s, 3H), 2.25 (s, 3H), 2.71 (t, 

J 6.6 Hz, 2H), 3.19 (t, J 6.6 Hz, 2H), 3.70 (s, 3H), 4.64 (m, I H) , 5.24 (s, 

2H), 6.71 (d, J 8.0 Hz, I H), 7.40-7.48 (m, 5H). Anal. Calcd for 

C23H3JN305·0.5H20: C, 62.99; H, 7.36; N, 9.58. Found: C, 62.86; H, 

7.10; N, 9.68. 

N -3- ( 1-Benzyloxy-5,6-d i methyl- 2-oxo-1 ,2-d ihyd ropy raz-3-

yl)propanoyi-L-alanine (55a). To a solution of compound 54a (2.2 

g, 5.6 mmol) in MeOH (100 mL) was added 1M NaOH ( II mL, II mmo1) at 

0 oc. After 3 h, the mixture was neutralized and then concentrated. The 

residual aqueous solution was acidified with 5M HCI at 0 °C, then extracted 

with CHCI3 (200 mL). The organic layer was successively washed with 

10% citric acid, and brine, and dried over anhydrous MgS04. Evaporation 

of the solvent, followed by recrystallization from benzene-hexane, gave the 

product (55a) as pale yellow crystals, 1.90 g (92%): mp 158-162 °C; I H 

NMR (CDCI3) 8 1.43 (d, J 7 Hz, 3H), 2.20 (s, 3H), 2.24 (s, 3H), 2.70 (t, J 7 

Hz, 2H), 3.18 (t, J 7 Hz, 2H), 4.57 (m, I H), 5.23 (s, 2H), 7.38-7.48 (m, 5H), 

7.95 (d, J 6Hz, IH, NH). Anal. Calcd for Ct9H23N305·0.3H20: C, 60.25; 

H, 6.24; N, I 1.1 0. Found: C, 60.18; H, 6.52; N, I 0.99. 

N -3-( 1- Benzyloxy -5,6-di methyl-2-oxo-1 ,2-di hyd ropy raz-3-

yl)propanoyl-L-leucine (55b). The hydrolysis of 54b (350 mg, 0.81 

mmol) with I M NaOH was carried out by a similar procedure for the 

preparation of 55a to give the product (55b) as yellow crystals, 330 mg 

(90%): mp 147-149 °C; I H NMR (CDCI3) 8 0.92 (d, J 5.0 Hz, 6H), 1.55-

1.68 (m, 3H), 2.20 (s, 3H), 2.24 (s, 3H), 2.72 (t, J 6.8 Hz, 2H), 3.19 (t, J 6.8 

Hz, 2H), 4.60 (m, I H), 5.23 (s, 2H), 6.97 (d, J 8.0 Hz, I H), 7.38-7.49 (m, 
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5H). Anal. Calcd for C22H29N305·I.OH20: C, 60.96; H, 7.21; N, 9.69. 

Found: C,61.09; H, 7.23; N, 9.38. 

N -3- ( 1-Benzy loxy-5,6-dimethyl-2-oxo-1 ,2-dihyd ropy raz-3-

yl)propanoyi-L-alanyi-P-alanine methyl ester (56a). Compound 

55a ( 1.45 g, 3.89 mmol) was coupled with H-P-Aia-OMe· HCI (706 mg, 

5.06 mmol) in the presence of HOBt ( 1.17 g, 7.65 mmol), N

methylmorpholine (529 mg, 5.23 mmol) , WSC.HCL (904 mg, 4.71 mmol) 

by the same procedure for the preparation of 54a. The crude product was 

purified by column chromatography on silica gel (eluent: CHC13-acetone

Et0H= 100:40:8) to give the pure product (56a), 1.44 g (81 %): mp 134-137 

°C; [a]o22 -17.3° (c 0.38, MeOH) ; I H NMR (CDCI3) 8 1.35 (d, J 7Hz, 3H), 

2.19 (s, 3H), 2.24 (s, 3H), 2.52 (t, J 6 Hz, 2H), 2.67 (t, 1 6 Hz, 2H), 3.17 (m, 

2H), 3.49 (t, 1 6 Hz, 2H), 3.67 (s, 3H), 4.47 (m, I H), 5.23 (s, 2H), 7.0 I (d, J 

7Hz, LH, NH), 7.09 (br s, IH, NH), 7.30-7.49 (m, 5H). Anal. Calcd for 

C23H3QN406·0.5H20: C, 59.08; H, 6.68; N, 11.98. Found: C, 58.97; H, 

6.54; N, 12.14. 

N -3-( 1-Benzyloxy -5,6-dimethy 1-2-oxo-1 ,2-d ihyd ropy raz-3-

yl)propanoyi-L-Ieucyi-P-alanine methyl ester (56b). The 

coupling of 55b (330 mg, 0.79 mmol) with H-P- Ala-OMe·HCI ( 127 mg , 

0.91 mmol) was carried out by a similar procedure to the preparation of 

56a to give the product (56b), 360 mg (91%): mp 142-148 °C; IH NMR 

(CDCl3) 8 0.90 (d, J 4.3 Hz, 3H), 0.92 (d, J 4.3 Hz, 3H), 1.51-1.70 (m, 3H), 

2.20 (s, 3H), 2.25 (s, 3H), 2.51 (t, J 6.3 Hz, 2H), 2.68 (t, J 7.3 Hz, 2H) , 3.17 

(t, J 7.3 Hz, 2H), 3.48 (m, 2H), 3.68 (s, 3H), 4.40 (m, I H), 5.24 (s, 2H), 

6.70 (d, J 9.0 Hz, l H), 6.82 (br s, I H), 7.39-7 .50 (m, 5H). Anal. Calcd for 
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C26H36N406·l.OH20: C, 60.21; H, 7.39; N, 10.80. Found: C, 60.22; H, 

7.19; N, 10.79. 

N -3-( 1- Benzy1oxy -5,6-d imethy 1-2-oxo-1 ,2-dihydropyraz-3-

yl)propanoyi-L-alanyl-~-alanine (57a). Compound 56a (350 mg, 

0.76 mmol) was hydrolyzed by a similar procedure to the preparation of 

55a to give the product (57a), 311 mg (92%); mp 172-173 °C; [a]o22 

- 17 .2° (c 0.52, MeOH); IR (KBr) 3550-2930, 1732, 1658 cm-1; I H NMR 

(CD30D) 8 1.34 (m, 3H), 2.27 (s, 6H), 2.52 (m, 2H), 2.71 (m, 2H), 3.12 

(m,2H), 3.44 (m, 2H), 4.35 (m, IH), 5.26 (s, 2H), 7.43-7.52 (m, 5H). Anal. 

Calcd for C22H28N406·0.5H20: C, 58.28; H, 6.40; N, 12.36. Found: C, 

58.30; H, 6.32; N, 12.25 . 

