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SYNTHESIS OF NOVEL 1,2,4-TRlAZOLE-CONTAINING OLIGOPEPTIDES 
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Abstract-Novel 1,2.4-triazole-containing oligopeptides (12 - 17) were synthesized from 

I-methyl-3-nitro-1.2.4~triazole-5-carboxylic acid (10). 

Low molecular weight substances which possess nonintercalative b~nding ability to double-stranded 8-DNA are 

of particular interest. To date. oligo-N-methylpyrrolecarboxamides such as netropsin (1) and distamycin (2) 

and their derivatives have attracted attention because not only of their notewolthy biological activities but also of 

their strong minor groove nonintercalative binding ability to double-stranded 8-DNA at specific AT rich region.' 

This has led to the development of synthetic analogues of natural oligopeptides for a search of the substances 

valuable as tools in molecular biology and as potential therapeutic agents.2 Several oligo-N-methylpyrrole- 

carboxamide analogues possessing various kinds of heterocyclic moieties capable of specific DNA recognition 

by hydrogen bond formation have been synthesized. These include imldazole.3 t h i a ~ o l e . ~  and isoxazoie 

derivatives5 Here we report the synthesis of novel 1.2.4-triazole-containing oligopeptides (12 - 17). 



In the synthesis of the olgopeptides (12 - 17). the key problem IS the preparation of a triazole synthon that 

contains elements lor the oligomer i nkng  amlde moiety. In a prevous work. we have demonstrated the 

development of 1-methyl-4-nitro-2-trichloroacetylpyrroie (3) and l-methyi-4-n1tro-2-trichioroacetylimidazale (4) 

and their versatility for the syntheses of olgopeptide antlbotics and their a n a l o g u e s ~ l t h o u g h  the 

trichloroacetylation process of the previous synthesis was applicable to l-methyl-l,2,4-lr1azole (6)' affording the 

trichloroacetyltriarale (7).8 the folowlng nilraton faied n various reacton conditions to recover the starnng 

trichloroacetyltrazole. We decided therefore to utilize the ntro ester (9) which couid be synthesized from 

aminoguandine via the amino acid (8) by the method known in the 1iterature.g 

Hydrolysis of the ester (9) with sodum hydroxide afforded the carboxyiic acid (10). which was then treated with 

thionyl chloride to glve the acid chloride (11) in 80% overall yield from 9. Condensation of the acld chloride 

(11) with 3-am~nopropiononitrile in dichloromethane afforded the amide (12) in 87 %yield. The nitro group of 

the amide (12) was reduced to the amne which was condensed with 11 to give the dipeptide (13). The 

reduction-condensation process was then repeated. leading to the tripeptide (14). Similarly, the peptides (15 

- 17) were also syntheszed by employng 3-dimethylamlnopropylamine in place of 3-aminopropiononitr~le. 

Investgations on DNA cleaving activities of the oligopeptides (12 - 17) under near uv (UV-A) light10 and their 

affnlty effic~encies on DNA are now in progress. 

EXPERIMENTAL 

Melt~ng polnts were determ~ned by the capillary method and were uncorrected Infrared (Ir) spectra were 

determ~ned wlth a H~tach  215 spectrophotometer and 'H-nmr spectra were measured wlth a JEOL JNM FX-200 

spectrometer uslng tetramethyls~iane as an ~nternal reference Mass spectra were recorded on a JEOL JMS-D 

300 mass spectrometer generally at 20 ev uslng a d~rect Insenton probe 
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1-Methyl-5-trichloroacetyl-l,2,4-triazole (7). A solution of 1-methyl-1.2.4-triazole (6)' (1 0 0 0  9. 12.05 mmol) 

in CH2Ci2 (5 ml) was added dropwise to a solution of trichloroacetyl chloride (1 3 5  ml. 12.05 mmol) n CH2Cl2 

(15 ml) at room temperature. and the mxture was stirred overnight. The resulting suspension was cooled to 

0°C. and a solution of Et3N (1.68 ml. 12.05 mmol) in CH2Ciz (2 ml) was added n one portion and then the 

mixture was stirred at the same temperature for 2 h. Upon evaporation of the solvent, the residue was 

chromatographed on siica gel column (10:l CHCi3/acetone) to gve  the trichloroacetate (7, 1.300 g. 47 %) as a 

colorless solid; mp 110-111°C. Ir (KBr): 1720 cm-1: 1H nmr (200 MHz. CDCI3):6 4.30 (3H. s) and 8.10 (IH, s) 

ppm. Anal. Calcd for C?jHqN30C13.H20: C.24.37; H,2.45; N.17.05. Found: C24.31; H.2.39; N,17.13. The 

trchloroacetate (7) was further identified as methyl 1-methyl-1.2.4-triazole-5-carboxylate. To a stirred solution 

of 7 (200 mg, 0.875 mmol) in MeOH (2 mi), a catalytic amount of NaOMe was added at O°C. The reacton 

mixture was warmed up to room temperalure, stirred for 10 min. and then concentrated in vacuo. The residue 

