
Tehkdron Vol 41, No 35, pp 1459-1464.1991 oo4o-4020191 $3 cat 00 

Rmed III Great Brmm 0 1991 Pcrgllmon Press plc 

Reactivity of 4(7)-Aminobenzimidazole as a Bidentate 

Nucleophile. 

A. Marcos, C. Pedregal and C Avendailo* 

Departamento de Qufmica Organica J Farmachica de la Facultad de Farmacia, Universidad 

Complutense 28040-Madrid, Spain. 

(Recetved zn UK 4 June 1991) 

Key Words. 7H-Inudazo[lJ,4-efl[l ~]benwduueptn -4-ones, 4(7)-Ammo- bennnudazole. &dentate nucieophrle. 
Nttrogen bndged heterocycles 

Abstract- Reactlvtty of 4(7)-ammobennnndcuole as a brdentate nucleophde has been mvesngated 
7-H-Imuiazo [I 5,4-efl[l5] bensodtazepm-4-ones or rnu&uo [45-h] qumolme denvatzves are obtmned 
wrth fioxoesters or &itketones respecavely 

It has been reported recently that several members of a novel series of 

1H-tetrahydromudazo[4,5,l-J,k][l,4]benzodrazepm-2-one and -throne denvattves (TIBO, I) mhrbrt the 

rephcatton of HIV- 1, the mrun aehologcal agent of AIDS 
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In this paper we report the synthesis of urudazo[ 1,5,4-ef [ 1,5]benzodnuepmes, which can 

be considered analogues of I, by condensanon of 4(7)-ammobcnzrmrdazole (2) wrth P-dlcarbonyl 

compounds, followrng a methodology prevtously studled for 1,2-dtanuno- benzmudazole2-4 

Through remvestrgauon of early reports based on Phrlhp’s benzmndazole synthesis5 , in 

whtch several expenmental detarls were abser&J, we have developed a reliable procedure for 

preparing 2 starung from commercial 2,6-dtnnroandme (Scheme 1). 

Alkylatton reachons of 2 seem to be governed by stenc effects and take place on the 

N1-nitrogen atom preferenhallyg, whrle acylauono and condensanon reacttons wtth aldehydes or 
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ketone@ selecavely occur on the amino group. However, as far as we know, no expenmental data 

about the react~q of 2 as a b&ntate nucleophlle have been reported. 

1 

Scheme 1 

Uncatalyzed reactlons of 2 with equlmolar amounts of P-oxoesters were regloselective, 

affordmg 7Klmldazo[ 1,5,4-ef [ 1,5]benztiazepm-4ones (3) m about 50% yield (Scheme 2). The 

products were easily separated from the starting 2 Only m the case of ethyl 

2-oxo-cyclohexanecarboxylate, could traces of the nunor isomer 4d be isolated and characterized 

R’-CO-CHR’-COOEt 
2 R2 

3a-3d 

conpound Fl’ R2 Yl% 

3a 
3b 
3c ~sfcfzkr 60 
3d 40 

Scheme 2 

The structural assignment of compounds 3 and 4d was based on the chen-ucal shift values of 

the benzumdazole protons (Table 1) 
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Table1 - lH-NMR chenncal shifts (relanve to TMS, DMSOd6). 

Compound &Ha &Hb 6-Hc 6Hd Other protons 

1* 

1 ** 

2 

3a 

3b 

3c 8 40 (s) 6 53 (d) 6 98 (t) 7 05 (d) 

3d 8.45 (s) 6 59 (d) 6.98 (t) 7 02 (d) 

4d 8 22 (s) 7 86 (d) 715(t) 730(d) 

8 26 (s) 7.96 (d) 7.17 (t) 7.17 (t) 

8 28 (s) 6 92 (d) 7.31 (t) 7.31 (t) 

7.80 (s) 6.65 (d) 6 30 (dd) 6.65 (d) 

8 44 (s) 6.66 (d) 704(t) 7 12(d) 

850(s) 671(d) 7 07 (t) 7.10 (d) 

12.57 (s, 1H); 10.33 (d, lH), 8.47 (d, 1I-I) 

12.57 (s, 1I-Q 10.25 (d, 1H); 9.69 (d, 1H) 

9 62 (s, H-I), 4.52 (s, HI), 1.99 (s,3H) 

9.55 (s, 1H); 4.54(s, El); 2.17 (t, 2I-I). 