N -3-( 1-Benzyloxy-5,6-dimethy 1-2-oxo-1 ,2-di hyd ropy raz-3-

yl)propanoyi-L-Ieucyl- ~-alanine (57b). Compound 56b (230 mg, 

0.46 mmol) was hydrolyzed with IM NaOH (1mL, I mmol) by a similar 

procedure to the preparation of 57a to give the product (57b), 180 mg 

(80%): mp 144-149 °C; I H NMR (CDCI3) 8 0.86 (d, J 6.4 Hz, 3H), 0.88 (d, 

J 6.4 Hz, 3H), 1.55 (m, 3H), 2.20 (s, 3H), 2.25 (s, 3H), 2.52 (m, 2H), 2.70 

(m, 2H), 3.16 (m, 2H), 3.49 (m, 2H), 4.70 (m, I H), 5.23 (s, 2H), 7 . I I (d, J 

8.8 Hz, I H), 7.35-7.48 (m, 5H) , 7.66 (m, I H) . Anal. Calcd for 

C25H34N406·0.5H20: C, 60.59; H, 7.19; N, 11.31. Found: C, 60.25; H, 

7.02; N, 11 .20. 

N -3- ( 1- Benzy loxy-5,6-d i me thy 1-2-oxo-1 ,2-d i hyd ropyraz-3-

yl)propanoyi-L-alanyl-~-alanine 0-succinimide ester (58a). 

WSC-HCI (374 mg, 1.95 mmol) in CH2CI2 (9 mL) was added to a mixture 

of compound 57a (352 mg, 0.94 mmol) and HOSu (219 mg, 1.9 mmol) in 

DMF (4.5 mL) at -10 °C. After stirring for 24 hat room temperature, the 
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solvent was removed under reduced pressure, and the residue was dissolved 

in CHCl3 (300 mL). The organic layer was successively washed with H20, 

4% NaHC03, and brine, and dried over anhydrous MgS04. Evaporation of 

the solvent gave the 0-succinimide ester (58a) as colorless crystals, which 

was used for the next reaction without further purification , 805 mg (I 00% ); 

IR (CHCI3) 1816, 1792, 1740 cm·l 

N -3-( 1-Benzyloxy-5,6-dimethyl-2-oxo-1 ,2-dihyd ropyraz-3-

yl)propanoyi -L-Ieucyl-~-alanine 0-succinimide ester (58b). 

Compound 57b ( 180 mg, 0.37 mmol) was coupled with HOSu (54 mg, 0.47 

mmol) by a similar procedure to the preparation of 58a to give the 

corresponding 0-succinimide ester (58b) as yellow crystals, which was used 

directly for the next reaction, 230 mg (ca. I 00%): lR (CHCl3) 1810, 1740, 

1710 cm·l. 

T ris- (2- (3-(2- (3-( 1-Benzy loxy -5 ,6-d i methyl- 2-oxo-1 ,2-

di hydro py raz-3-y I) pro pa na mid o)-2(R)- m eth y letha na mid o) · 

propanamido)ethyl)amine (59a). A solution of compound 58a (5 I I 

mg, 0.94 mmol) and tris(2-aminoethyl)amine (40 mg, 0.27 mmol) in DMF 

( 12 mL) was stirred for 48 h at 38 °C. After removal of the solvent, 

CHCl3 (400 mL) and O.lM NaOH (100 mL) was added to the residue . The 

organic layer was successively washed with H20, and brine, and dried over 

anhydrous Na2S04. Purification by column chromatography on silica gel 

(eluent: CHCl3-MeOH=6: I), foil wed by gel chromatography on 

TOYOPEARL HW-40 (eluent: MeOH), gave the product (59a), 283 mg 

(74%): mp 158-160 oc (decomp.); [a]o22 -15.6° (c 0.36, MeOH); IR (KBr) 

1648 cm·l; I H NMR (CD30D) 8 1.32 (d, J 7Hz, 9H), 2.24 (s, 18H), 2.42 (t, 

J 6 Hz, 6H), 2.60 (m, 6H), 2.67 (t, J 7 Hz, 6H), 3.08 (m, 6H), 3.25 (m, 6H) , 
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3.43 (t, 6H), 4.28 (q, J 7Hz, 3H), S.23 (s, 6H), 7.40-7.S1 (m, ISH). Anal. 

Calcd for C72H96NJ60JS·3H20: C, S8.44; H, 6.9S; N, IS.IS. Found: C, 

S8.S9; H, 7. 18; N, IS.SO. 

Tris-(2-(3-(2- (3-( 1-Benzyloxy-5,6-dimethyl-2-oxo-1 ,2-

dihyd ropyraz-3-yl) prop a namido )-2(R)-sec- b u tylethanam ido )

propanamido)ethyl)amine (59b). The coupling of compound 58 b 

( 1.26 g, 2.16 mmol) with tris(2-aminoethyl)amine (I 04 mg, 0.71 mmol) in 

DMF (2S mL) was carried out for 96 h at 38 °C. The crude product was 

purified by column and gel chromatographies as described for the 

preparation of 59a to give the product (59b) , 940 mg (8S%): mp 16S-172 

oc (decomp.); [ a]o20 -4.15° (c 0.58 , MeOH); I H NMR (DMSO-d6) o 0.80 

(d, J 6 Hz, 9H) , 0.86 (d, J 6 Hz, 9H), 1.41 (m, 6H), 1.55 (m, 3H), 2.18 (s, 

9H), 2.24 (s, 9H) , 2.24 (m, 6H), 2.SO (m, 6H), 2.90 (m, 6H) , 3.07 (m, 6H), 

3.30 (m, 12 H), 4.22 (m, 3H), 5.20 (s , 6H), 7.42-7.S2 (m , ISH) , 7.77 (br s, 

3H), 7.90 (br s, 3H) , 7.9S (d , J 8 Hz, 3H). Anal. Calcd for 

C81H1I4NI60IS ·3 H20: C, 60.S8; H, 7.S3; N, 13.95. Found: C, 60.44; H, 

7.40; N, 13.99. 

Tris- (2- (3-(2-(3-( 1- Hydroxy- 5,6-d im ethy 1-2-oxo-1 ,2-

dihydropyraz-3-yl)propanamido)-2(R)-methylethanamido)

propanamido)ethyl)amine (27a). A suspension of I 0% Pd-C (86 mg) 

in MeOH ( 10 mL) was prehydrogenated with H2 for O.S h. To the 

suspension was added a solution of compound 59a ( 157 mg, 0.11 mmo1) in 

MeOH (40 mL). After hydrogenation with H2 under atmospheric pressure 

for 1 h under reflux , the catalyst was removed by filtration. The filtrate 

was concentrated to give the residue. Purification of the residue by gel 

chromatography on Shephadex LH-20 (eluent: MeOH) afforded the product 
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(27a), 104 mg (84%): [a]o25 -16.SO (c 0.11, MeOH); IH NMR (CD30D) 8 

1.33 (d, J 7.1 Hz, 9H) , 2.31 (s, 9H),2.38 (s, 9H) , 2.40 (m, 6H), 2.64 (t, J 8.9 

Hz, 6H), 3.01-3.05 (m, 12H), 3.43 (m, 12H), 4.27 (q, J 7 .I Hz, 3H). Anal. 