was purifed with column chromatography on silica gel (10:l CHC$acetone) to give the ester (121 mg, 98 %); 

mp 74.75% (lit.8 mp 74-75°C). Spectroscopic data of this compound were identical with the reported values of 

methyl I-methyl-1,2,4-triazole-5-carboxylate.~ 

l-Methyl-3-nitro-l,2,4-triazole-5-carboxylic acid (10). Aqueous solution of NaOH (10 %, 18.1 ml) was 

added to a stirred suspension of the ester (9. 7.0 g. 37.6 mmol) in H z 0  (35 ml) at room temperature, and the 

stirring was continued for 30 min. The reaction mixture was acidified by adding 6N HCI at 0 OC and the 

precipitated solid was collected and washed with water. The crude solid was recrystallized from MeOH to glve 

the a c d  (10. 5.2 g. 80 %) as col0rlesS plates; mp 109-1 11°C lr (KBr): 1710, 1560, and 1320 cm-1: 'H nmr 

(200 MHz. DMSO-dg):& 4.23 (3H. s) and 7.45 (1H. br, C02H) ppm. Anal. Calcd lor CqH4N404: C.27.92: 

H,2.34; N,32.55. Found: C.28.17; H.2.21: N.32.80. 

l-Methyl-3-nitro-l,2,4-triazole-5-carbonyl chloride (11). A mxture of the acid (10, 3.44 g, 20 mmol), thonyl 

chlor~de (17.2 ml. 236 mmol). and a catalytic amount of DMF was refuxed for 30 min and then evaporated to 

give a colorless solid. The crude acid chloride without funher purilicaton was used for the next step. 

l-Methyl-3-nitro-l,2,4-trlazole-5-carboxamidopropiononitrile (12). A solution of 3-aminopropiononitrile 

(1.44 g, 20 mmOl) and N.N-d~~sopropylethylam~ne (3.8 ml. 22 mmol) in CHzC12 (8 mi) was added dropwise to a 

strred solution of the acid chlorde (11, 3.81 g, 20 mmol) in CHzCl2 (20 m )  at -20°C. The mixture was warmed 

up to room temperature and the stirring was continued for 30 min. The solvent was removed in vacuo, and 

then water was added to the residue. The resultant crystalline solid was collected and washed with water to 

afford the amde (12, 3.88 g. 87 %). Recrystallization of 12  from AcOEt gave an analytical sample; mp 174- 

176°C. lr (KBr): 2240, 1682, 1560, 1540, and 1320 cm.'; IH nmr (200 MHz, DMSO-ds):6 2.81 (2H.t. J=6.0), 

3.52 (2H. q, J=6.0), 4.26 (3H. s), and 9.52 ( IH ,  1, J=5.0, NH) ppm. Anal. Calcd for C7HgN603:  C.37.50; 

H.3.60; N,37.49. Found: C.37.74; H.3.54; N,37.69. 



l-Methyl-3-(l-methyl-3-nitro-l,2,4-triazole-5-carboxamido)-l,2,4-triazole-5-carboxamidopropiononitrile 

(13). A suspension of 10% Pd-C (600 mg) in a solution of 12t2.24 g, 10 mmol) in MeOH (100 ml) was stirred 

for 2 h under a current of Hz at room temperature, and then filtered. The res~dual catalyst was washed 

thoroughly with MeOH and the combined flitrate and washings were concentrated in vacuo to give the crude 

amino compound. To a stirred solution of this amine and N.N-diisopropylethylamine (1.8 ml, 10 mmol) in 

CH2C12 (20 mi). a solutlon of the acid chloride (11, 1.9 g, 10 mmol) in CH2CI2 (10 ml) was added dropwise at 

-20°C. The mxture was warmed up to room temperature, and the stirring was continued for 2 h. The solvent 

was removed in vacuo, and then water was added to the residue. The resultant crystalline sol~d was collected 

and washed wth  water to afford the amide (13, 1.60 g. 46 %). Recrystallization of 13 from MeOH gave an 

analytical sample; mp 85-1 15°C. Ir (KBr): 2240. 1710, 1685. 1560, and 1320 cm-1; 1H nmr (200 MHz, CDC13): 

S 2.75 (ZH, t, J=6.5), 3.73 (ZH, q, J=6.5), 4.28, 447(2X3H, s), 7.71 ( lH ,  t, J=6.4, NH) and 9.70 ( lH,  br, NH) 

ppm. Anal. Calcd for C11H12N1004.112HzO: C.36.98; H.3.67; N.39.20. Found: C.36.75; H,3.48: N,38.84. 

l-MethylJ-[l-methyl-3-(l-methyl-3-nitro-l,2,4-triazole-5-carboxamido)-l,2,4-triazole-5-carboxamido]- 

1,2,4-lriazole-5-carboxamidopropiononitrile (14). A suspension of Pt02 (10 mg) in a solution of 13 (1.5 g. 

