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PYRIMIDO[1,2-a1BENZIMIDAZOLE DERIVATIVES.
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Abstract- 1,2-Diaminobenzimidazoles react with malonic and B-ethoxymethylenemalonic

acid derivatives to give pyrimido[1,2—a]benzim1dazo1e derivatives.

Cyclization reactions of 1,2-diaminobenzimidazoles with B-dielectrophile reagents afforfed saven-

or six-membered rings. In a previous work1 we have shown that condensation with B-diketones and B-

keto esters is a good synthetic procedure to obtain 1,2,4-triazepin0[2,3—a]benzim1dazo1e derivatives.

Here we repart the chemical behaviour of 1,2-diaminobenzimidazoles 1 against malonic and B -ethoxy-

methylenemalonic acid derivatives.

The results obtained in the reaction of 1 with diethyl ethoxymethylenemalonate and ethyl ethaxyme-

thylenecyanoacetate are summarized in Scheme 1.
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Table 1: 1H Nmr data of compounds 1-6 { & values, TMS as internal reference).
Compound Solvent N-NH2 C—NH2 Arcmatic Protons Other Significative
Protons
2-Amino- DMSO-dE -- 6.05 6.65-7.10(H4-H7) -
benzimidazole?
2=Amino- DMSU-d6 - 6.01 6.598(s,2H,H4 ,H7} 2.21(s,6H,Me5,Mef)
5,6~dimethyl-
benzimidazole®
la? DMS0-d,, 5.47 6.11 6.60-7. 15 (H4-H7) -
162 DMS0-dg 5.49 6.03 6.96(s,2H,H,H7) 2.25(s,6H,Me5,Me6)
2a? DMS0-d - 6.09 6.95-7.70(m,4H,H4-H7)  8.80(d,J=13Hz,IH,
N-CH=C)
11.25{d,Jd=13Hz , 1H,NH)
2p° DMSO—d6 - 6.05 7.15(s,1H) and 7.35 2.20(s,3H) and 2.31
{s,1H) {H4 and H7) (5,34} {Me5 and Me6)
8.73(d,J=13.5Hz,1H,
N-CH=C)
11.21(d,J=13.5Hz,
1H,NH)
3a? DMSO-d6 -- 6.13 7.05-7.80(m,4H ,H4-H7) 8,65(d,J=13Hz,1H,
N-CH=C}
11.35(broad
signal,lH,NH)
3b¢ DMS0-d,, - 5.81 7.13(s,1H) and 7.21 2,29(s,3H) and 2,31
) (s,1H) {H4 and H7) (5,3H) (Me5 and MeB)
8.81(s,1H,N-CH=C)
43¢ DMSO-d6 6.20 - 7.48(m,1H,H7) 8.75(s,1H,H2)
7.63(m,1H,H8)
7.71(m.1H,H3)
8.55(m,1H,H6)
4p¢ PMS0-d 6.12 -- 7.46{s,1H,K9) 2.38(s,3H) and {2.39)
8.30(s,1H,Hs} {s,3H) (Me7 and Me8)
8.69(s,1H,H2)
Sab TFA-d - -~ 7.84-8.14(m,3H,H7-H9) 9.45(s,1H,H2)
8.51({d,J=8.3Hz,1H,H6)
5b& DMSO-d6 6.02 - 7.4(s,1H,H9) 2.35(s,3H) and 2.39
8.38(s,1H,H6) {s,3H) (Me7 and Me8)
8.98(s,1H,H2)
6a“ DMS0-dg -- - 7.60-7.78(m,3H,H7-H9)  8.60(s,1H,N-CH=C]
8.74(d,J=3Hz,1H,H6) 9.00(s,1H,H2)
9.66(broad
signal,IH,NH)
6bb DMSO—dﬁ -- -- 7.55(s,1H,H9) 2.39(s,6H,Me7 ,Me8)
8.67(s,1H,H6) 8.51(s,1iH,N=CH=C)
8.96(s,1H,H2)
4 60 MHz; B 200 MH,; € 300 MHz.