Calcd for C5JH78Nt60J5·8.5H20: C, 46.82; H, 7.32; N, 17.13. Found: C, 

46.98; H, 6.99; N, 16.79. 

Tris-(2-(3-(2-(3-(1-Hydroxy-5,6-dimethyl-2-oxo-1 ,2-dihyd ro

pyraz-3-yl)propanamido )-2(R)-sec- butylethanamido) 

propanamido)ethyl)amine (27b). Compound 59b (I 00 mg , 0.064 

mmol) was hydrogenated with I 0% Pd-C (45 mg) in MeOH (50 mL) in the 

presence of coned. HCI ( 17 ll L) for 25 min at room temperature. 

Purification by gel chromatography on Shephadex LH-20 (eluent: MeOH) 

gave the product (27b), 56 mg (68%): mp 170-190 °C (decamp.); la]o22 

-7.79° (c 1.0, MeOH); I H NMR (0MSO-d6) 8 0.80 (d , J 7Hz. 9H), 0.86 (d, 

J 7 Hz, 9H) , 1.41 (t, J 7 Hz, 6H), 1.54 (m, 3H), 2.22 (s, 9H) , 2.27 (s, 9H). 

2.27 (m, 6H), 2.52 (m, 6H) , 2.75 (m, 6H), 2.89 (m, 6H), 3.15 (m, 6H) , 3.27 

(m, 6H), 4.21 (q, J 7Hz, 3H), 7.95 (br s. 3H), 8.30 (br s, 6H).; (C030D) 8 

0.86 (d, J 7 Hz, 9H), 0.93 (d , J 7 Hz, 9H), 1.55 (m, 9H), 2.30 (s, 9H), 2.40 

(s, 15H), 2.66 (m, 6H), 3.05 (m, 6H), 3.16 (m, 6H), 3.42 (m, 12H), 4.30 (t, 

J 7Hz, 3H). Anal. Calcd for C60H96N 160 J5·3.0H20: C, 53.95 ; H, 7 .70. 

Found: C, 53.86; H, 7.47. 

General procedure for the spectral measurement of 1:1 

mixtures of iron(III) and hexadentate ligands. A sample ( 13-15 mg) 

of each hexadentate ligand was dissolved in deionized water (5.0 mL) . The 

sample solution ( 1.0 mL) was mixed with an equimolar amount of ferric 

nitrate solution (3 .28 mM) and diluted to 10.0 mL (0.3 mM). The pH of 
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the solution was adjusted to an appropriate value with 0.1 or 0.0 I M NaOH 

or 0. I or 0.0 l M HN03 before spectral measurement. 

General procedure for the mole ratio plots of the 

hexadentate ligands and iron(III). A sample (3 mg) of each 

hexadentate ligand was dissolved in deionized water (5.0 mL). 0.5 mL of 

the sample solution was mixed with an appropriate amount of a standard 

aqueous ferric nitrate solution (0.25-2.25 mL, 0.33 mM) and 0.5 mL of 

0.4M KN03. The pH of the mixture was adjusted to 6.0 or 4.0 with 0.0 I 

or 0.1 M NaOH and diluted to 5.0 mL with Mcilvaine's buffer (pH 6.0) or 

with acetate buffer (pH 4.0). Then the visible spectra were measured. 

lron(III) exchange reaction. Each iron(III) complex solution 

(0.195 mM) of the hexadentate ligands was prepared by mixing a stock 

solution of the ligand ( 1.3 mM) with an equimolar amount of ferric nitrate 

solution (3.28 mM) and 0.5 mL of 0.4M K 03, and then diluting to 5.0 mL 

with acetate buffer. An EDTA solution was prepared by dissolving 

(EDTA)2- .2Na+·2H20 in Mcilvaine's buffer solution (ionic strength 0.04, 

pH 6.0) to give a concentration of 0.3 mM. Iron( Ill) exchange reaction was 

monitored by the decrease of absorbance at 450 nm. The relative stability 

constants of the iron(III) complexes were calculated by using the stability 

constant of Fe(edta) (logK 25.1 ),23 the pKa of the corresponding bidentate 

ligand (pKa 4.7 of lOb for 26 and 27) , and the pH of the solution at an 

equi librium point at 20 °C. 

Gallium complex formation. A sample of each hexadentate li gand 

(6-8 mg) and Ga(N03)3 (4-5 mg) was dissolved in 10% CD30D/D20 (1:9; 

0.5 mL). The pD was adjusted to 6 with freshly prepared 0.4% NaOD in 

020.24 LH NMR spectrum was measured at room temperature. Ga/27a: 8 
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1.31 (d, J 7 Hz, 9H), 2.24 (m, 6H), 2.44 (s, 24H), 2.67 (m, 6H), 3.06 (m, 

6H), 3.42 (m, 6H), 3.57 (m, 6H), 4.20 (m, 3H); Ga/27b: o 0.86 (d, J 6 Hz, 

9H), 0.92 (d J 6 Hz, 9H), J .53 (m 6H), 2.23-2.27 (m, 6H), 2.43 (s, 21 H), 

2.47 (s, 9H), 2.75 (m, 12H), 3. J 0 (m, 6H), 3.45 (br s, 6H), 3.60 (m, 6H), 

4.25 (m, 3H). 

Iron removal from transferrin. The stock solutions of each 

hexadentate ligands (0.2-2.0 mL, 0.2-20 mM, pH 7.4) and TfFe2.0 (2.0 mL, 

0.03-0.05 mM) in Tris buffer were combined, and then the absorbance of 

the solution was monitored at 460 nm (500 nm for 26, and 460 nm for 27) . 

The pseudo-first-order-rate constant (kobsd) was calculated from the slope 

of the plots of log [(A00-Abs)/(A00-AO)] as a function of time. 

179 



6.5 References 

(I) Hider, R. C.; Kontoghiorghes, G. J.; Silver, J. UK Patent: GB-2118176, 

1982. 

(2) "The Development of Iron Chelators for Clinical Use", Ed. Bergeron, 

R. J. ; Brittenham, G. M. CRC Press, Boca Raton, 1992 and references 

cited therein. 

(3) Ohkanda, J. ; Tokumitsu, T. ; Mitsuhashi , K. ; Katoh , A. Bull. Chem. Soc. 

Jpn. 1993, 66, 841. 

(4) "Iron Trasport in Microbes, Plants and Animals", Ed. Winkelmann , G.; 

van der Helm, D. ; Neilands, J. B. VCH, Weinheim, 1987. 

(5) Isied , S. S. ; Kao, G.; Raymond , K. N. J. Am. Chem. Soc. 1976, 98, 

1763. 

(6) Harris, W. R.; Carrano, C. J. ; Raymond , K. N. J. Am. Chern. Soc. 

1979, 101 , 2722 

(7) "Handbook of Microbial Iron Chelates", Ed. Winkelmann, G. CRC, 

Boca Raton, 1990, p313. 