4.3 mmol) in DMF (20 ml) and MeOH (20 ml) was stirred for 3 h under a current of H2 at room temperature. 

The catalyst was removed by filtration, then the soivent was removed in vacuo. The residual crude amino 

compound was acylated with 11 prepared from 10 (741 mg. 4.3 mmol). by the same procedure as that 

described for 13. Recrystallization of the product from DMF gave 14 (540 mg. 27 %) as a I : l  DMF adduct; mp 

285-286°C. lr (KBr): 2240, 1710, 1685, 1650. and 1565 cm-l ;  l H nmr (200 MHz. CDC13): 6 2.80 (2H, br), 3.70 

(2H. br), 4.13, (3H. s), 4.51 (6H, s). 6.95 ( IH,  br. NH). 8.78 ( lH ,  br, NH), and 1124 ( lH .  br, NH) ppm. Anal. 

Calcd for C ~ ~ H ~ ~ N I ~ O ~ . C ~ H ~ N O ( D M F ) :  C.39.63; H.4.25; N.38.52. Found: C,39.95; H,4.48; N.38.80. 

3-(1-Methyl-3-nitro-l,2,4-triazoie-5-carboxamido)dimethylaminopropane (15). A solution of 3- 

dimethylaminopropylamine (562 mg, 5.5 n7mOl) in CHzCIz (3 ml) was added dropwise to a stirred solution of 11, 

prepared from 10  (860 mg. 5 mmol). at -40°C. The mixture was warmed up to room temperature and the 

Stirring was cont~nued for 1 h. Precipitated solld was collected, washed with acetone, and recrystallized from 

MeOH to afford 15 (1 .I 3 g, 77 %) as a HCI salt; mp 240-24i°C. Ir (KBr): 1685. 1560. and 1320 cm-1; 1 H nmr 

(200 MHz, DMSO-ds): 6 1.95 (2H. m). 2.72 (6H. s), 3.06 (ZH, t. J=8.0), 3.34 (2H, m), 4.26 (3H. s), and 9.36 (1 H, 

br. NH) ppm. Anal. Calcd for CgH16N603.HC: C.36.93; H,5.85: N.28.71. Found: C,36.69: H.5.76; N.28.47. 

3-[1-Methy1-3-(1-methyl-3-nitro-l,2,4-triazole-5-carboxamido)-l,2,4-triazole5-carboxamido]dimethyl- 

aminopropane (16). A su~penSi0n of PtO2 (10 mg) In a solution of 15 (420 mg. 1.43 mmol) in MeOH (15 ml) 

was stirred for 3 h under a current of Hz at room temperature. The catalyst was removed by filtration, then the 

solvent removed in vacuo. To a stirred solution of this amine and N,N-dilsopropylethylamine (0.268 mi, 1.54 

mmol) in CHzCiz (12 ml). a solution of the acid chloride ( l l ) ,  prepared from 10 (265 mg, 1.54 mmoi). in CH2CI2 

(12 ml) was added at 0%. The mixture was warmed up to room temperature and then the solvent was 

removed in vacuo. The residue was taken up with acetone to give a solid. Recrystallization from EtOH afforded 
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the amide (16. 321 mg. 54 %) as a HCi salt; mp 230-232°C. lr (KBr): 1710, 1670, 1555. and 1310 cm-1; IH 

nmr (200 MHz, DMSO-d6): 6 2.05 /2H, m), 2.90 (6H, s), 3.20, (2H, t J=8.0), 3.49 (ZH, m), 4.21, 4.38 (2X3H, s), 

8.99 ( lH .  br, NH) and 10.30 (IH, br, NH) ppm. Anal. Caicd for C ~ ~ H ~ ~ N ~ O O ~ . H C I - 1 1 4 H 2 0 :  C,37.06; H,5.14; 

N.33.24. Found:C,37.42; H,5.13:N,32.84. 

1,2,4-triazole-5-carboxamido)dimethylaminopropane (17). A suspension of Pt02 (10 mg) in a solution of 

16 (208 mg. 0.5 mmol) in DMF (10 ml) and MeOH (10 mi) was stirred for 3 h under a current of H2 at room 

temperature. The catalyst was removed by filtralion, then the solvent was removed in vacuo The restdual 

crude amno compound was acylated wth 11. prepared from 10 (129 mg. 0.75 mmol), by the same procedure 

as that described for 16. Recrystallization of the product from EtOH afforded the am~de (17, 60 mg, 22 % ) as a 

colorless powder; mp 173-176'C. lr (KBr): 1710, 1675. 1560, and 1320 cm-1; 1H nmr (200 MHz. DMSO-ds): 6 

1.90 (2H, m), 2.73 (6H, s), 3.06 (2H. t, J=7.0), 3.43 (2H. m). 4.15 (6H. s), 4.27 (3H. s). 9.01 ( lH ,  br, NH), 10.00 

(1 H. br, NH) and 11 0 5  (1 H, br, NH) ppm. Ms mlz Calcd for C17H24N1405(M+): 504.2051. Found: 504.2043. 
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