Heating at 95%C led to good yields of monocondensation preducts 2a-b and 3a-b, which were thermally

cyclized to the corresponding pyrimido[l,z-a]benzimidazo]es 4a-b and 3a-b respectively. When the

— 268 —



HETEROCYCLES, Vol 37, No. 2, 1990

condensation reaction was carried out at higher temperatures {160°C), mixtures of the monacondensa-
tion products 2 (or 3) and the cyclized derivatives 4 {or 5) were obtained together with small
amounts of the double-condensation products 6. It is interesting to remark that, due to the greater
reactivity of ethyl ethoxymethylenecyanoacetate, isolation of the intermediates 3a-b required a
strict control of the reaction temperature, and that cyclization of 2 and 3 to seven-membered rings
was here precluded.

Structural assignment of compounds 2-6 was mainly based on lH-nmr data. As it is shown in Table 1,
the resonances of HE6 protons in compounds 4-6 appear at lower field values than those for H7-H%;
this can be attributed to the known paramagnetic anisotropic effect of the carbonyl or imino groups
at c4.16

Assignment of compounds 2 and 3 required to determine the position of the free NH2 groups. The con-
clusion that the free NH2 groups are placed on the C2 position of the benzimidazole system rather
than on N1 position arrived by using two different criteria. In the first place, previous works on

L and a]dehydes7

the reactions of 1,2-diaminobenzimidazeles with B-keto esters have proved that the
initial nucleophillic attack occurs on the N-NH, group leaving a free NH2 group on C2. This
criterion is supported by a comparison of the NH2 resonance values of compounds 2 and 3 with those

of a series of related ?-amino and 1,2-diaminobencimidazole systems (Table 1).

X
N
NS
CO-Et
1 A X=0; NH
SOW
N~"™~NH
|2 _coset 1 N . RSO
NH-CH=C R | -3 R ‘Al
R ’LI\TH COzE N ~NH-
l
2, R=CO,Et HU—'CH HC\R NH»
3 ; R=CN i
R1“@\—1 / 4 o5

Scheme 2

— 269 —




In accordance with the proposed structures for compounds 2 and 3 and with the fact that, neither

in the reactions described in this paper nor in previous condensations of 1,2-diaminobenzimidazoles,
direct formation of gftriazo1o[2,3-a]benzimidazo] derivatives has been cbserved {Scheme 2},
formation of compounds 4 and 5 can be explained by assuming that cyclization is preceded by
isomerization of 2 and 3 to the corresponding unisolated isomers bearing the R2 groups on the C-
amino mojety through an intramolecular Michael reaction (R2=Et02CCR=CH~, Scheme 2).

To our knowledge, compounds 5 and & are the first known C4=NH fixed tautomers of 4-aminopyrimido-
[l,z—a]benzimidazole systems, because only reactions of 2-aminobenzimidazole and ethyl cyancacetate
have been previously reparted. The absence of a substituent on N1O in these compounds explains
their existence as Cy-NH, tautomers, 3

Condensation of 1,2-diaminobenzimidazoles 1 with malonic ester derivatives were performec using
reaction conditions previously T'ound8 to yield 3-aryl-1,5-benzodiazepine-2,4-diones starting from
a-phenylenediamines. In this case, formation of seven-membered ring compounds was not abserved,

and compounds 7-9 were obtained instead (Scheme 3). The reactions of 1,2-diaminobenzimidazeles 1

with substituted malonates gave very low yields.
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Scheme 3

Although in this case the N-acylamino monccondensation intermediates have not been isolated,
formation of compounds 7 and § can be explained through a mechanism similar to that proposed for
the transformation of 2 and 3 into 4 and 5, involving the acylation of the N-amino group, followed

by isomerization of the intermediates thus formed to thefr C-acylamino isomers and cyclization.
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The transacylacion reaction involved in the N-amino —» C-amino isomerization is feasible, given
the unusually high electrophillic character that can be proposed for the carbonyl group of l-acyl-
amino derivatives of 1 on the basis of the found value for the carbonyl stretching vibration

{1730 cm'l) in the ir spectrum of compound 10, prepared by formylation of 8.