(8) Corey, E. J.; Hurt, S. D. Tetrahedron Lett. 1977, 3923. 

(9) Ohkanda, J. ; Katoh, A. Tetrahedron 1995,51, 12995. 

(I 0) Gross, E.; Meienhofer, J. The Peptides Academic Press: New York, 

1979; vol. I, p264. 

(II) Scarrow, R. C. ; Riely, P. E. ; Abu-Dari , K.; White, D. L. ; Raymond, 

K. N. lnorg. Chern. 1985, 24, 954. 

(12) Winston , A.; Kirchner, D. J. Am. Chern. Soc. 1978, 11, 597. 

180 



( 13) Martell, A. E.; Smith, R. M. Critical Stability Constants; Plenum: New 

York, 1974; Vol. I. 

(14) Anderegg, G.; L'Eplattenier, F.; Schwarzenbach, G. Helv. Chim. Acta 

1963,46, 1400 and 1409. 

(15) Carrano, C. 1.; Raymond, K. N.J. Am. Chem. Soc. 1979, 101 , 5401. 

(16) Ohkanda, J.; Katoh, A. J. Org. Chem. 1995,60, 1583. 

( 17) Llinas, M. Structure and Bonding; Springer-Verlag: New York, 1974; 

Vol. 17, pl42. 

(18) van der Helm, D.; Baker, 1. R. ; Eng-Wilmont, D. L.; Hossain , M. B.; 

Loghry, R . A. J. Am. Chem. Soc. 1980, 102, 4224. 

(19) Carrano, C. 1.; Raymond, K. N.J. Am. Chem. Soc. 1978, 100, 5371. 

(20) Raymond, K. N.; Muller, G.; Matzanke, B. F. Top. Curr. Chem. 1984, 

123, 49. 

(21) Tor, Y. ; Libman , J.; Shanzer, A.; Felder, C. E.; Lifson, S. J. Am. 

Chem. Soc. 1992, JJ 4, 6661. 

(22) Dayan, 1.; Libman , J .; Agi, Y.; Shanzer, A. 1norg. Chem.1993, 32, 

1467. 

(23) Martell, A. E.; Smith, R. M. Critical Stability Constants; Plenum: New 

York, 1974; Vol. I. 

(24) Hou, Z.; Whisenhunt, Jr. , D. W.; Xu, J.; Raymond, K. N. J. Am. 

Chem. Soc. 1994, 116, 840. 

181 



Chapter 7 

Hexadentate Ligands Bearing 
1-Hydroxy-2(1H)-pyrazinone and 

D-Amino Acid Residues 
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7.1 Introduction 

The microbial siderophore desferrioxamine B (DFB: trade name 

Desferal , Ciba-Geigy) is still the most effective therapeutic agent for 

removal of toxic quantities of iron from patients that receive regular 

transfusions.! Unfortunately, DFB cannot be administered orally and has a 

sho rt half-life in vivo (5- I 0 min)2 Therefore , much effort has been 

devoted to development of new sequestering agents that would have 

improved properties. 

0 H 0 H 
H2N, jL- N jL- N 

(CH2)s (CH2)2 (CH2)5 (CH2), (CH2)5 
\. / ':: ·; ' Me 
'·~ >;--n H 
OH 0 OH 0 OH 0 

Desferrioxamine B (DFB) half-life 5-10 min. 

protein 

Figure 7-1 
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One of the problems of its iron chelation is a kinetic barrier in the 

release of iron from serum transferrin (iron transport protein) , which 

prevents efficient transfer of iron to the chelator as shown in Figure 7-1.3,4 

Thus , the high kinetic efficiency of iron removal from tht> protein is 

requisite for acting as a new agent. 

The kinetic studies of iron removal from transferrin have been 

reported ,S-11 and an interaction between chelators and transferrin on iron 

exchange process was suggested. The process was found to be catalyzed by 

pyrophosphate, which induced the conformation change of the protein. 

Neiland and co-workers demonstrated5,6 that aerobactin can remove iron 

from transferrin in vitro, and they showed spectrophotometric evidence 

Aerobactin 

lt:rnary complex 

Figure 7-2 
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for ternary complex formation in the process of iron removal from the 

protein as shown in Figure 7-2. They suggested that the rate of iron 

exchange between transferrin and aerobactin is controlled by the rate of the 

conformational change of transferrin and the rate of dissociation of the 

complex. Cowart and co-workers also proposed the formation of a complex 

between the protein and the chelator; the complexation promotes a 

conformation change of the protein to expose the metal site.? On the other 

hand, Raymond and co-workers suggested that the rate of iron removal 

from transferrin strongly depends on anionic property of the chelators. 8 

Thus, it is likely that the kinetic behavior of the chelators is closely related 

to not only its anionic property, but also the structural suitability to the 

protein. However, no paper concerning the relationship between the ligand 

structure including the chirality and the kinetic behavior has been reported . 

As mentioned in Chapter 6, N-hydroxyamide-containing pyrazines 

showed the feasibility for iron sequestering agents under physiological 

conditions by virtue of their high water solubility and high acidity. It was 

also elucidated that chiral hexadenate chelators (27) composed of 1-

hydroxy-5,6-dimethyl-2( I H)-pyrazinones, L-amino acid residues, and tris(2-

aminoethyl)amine effectively removed iron from transferrin. As an 

attempt to explore the relationship between ligand structure and the iron 

removal efficiency, their enantiomers 66a , b were prepared. Their 

structures are shown in Figure 7-3. 
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Figure 7-3 

In this chapter, the author describes the difference in kinetic efficiency 

between the enantiomers on iron removal from transferrin. 
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7.2 Hexadentate Ligands Bearing 
1-Hydroxy-2(1H)-pyrazinone and 

D-Amino Acid Residues12 

(a) Synthesis 

Me)[N~C02H 

Me ~0 
OBzl 

50 

H-~-Aia-OMe-HCI 

Yield /% 

6 2 6 3 

a 71 80 
b 91 93 

Scheme 7-1 

OBzl 
3 

1N NaOH [ 6 2R =Me 
6 JR3=H 

6 0 61 

a 72 75 
b 72 100 

Synthesis of 66 was achieved by a similar fashion to the preparation of 

2713 as shown in Schemes 7-1 and 7-2. D-Alanine (or D-leucine) and P
alanine were successively introduced to 1-benzyloxy-3-carboxyethyl-5,6-

dimethyl-2( lH)-pyrazinone (50), and resulting dipeptide-linked pyrazinones 

63 were converted to corresponding 0-succinimide esters 64. Compounds 

64 were condensated with tris(2-aminoethyl)amine, followed by 

debenzylation by hydrogenation, to give 66. 
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R1 

9 .l.c ~ 
Me]IN~C-N' ,- ~C02H 

) H 0 
Me , 0 

OBzl 63 

WSC-HOSu -100% 

t1 H 0 

9 ·· CN ~ M~N~C-N' ,- ~CQIJ 
.J A~ H 0 II 

Me N 0 0 0 
' OBzl 

64 
R1 65 ffi 

a Me 01 93 
b Bu; oo ff7 

Scheme 7-2 

(b) Configuration of iron(III) complex 

UV -vis spectra of a I: I molar mixture of 66 and ferric ion in aqueous 

sol utions showed characteristic LMCT band around at 450 nm (£ 3580 at 

450 nm for 66a; £3010 at 455 nm for 66b), indicating the formation of 

intramolecular I: l iron complexes. 