1.63 (m, 2H); 0.97 (t, 3H) 

9.73 (s, 1I-I). 2.58 (m, 4H); 174 (m. 2H) 

8 93 (s, 1H); 2.32 (m, 4H); 1.56 (m, 4H) 

10 16 (s, 1H); 2.56 (t, 2H); 1.53 (t, 2H); 

0.87 (m, 4H) 

*as- Isomer; **bans- Isomer 

Two absorption patterns have been observed for Hb-Hd protons In one of them, 

corresponding to compounds 2 and 3, the chenucal shtfts of Hb protons, according to then nature of 

protons orfho to an “amline” motety, appear at 6= 6.5-6.7 ppm In the other, corresponding to 

compounds 1 and 4d, said proton is strongly deshtelded to 6= 6 9-8 0 ppm, according to the weaker 

electron-donor effect of the ortho “Annie” subshtuent. The chemical shift values found for Ha 

protons in compounds 3a-3d are also m accordance wttb the amsotropic lamagnenc effect of the 

C4=O carbonyl group The 1H-NMR spectrum of compound 1 shows a 1.1 mixture of CIS- and 

trans-isomers, clearly distmgtushed by the JH,H coupling constants found for the formanude 

subsutuent (1 59 Hz and 10 72 Hz respectively) 

The reactions of 2 wnh acetylacetone tn a molar ratio 1.5 gave compounds 5 (uncatalyzed 

reaction) or 6 (acid catalyzed) Compound 7 was obtamed as secondary product in both experiments 

No traces of mudazo[ 1,5,4-e,fl[ 1,5]benzoduuepmes were observed (Scheme 3) The cycltzauon to 6 

corresponds to d Combes synthesis for qumolmes 11 The acetamhde 7 is formed by hydrolyses of 5. 
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Scheme 3 

EXPERIMENTAL 

Meltmg points are uncorrected and were measured wtth a Bucht capillary meltmg pomt 

apparatus. JR spectra were recorded on a Perkin-Elmer 577 spectrophotometer and NMR spectra with a 

Varran VXR-300 (300 MHz) spectrometer (shrfts m ppm relattve to TMS). Microanalyses were 

performed wuh a Perkm-Elmer 2400 CHN analyzer 

A nuxture of 10 g (5.5 mmol) of 2,6duutroamlme, 11.08 g (49.2 mmol) of an (II) chlonde 

dehydrate and 16 4 ml of hydrochlonc actd, was mfluxed with sttmng for 5 h. After cooling to room 

temperature, 0 92 g (86%) of hs 1,2,Ztnanunobenzene hydrochlonde were collected by filuatton as 

colorless needles mp >300” (ht.** >3OO”C) After dtssolvmg thts compound 11110% NaOH (5 ml) and 

evaporatmg to dryness under reduced pressure, the tendual solid was extracted wtth ethyl acetate (50 

ml) After evaporanon of the solvent at reduced pressure, 0.57 g (98%) of 123-mammebenzene as 

free base, were obtamed mp 102-103T (lit. l2 103-104°C). 0.57 g (4.6 mmol) of 

1.23~tnammobenzene were refluxed for 1 h wuh 2.3 ml of 97% formtc actd. The tea-colored soluuon 

thus obtatned, was evaporated almost to dryness under reduced pressure, dissolved wuh heatmg tn 2 9 

ml of water and neutrahzed with ammonia After coolmg, the prectpltate was filtered and 

recrystalhzed from water wuh charcoal to gave 0 62 g (70%) of 1. mp* 173-175’C (ht7 172-174’ C) 

Hvdroiw of I ro 2.. 
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A soluuon of 0 52 g (3 2 mmol) of 1 in 12.2 ml of 10% hydroclonc acid was &luxed with stirring for 

30 mm After evaporation to dryness at reduced pressure, 0.65 g (99%) of bls 

4(7)-ammobenzumdazole hydrochlonde were obtamed. After &ssolvmg m 10% NaOH (3 ml), the 

concentrated solution afforded a sold, whch was extracted with absolute ethanol. Evaporation of the 

solvent at reduced pressure gave 0 41g (99%) of 2 as an 011, which was used without further 

punfication An analytical sample obtamed by &shUaaon had mp: 120-121°C (ht.‘3 1%121“c). 

tlons of 4(7)-j - 

Eqmmolecular amounts of 4(7)-ammobenzumdazole and P-ketoester were refluxed with 

stm-mg for 2 h. The obtained rmxture was cooled and filtered and the solid was pullfied by 

chromatography on silica gel. 