CD spectrum of the Fe/66a complex in an aqueous solution is shown in 

Figure 7-4 with the data of Fe/27a complex. The spectrum of Fe/66a 

complex has a negative band at 480 nm which is opposite to the band at 478 

nm in Fe/27a complex. These bands arise from LMCT of the complexes 

and are therefore sensitive to the chirality at the metal center. On the basis 

of the result, the absolute configuration in Fe/66a complex should be 

assigned as L'. form (opposite to Fe/27a complex). 
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Figure 7-4. CD spectra of iron (III) complex of 66a in aqueous so lutions 
at pH 4.0: [Fe66a]=l.2 mM (-); [Fe27a]=0.3 mM (--). 

(c) Iron removal from transferrin 

Iron remov ing ability of 66a from hu ma n d iferr ic tra ns ferrin 

(TfFe2.0) was evaluated at pH 7.4 by the same procedure as that for 27a 13 

a described in Chapter 6. The plots o f log [(Aoo-A bs)/(Aoo-AO) I as a 
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Figure 7-5. The plots of log [ (A~ -Abs)]/(A~ -A0)] vs time 

on iron removal of 66a (• ) and 27a (~) fromTfFc2.0. 

function of time gave a linear relationship as shown in Figure 7-5 . It 

indicates that the iron removal from transferrin by 66a proceeds in the 

pseudo-first-order kinetics. The kobs was calculated from the slope of the 

straight line. The kinetic results are summarized in Table I with the data of 

27a, b . The rates of iron removal by 66a were greater than that by 

desferrioxamine B, which is a currently used drug for iron overload (kobs 

0.66x I o-3 min· I; [L]/[TfFe2.0]= I 00) , 14 even at a less concentration of the 

ligand. It is noteworthy that the rates of iron removal by alanine residue

containing ligands were significantly affected by the chirality of the free 

ligands. The rate of iron removal by 66a was suppressed to only one fourth 

of 27a (Figure 7-5). On the other hand, no apparent difference was 

observed in the case of leucine residue-containing 66b and 27b. 
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Table 1. Iron Removal from Transferrin at pH 7.4 
Ligand [L]/[TfFe2.0]a kobs % Fe 

(x I o-3 min-I) removedb 

66a 

66b 

27ac 

27bC 

5 

6 

5 

6 

1.05 

1.29 

3.80 

0.90 

7 

8 

23 

9 

a [TfFe2.0]0=0.0368 mM. TfFe2.0 was prepared from 

commercially available human serum apotransferrin (Sigma). 

b At a point 30 min after the reaction was initiated. CRef. 13. 

It is the first case demonstrating the influence of the chirality of the 

ligand upon the rate of iron removal from transferrin. Although the detail 

remains obscure, a plausible mechanism is proposed as follows. 

Figure 7-6. Schematic representation of the steric hindrance 
of the ligand upon the access to the metal site in protein. 
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The structural feature of the ligand would give an influence on the 

interaction between the protein and the ligand. A bulky substituent such as 

an Bui group may prevent access of the ligand to exposed metal site of the 

protein as shown in Figure 7-6. The iron removal process could be 

affected by the chirality of the ligand itself, or the absolute configuration 

(i.e. II. and D.) of the resulting iron complex of the ligand (Figure 7-7). 

D-form 

D-fonn 
slow 

Figure 7-7. Schematic representation of the influence of chirality of the ligand. 

It is reported that transferrin has anion-binding sites on its surface and 

that anion binding triggers the conformational change of the protein.IS-17 

On the basis of these evidences, Kretchmar and co-workers I I proposed that 

the kinetic efficiency of the reaction is related to the conformational change 
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of the protein , transferrin, during iron removal by strong sequestering 

agents. However, desferrioxamine B is no the case . Namely , 

desferrioxamine B does not act as a synergistic anion; it is 

thermodynamically capable of removing iron from transferrin but does not 

bind to the protein and trigger the conformational change. 

N-Hydroxyamide-containing diazines, particularly pyrazinones, should be 

anionic under physiological conditions, due to their low pKa values 

compared to hydroxamic acid derivatives, such as desferrioxam ine B. 

Therefore, the diazines would interact with the surface of the protein more 

efficiently than does desferrioxamine B, resulting in the more efficient 

conformational change of the protein (Figure 7-8 (a)). Moreover, the 

resulting iron complexes of diazines should be neutral ; the neutral 

complexes easily released from the cavity of the protein, which is 

surrounded by anionic amino acid residues as shown in Figure 7-8 (b). 

ligand protein 

(a) (b) 

Figure 7-8. Schematic representation of "catch and release" model. 
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These results suggest that the kinetics of iron removal from transferrin by 

diazines did not simply depend on the stabi lity of the iron complexes of the 

diazines; the conformational change of the protein, triggered by the 

interaction with the ligands, would play an important role in determining the 

kinetics. The lower pKa va lue and molecular shape of the ligands 

characterized by the substituents would give large influence on the process 

of the ternary complex formation between the ligands, iron, and the protein. 

Moreover, the fact that L-amino acid residues-containing ligand 2 7 a 

removed iron more effective ly than the li gand bearing 0-amino acid 

residues 66a suggests that the chirality of the ligands is one of the important 

factors determining the kinet ics; the ligands having the same chirality as 

natural environment are more feasible to fit the natural-occurring proteins. 
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7.3 Experimental 

General. Melting points were determined on a Mel-Temp apparatus 

in open capillaries and are uncorrected. IR and UV -vis spectra were 

recorded on a JASCO A-100 infrared and on a JASCO Ubest V-550 

spectrophotometers, respectively. I H NMR spectra were obtained on a 

JEOL GX-270 spectrometer in CDCI3 , DMSO-d6 or CD30D solutions. 

Chemical shifts are reported in ppm (8) downfield from internal TMS. 

Thin layer chromatography (TLC) was performed on silica gel 60 F-254 

with a 0.2 mm layer thickness. Column chromatography was carried out 

with Merck Kieselgel 60 (230-400 mesh). Optical rotations were 

determined on a JASCO PIP-370 digital polarimeter. CD spectra were 

measured with a JASCO J-720 spectropolarimeter. HPLC was carried out 

on a JASCO 880-PU and a 875-UY equipped with a JASCO IT integrator by 

using a column packed with a Finepak SIL C12S. Combustion analyses were 

performed on a YANACO MT-3 CHN corder. 

1-Benzyloxy-3-carboxyethyl-5,6-dimethyl-2( I H)-pyrazinone (50) was 

prepared by the same procedure as that described in Chapter 6. 

N -3- ( 1- Benzyloxy -5,6-d imethyl- 2-oxo-1 ,2-d ihyd ropy raz-3-

yl)propanoyl-D-alanine methyl ester (60a). A solution of 1-(3-

(dimethylamino)propyl)-3-ethylcarbodiimide hydrochloride (water soluble 

carbodiimide: WSC.HCI; 1.28 g, 6.1 mmol) in CH2C12 (10 mL) was added 

to a mixture of 50 ( 1.84 g, 6.1 mmol), H-0-Ala-OMe·HCI (934 mg, 6.7 

mmol), N-methylmorpholine (678 g, 6.7 mmol) , and HOBt (1.03 g, 6.7 
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mmol) in DMF (5 mL) at -I 0 °C. The mixture was stirred overnight at 

room temperature. After removal of DMF under reduced pressure, the 

residue was dissolved in AcOEt (300 mL). The organic layer was 

successively washed with water, 4% NaHC03 , I 0% citric acid, and brine, 

and dried over anhydrous MgS04. Evaporation of the solvent, followed by 

purification by recrystallization from AcOEt-petroleum ether, gave the 

product; 1.7 g (72%): mp 115-118 °C; [o:]o22 +20.5° (c 0.5 , MeOH) ; IH 

NMR (CDCI3) 8 1.39 (d , J 7 Hz, 3H), 2.16 (s, 3H), 2.25 (s, 3H), 2.69 (m, 

2H) , 3.18 (m, 2H), 3.72 (s, 3H, OMe), 4.60 (m, I H), 5.24 (s, 3H), 6.74 (d, J 

7Hz, I H), 7.38-7.49 (m, 5H). Anal. Calcd for C20H25N305 ·0.5H20: C, 

60.59; H, 6.61; N, 10.06. Found: C, 60.71 ; H , 6.36; N, 10.05. 

N -3- ( 1- Benzyloxy-5,6-dimethy 1-2-oxo-1 ,2-d ihyd ropyraz-3-

y1)propanoyl-D-leucine methyl ester (60b). The coupling of 

compound 50 (1.53 g, 5.06 mmol) and H-0-Leu-OMe·HCI (990 mg, 5.45 

mmol) was carried out by a similar procedure to the preparation 60a to 

give the product (60b); 1.56 g (72%): mp 108-110 oc; IH NMR (CDCI3) 8 

0.93 (d, J 7 Hz, 6H), 1.58 (m, 3H), 2.20 (s, 3H), 2.25 (s, 3H), 2.71 (t, J 7 

Hz, 2H) , 3.19 (t, J7 Hz, 2H), 3.71 (s, 3H), 4.61 (m, !H), 5.25 (s, 2H) , 6.61 

(d, J 7 Hz, I H), 7.41-7.51 (m, 5H). Anal. Calcd for C23H31 N305·0.5H20: 

C, 62.99; H, 7.35 ; N, 9.58. Found: C, 63.32; H, 7.36; N, 9.76. 

N -3-( 1-Benzyloxy-5,6-dimethy1-2-oxo-1 ,2-d ihyd ropy raz-3-

yl)propanoyl-D-a1anine (61a). To a solution of compound 60a (61 0 

mg, 1.61 mmol) in MeOH (20 mL) was added IM NaOH (4.8 mL, 4.8 

mmol) at 0 oc_ After being stirred for 3 min at room temperature, the 

mixture was neutralized and then concentrated. The residual aqueous 

solution was acidified with 5M HCI at 0 °C, then extracted with CHCI3 (100 
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mL). The organic layer was successively washed with 10% citric acid and 

brine, and dried over anhydrous MgS04. Evaporation of the solvent, 

followed by recrystallization from benzene-hexane, gave the product (6la) 

as pale yellow crystals; 440 mg (75%): mp 140-142 °C; [a]o23 +7.4° (c 

0.5 , MeOH); I H NMR (CDCI3) 8 1.46 (d, J 7 Hz, 3H), 2.21 (s, 3H), 2.25 (s, 

3H), 2.73 (t, J 7 Hz, 2H) , 3.20 (t, J 7 Hz, 2H) , 4.54 (m, I H), 5.24 (s, 2H ), 

7.15 (d, J 5 Hz, !H), 7.39-7.48 (m , 5H). Anal. Calcd for 

CJ9H23N305·0.7H20: C, 59.12; H, 6.37; N, 10.89. Found: C, 59.30; H, 

6.25; N, 10.59. 

N -3- (1- Benzyloxy-5,6-d i methyl- 2-oxo-1 ,2-d ihyd ropy raz-3-

yl)propanoyl-D-Ieucine (6lb). The hydrolysis of 60b ( 1.34 g, 3.12 

mmol) with LM NaOH was carried out by a similar procedure to the 

preparation of 61a to give the product (61b) as yellow oil; 1.43 g (100%): 

I H NMR (CDCI3) 8 0.92 (d, J 6 Hz, 3H), 0.94 (d, J 6 Hz, 3H), 1.70 (m, 3H), 

2.21 (s, 3H), 2.25 (s, 3H), 2.73 (t, J 7 Hz, 2H), 3.19 (t, J 7 Hz, 2H) , 4.55 (m, 

I H), 5.24 (s , 2H), 6.97 (d, 17Hz, I H), 7.39-7.49 (m, 5H). 

N -3- ( 1-Benzyloxy-5,6-dimethy 1-2-oxo-1,2-di hydro pyraz-3-

yl)propanoyi-D-alanyl- ~-alanine methyl ester (62a). Compound 

61a (502 mg, 1.34 mmol) was coupled with H-~-Ala-OMe·HCI (207 mg, 

1.48 mmol) in the presence of HOBt (226 mg, 1.48 mmol) , N

methylmorpholine ( 150 mg, 1.48 mmol) , WSC.HCJ (257 mg, 1.34 mmol) 

by the same procedure for the preparation of 60a. The crude product was 

purified by column chromatography on silica gel (eluent: CHCI3-acetone

Et0H=l00:40:8) to give the pure product (62a); 440 mg (71 %): mp 144-

148 °C; [a]o20 +J8.7 o (c 0.67, MeOH); IH NMR (CDCI3) 81.35 (d, J 

7Hz, 3H), 2.20 (s, 3H), 2.25 (s, 3H), 2.51 (t, J 7Hz, 2H), 2.70 (t, J 7 Hz, 
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2H), 3.18 (m, 2H), 3.59 (t, J 7 Hz, 2H), 3.69 (s, 3H), 4.42 (q, J 7 Hz, 1 H), 

5.25 (s, 2H), 6.74 (br s, l H), 6.77 (br s, I H), 7.30-7 .49 (m, 5H). Anal. 

Calcd for C23H30N406·0.8H20: C, 58.42; H, 6.73; N, 11.85. Found: C, 

58.11; H, 6.31; N, 12.28. 