6-Methvl-7H-lmldazoT1.5.4-e.fl r 1 Ybenzodlazepm-4-one (3a) mp. >3OO”C (petroleum ether/ethyl 

acetate, 1 l), v (KBr) 1670 cm-l (C=O) Anal Calcd for CllHgN30 C, 66.33, H, 4.52, N, 21 10. 

Found C, 65 96, H, 4 37; N, 21 10 

6-Propvl-7H-~m~dazo~1.5.4-e.fl~1.5lbenzo&azepin-4-one Cm mp: >300°C (petroleum ether/ethyl 

acetate, l.l),v (KBr) 1670 cm-1 (C=O) Anal Calcd. for C13H13N30. C, 68 72, H, 5 72, N, 18 50 

Found C, 68 42, H, 5 82; N, 18.42 

$.6-tnmethvlene-7H-lm~dazo~1.5.4-e.fl11.51benzod~azep~n-4-one Qsj: mp: >300°C (chloroform), 

v(KBr) 1660 cm-l (C=O) Anal Calcd for C13HllN30: C, 69 33; H, 4.88, N, 18.50 Found C, 

69 01, H, 4 83, N, 18 48 

5.6-Tetramethvlene-7H-lmldazoT1.5.4-e.flll.5lbenzodiazepin-4-one (36) mp: >3OO”C (ethyl 

ether/ethanol, 8 2), v (KBr) 1640 cm-@O) Anal Calcd. for C14H13N30 C, 70 29, H, 5 44, N, 

17 57 Found C, 69 64, H, 5 22, N, 17 72 

4.5-Teuamethvlene-7H-~m~dazoT1.5.4-e.fl~l.5l~nzo~aze~in-6-one (46). mp* 143- 145’C (ethyl 

ether/ethanol, 8 2), v (KBr). 1720 cm-l(C=O) Anal Calcd for C14H13N30 C, 70 29; H, 5 43, N, 

17 57 Found C, 69 99, H, 5 40, N, 17 60 

Reactions qf 4/7Lamrnoben&zole wrth f%a 

a) A solution of 0 968 g (7 28 mmol) of 2 m 3.64 g (36 4 mmol) of acetylacetone was 

refluxed for 12 h with stlmng The reaction nuxture was punfied by column chromatography (silica 

gel) using EtOAc/EtOH (9 1) as eluent to give 0 31 g (20 %) of 5 and 0 14 g (11%) of 7 
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. . _ _ _ 7 : mp: 105-106° C, v (KBr): 1720 cm-l(O). 

Anal. Calcd. for Cl2Hl3N30: C, 66.98; H, 6.04; N, 19.53. Found: C. 66.85; H, 6.20, N, 19.20 

4(7)-Ace- : mp: 284-286’ C, v (KBr). 1650 cm-l (C=O). Anal Calcd. for 

CgHgN30: C, 61.70; H, 5.18; N, 23.99. Found: C, 61.38; H, 5.25; N, 23.69. 

b)A soluuon of 0.97 g of 4(7)-aminobenzmudazole (7.3 mmol) and 0.72 g (7.3 mmol) of 

acetylacetone m 3 ml of glacral acehc acrd was refluxed wnh snrrmg for 2 h. After coohng, the nuxmre 

of reacnon products was separated by chromatography III s&a gel usmg EtOAc/EtGH (9: 1) as eluent to 

grve 0 24 g (2 1%) of compound 6 and 0 15 g (11%) of compound 7. 

161-6.8-Dtmethvl-lmtdazoJ4.5-hwoline (@: mp: 287-288OC. Anal Calcd. for Cl2Hl lN3- C, 

73 09, H, 5.58, N, 21 37. Found: C, 72.68; H, 5.62; N, 21.48. 

w This work was supported by the spamsh CICYT (PA86-03 17) 
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