N -3- ( 1-Benzyloxy-5,6-d i methyl-2-oxo-1 ,2-di hyd ropy raz-3-

yl)propanoyl-D-leucyl- ~-alanine methyl ester (62b). The 

coupling of 61b (330 mg, 0.79 mmol) with H-~-Ala-OMe·HCl (127 mg, 

0.91 mmol) was carried out by a similar procedure to the preparation of 

62a to give the product (62b); 360 mg (91 %): mp 142-148 °C; lH NMR 

(CDCl3) 8 0.90 (d, J 4.3 Hz, 3H), 0.92 (d, J 4.3 Hz, 3H), 1.51-1.70 (m, 3H), 

2.20 (s, 3H), 2.25 (s, 3H), 2.51 (t, J 6.3 Hz, 2H), 2.68 (t, J 7.3 Hz, 2H), 3.17 

(t, J 7.3 Hz, 2H), 3.48 (m, 2H), 3.68 (s, 3H), 4.40 (m, I H), 5.24 (s, 2H), 

6.70 (d, J 9.0 Hz, I H), 6.82 (br s, I H), 7.39-7.50 (m, 5H). Anal. Calcd for 

C26H36N406·l.OH20: C, 60.21; H, 7.39 ; N, 10.80. Found: C, 60.22; H, 

7.19; N, 10.79. 

N -3- ( 1-Benzy loxy -5,6-d imethy 1-2-oxo-1 ,2-d ihyd ropy raz-3-

yl)propanoyl-D-alanyl-~-alanine (63a). Compound 62a (440 mg, 

0.96 mmol) was hydrolyzed by a similar procedure to the preparation of 

61a to give the product (63a); 340 mg (80%); mp 160-162 °C; [a]o22 

+ 19.8° (c 0.50, MeOH); I H NMR (CD30D) 8 1.33 (d, J 7 Hz, 3H), 2.25 (s, 

3H), 2.26 (s, 3H), 2.49 (t, J 7 Hz, 2H), 2.68 (t, J 7 Hz, 2H), 3.10 (t, J 7 Hz, 

2H), 3.42 (t, J 7Hz, 2H), 4.30 (q, J 7Hz, I H), 5.25 (s, 2H), 7.39-7.52 (m, 

5H). Anal. Calcd for C22H28N406·0.5H20: C, 58.66; H, 6.49; N, 12.44. 

Found: C, 58.79; H, 6.69; N, 12.17. 

N -3-( 1-Benzyloxy-5,6-dimethyl-2-oxo-1 ,2-dihydropyraz-3-

yl)propanoyl-D - leucyl-~-alanine (63b). Compound 62b (502 mg, 
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1.0 mmol) was hydrolyzed by a similar procedure to the preparation of 63a 

to give the product (63b); 454 mg (93%): mp 154-155 °C; lH NMR 

(CDCl3) 8 0.86 (d, J 6 Hz, 3H), 0.89 (d, J 6 Hz, 3H), 1.58 (m, 3H), 2.20 (s, 

3H), 2.26 (s, 3H), 2.54 (m, 2H), 2.71 (m, 2H), 3.16 (m, 2H), 3.49 (m, 2H), 

4.70 (m, l H), 5.24 (s, 2H), 6.88 (d, J 7 Hz, I H), 7.41 -7.47 (m, 5H), 7.60 

(m, lH). Anal. Calcd for C25H34N406·0.5H20: C, 60.59; H, 7.19; N, 

11.31. Found: C, 60.28; H, 7.00; N, 11.17. 

N -3- ( 1- Benzyloxy-5,6-d imethy 1- 2-oxo-1 ,2 -d ihyd ropy raz-3-

yl)propanoyl-D-alanyl-P-alanine 0-succinimide ester (64a). 

WSC·HCl (129 mg, 0.68 mmol) in CH2Cl2 (2 mL) was added to a mixture 

of compound 63a (300 mg, 0.68 mmol) and HOSu ( 155 mg, 1.35 mmol) in 

DMF (3 mL) at -I 0 °C. After being stirred for 24 h at room temperature, 

the solvent was removed under reduced pressure , and the residue was 

dissolved in CHCI3 (200 mL). The organic layer was successively washed 

with H20 and brine, and dried over anhydrous MgS04. Evaporation of 

the solvent gave the 0-succinimide ester (64a) as pale yellow crystals, which 

was used for the next reaction without further purification, 300 mg (82 %); 

IR (CHCl3) 1820, 1790, 1740 cnrl 

N -3- ( 1-Benzyloxy-5 ,6 -d imethyl- 2-oxo-1 ,2-di hyd ropy raz-3-

yl)propanoyl-D-leucyl-P-alanine 0-succinimide ester (64b). 

Compound 63b (382 mg, 0.79 mmol) was coupled with HOSu (181 mg, 

1.58 mmol) by a simi lar procedure to the preparation of 64a to give the 

corresponding 0-succinimide ester (64b) as yellow crystals, which was used 

directly for the next reaction, 3 10 mg (68%): IR (CHCl3) 1839, 1800, 1744 

cm-1. 
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T ris-(2- (3-(2- (3-( 1-Benzy loxy-5,6-di me thy 1-2- oxo-1 ,2-

dihydropyraz-3-yl)propanamido)-2(S)-methylethanamido)

propanamido)ethyl)amine (65a). A solution of compound 64a (300 

mg, 0.55 mmol) and tris(2-aminoethyl)amine (25 mg, 0.17 mmol) in DMF 

(3 mL) was stirred for 48 h at 38 °C. After removal of the solvent, CHCI3 

(300 mL) and 0.1 M NaOH (50 mL) was added to the residue. The organic 

layer was successively washed with H20, and brine, and dried over 

anhydrous Na2S04. Purification by column chromatography on silica gel 

(eluent: CHCI3-MeOH=6: I), foil wed by gel chromatography on 

TOYOPEARL HW-40 (eluent: MeOH), gave the product (65a); 140 mg 

(57%): mp 175-179 oc (decomp.); [a]o25 +15.1 o (c 0.18, MeOH); IH 

NMR (DMSO-d6) 8 1.18 (d, 17Hz, 9H), 2.18 (s, 9H), 2.23 (s, 9H), 2.26 (t, J 

7 Hz, 6H), 2.52 (t, J 7Hz, 6H), 2.94 (t, J 7 Hz, 6H), 3.14 (m, 6H), 3.26 (m, 

6H), 4.23 (q, J 7Hz, 3H), 5.21 (s, 6H), 7.40-7.50 (m, ISH), 7.65 (m, 6H), 

7.80 (d, J 7 Hz, 3H). Anal. Calcd for C72H96N 160 15·2.5H20: C, 58.80; H, 

6.92; N, 15.24. Found: C, 58.59; H, 7.18; N, 15 .76. 

T ris-(2- (3- (2- (3-( 1-Benzy loxy -5 ,6-d i me thy 1-2- oxo-1 ,2-

d ihyd ropy raz-3- y I) pro pa na mi do)-2(S)-sec- bu ty letha na mid o)

propanamido)ethyl)amine (65b). The coupling of compound 64b (316 

mg, 0.54 mmol) with tris(2-aminoethyl)amine (20 mg, 0.14 mmol) in DMF 

(3 mL) was carried out for 48 h at 38 °C. The crude product was purified 

by column and gel chromatographies as described for the preparation of 

65a to give the product as an amorphous solid (65b); 170 mg (80%): I H 

NMR (CD30D) 8 0.88 (d, J 6 Hz, 9H), 0.93 (d, J 6 Hz, 9H), 1.56 (m, 9H), 

2.24 (s, 18H), 2.43 (m, 6H), 2.69 (m, 12H), 3.06 (m, 6H), 3.26 (m, 6H), 

3.45 (m, 6H), 4.34 (m, 3H), 5.23 (s, 6H), 7.40-7.49 (m, ISH). 
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Tris-(2-(3-(2-(3-( 1-Hydroxy-5,6-dimethyl-2-oxo-1 ,2-

dihydropyraz-3-yl)propanamido)-2(S)-methylethanamido)

propanamido)ethyl)amine (66a). A suspension of I 0% Pd-C (25 mg) 

in MeOH (I 0 mL) was prehydrogenated with H2 for 0.5 h. To the 

suspension was added a solution of compound 65a (I 18 mg, 0.08 mmol) in 

MeOH (40 mL). After hydrogenation with H2 under atmospheric pressure 

for I h under reflux, the catalyst was removed by filtration. The filtrate 

was concentrated to give the residue. Purification of the residue by gel 

chromatography on Shephadex LH-20 (eluent: MeOH) afforded the product 

(66a), 89 mg (96%): [o:Jo22 +15.9 o (c 0.30, MeOH); IH NMR (CD30D) 8 

1.33 (d, 1 7 Hz, 9H), 2.33 (s, 9H),2.41 (s, 9H), 2.44 (t, 1 7 Hz, 6H), 2.66 (t, 1 

7 Hz, 6H), 3.03 (t, 1 7 Hz, 6H) , 3.35 (m, 12H), 3.59 (m, 6H), 4.34 (q, 1 7 

Hz, 3H). Anal. Calcd for C5JH78NJ60J5 ·5H20: C, 49.19; H, 7.12; N, 

18.00. Found: C, 49.45 ; H, 6.90; N, 17.83. 

Tris- (2- (3- (2-(3 -( 1- Hydroxy- 5,6-d imethy 1-2-oxo-1 ,2-d ihyd ro

pyraz-3-y I) pro pa na mid o)- 2(S)-sec- b u ty letha nam i do) 

propanamido)ethyl)amine (66b). Compound 65b (36 mg, 0.023 

mmol) was hydrogenated with I 0% Pd-C (I 0 mg) in MeOH (30 mL) for I h 

at room temperature. Purification by gel chromatography on Shephadex 

LH-20 (eluent: MeOH) gave the product as an amorphous solid (66b), 26 

mg (87%): [o:]o25 +9.07° (c 0. 19, MeOH); I H NMR (CD30D) 8 0.87 (t, 1 

6 Hz, 9H), 0.92 (d, 1 6 Hz, 9H), 1.55 (m, 9H), 2.32 (s, 9H), 2.39 (s, 9H), 

2.40 (m, 6H) , 2.66 (t, 1 7 Hz, 6H), 3.04 (m, 12H), 3.43 (m, 12H), 4.30 (t, 1 

7Hz, 3H). Anal. Calcd for C60H96NJ60J5·3H20: C, 53.96; H, 7.70; N, 

16.78. Found: C, 54.05; H, 7.56; N, 17 . 12. 
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General procedure for the spectral measurement of 1: I 

mixtures of iron(III) and hexadentate ligands. A sample ( 13-15 mg) 

of each hexadentate ligand was dissolved in deionized water (5.0 mL) . The 

sample solution ( 1.0 mL) was mixed with an equimolar amount of ferric 

nitrate solution (3.28 mM) and diluted to 10.0 mL (0.3 mM) . The pH of 

the solution was adjusted to an appropriate value with 0. J or 0.0 I M NaOH 

or 0. I or 0.0 I M HN03 before spectral measurement. 

Iron removal from transferrin. The stock so lutions of each 

hexadentate ligand (0.2-2.0 mL, 0.2-20 mM, pH 7.4) and TfFe2.0 (2.0 mL, 

0.03-0.05 mM) in Tris buffer were combined, and then the absorbance of 

the solution was monitored at 460 nm. The pseudo-first-order-rate constant 

(kobsd) was calculated from the slope of the plots of log [(A
00

-A bs)/(A
00

-

AO)] as a function of time. 
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Chapter 8 

Conclusions 

In this thesis , the author described the synthesi s, application to organic 

synthesis, reaction, and iron chelating properties of N-hydroxyamide

containing diazines. 

This study established the syntheses of 1-hydroxy-2( I H)-pyrimidinones 

and -pyrazinones, which showed remarkable high water solubility and 

acidity. 

This study revealed the nucleophilic and photoreactivities of 1-

benzyloxy-2(1 H)-pyrimidinones and -pyrazinones; the ring transformation 

of pyrimidinones with hydroxylamine and the N-0 bond photocleavage 

reaction of pyrazinones with high quantum yields . 

As an application of 1-hydroxy-2( I H)-pyrimidinones and -pyrazinones 

in organic synthesis, the diazines were used as acylating agents for amines 

and alcohols and found to be very effective owing to their high acidity and 

water solubility. 

These diazines acted as bidentate ligands for ferric ion in aqueous 

solutions. However, the stability of their iron complexes was very low. In 

order to overcome this problem and to apply the diazines to the synthesis of 

artificial siderophores, tripodal hexadentate ligands , which is the simplest 

enterobactin model, were synthesized upon introducing a functional group to 
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the heterocyclic ring system. Their iron removal ability from human 

transferrin was also elucidated. From the viewpoint of the potential 

application of the ligands to iron overload disease, two factors are important 

for the removal of iron from transferrin ; the thermodynamic and kinetic 

abilities of such sequestering agents. Although N-hydroxyamide-containing 

diazines were not suitable for thermodynamic chelation due to their low pKa 

values, their kinetic ability to remove iron was greater than that of 

commercially available desferrioxamine B. Thus, the kinetic ability does 

depend on the interaction process for the formation of the ternary complex 

between the ligand, iron , and the protein, for which the molecular shape and 

anionic property of the ligands significantly affect. In other words, the iron 

removal ability of the ligands from the protein could not be estimated only 

on the basis of the thermodynamic chelation property. The influence of 

chirality of the ligands was also observed on the iron removal reaction; L

amino acid residues-containing ligands showed more kinetic iron removal 

ability than do D-amino acid residues-containing ones; synthetic ligands 

having the same chirality of natural environment are more feasible to fit the 

natural-occuring proteins. 

In conclusion, this study provided significant data for understanding 

the fundamental properties of N-hydroxyamide-containing diazines. 

Furthermore, intensive studies on the synthesis and functional evaluation of 

the novel heterocyclic ligands gave many valuable informations in the field 

of bioinorganic chemistry. 
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