Among the three possible tautomers for compounds 7-10 (A-C), structure A is in accordance with
their lH nmr, ir and uv spectroscopic data. Structure type ( is rejected because of the absence of
signals corresponding to the H3 protons in the I nme spectra of compounds 8-10. The downfield

chemical shift values found for the H6 protons confirms the C4 carbonyl tautomer A and excludes B

(Table 2).
CH OH
° ﬁ? ]! R n H
I Owe OwSu
N SN"SoH N" SN0 W0
NHR2 HR2 NHR?2

Table 2: H Nmr data of compounds 7-11 in DMSO-d6 { 6 values, TMS as internal reference)

Compound N-NH, Aromatic Protons Other Significative
Protons
7a 5.5-6.5 8.40 6.80-7.65 5,20 {s,1H,H3)

(m,1H,HB) {m,3H,H7-H9)

gab 5.83 8.41 7.10-7.65 -
(m,1H,H5) {m,9H,H7 -H9,0H
and Ph protons)

9aP -- 8.39 6.98-7.86 4.83
(m,1H,H6) {m,14H,H7-H9,0H (s,lH,EtUZC-CﬁPh)
and Ph protons)
anb - 8.48 7.18-7.55 11.65 (s,1H,NH}
{m,1H,H6) (m,9H,H7-HI ,0H 8.57 (s5,1H,NHCHO)}
and Ph protons)}
1ta? - 8.55 6.90-8.00 12.00 (wide signal,
{m,1H,H6) (m,9H,H7-HI9,0H 1H,NH)

and Ph protons)

260 MHz; B 200 MHz.

The presence of a substituent in the position N10 of compounds 7-10 precludes the formation of

tautomers bearing a 10-10a double bond and therefore allows their use as model compounds in the
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study of tautomerism of pyrimido[1,2-a]benzim1daz0]-4-one derivatives. Thus, we reinvestigated the

reaction of 2-aminobenzimidazole with diethyl phenylmalonate following the procedure described by
Ridi and coworkerslo in order to establish unambiguously the structures of the 10-unsubstituted
analogues of compounds 7-10, for which contradictory assignments have been reported.g’10 On the
basis of the H nmr spectrum and uv absorption pattern found for the product thus obtained, which

were similar to those of compounds 8, we propose structure 11 instead of the reported p.10

i I
N Ph Ph
N o T OH
H H
b n

EXPERIMENTAL

Ir spectra were recorded on a Perkin-Elmer 577 spectrophotometer. A1l compounds were compressed
into KBr pellets. 4 Nmr spectra were recorded on a Perkin-Elmer R24-B (60 MHz), a Brucker AC-200P
(200 MHz), a Brucker WH 200-SY (200 MHz), and a Varian VXR-300 (300 MHz). Uy spectra were recorded
on a Shimadzu UV-visible recording spectrophotometer UV-2100. The solutions were in the range of
concentration of 10'5 M. Melting points are uncorrected and were measured on a Biichi capillary

melting point apparatus. The synthesis of compounds la-b is already reported.11

General procedure for compounds 2, 3 and 6.

A mixture of 1 mmol of the corresponding 1,2-diaminobenzimidazole 1 and 3 mmoles of diethyl
ethoxymethylenemalonate or ethyl ethoxymethylenecyancacetate was heated at 95 °C with stirring for
1 h. After cooling EtZO was added and the solid precipitated was collected by filtration and
recrystallized. When the same mixture of 1,2-diaminobenzimidazole and ethyl ethoxymethylenecyano-

acetate was heated at 160 OC, compounds 6 were obtained in low yields.

2-Aming-1-(2',2"'-diethoxycarbonylvynilamino)benzimidazole, 2a.

Crystals from MeOH, 70 % yield, mp 151-153 OC {dec). Ir; 3500-2700 (NH,, NH); 1685 (CO,Et); 1620
and 1590 {C=N, C=C) em™L. Uv A, MeOH (log £) 327, 261, 220 nm (4.88, 4.05, 4.59). Anal. Calcd
for CichigNa0ys C» 56.59; H, 5.69; N, 17.60. Found: C, 56.60; H, 5.73; N, 17.68.

— 272 —



HETEROCYCLES, Vol 31, No. 2, 1990

5,6-Dimethy]-2-amine-1-(2',2'-diethoxycarbonylvinylamino)benzimidazole, 2b.

Crystals from EtOH, 73 % yield, mp 178-180 °C (dec). Ir: 3400-2700 (NH, NH); 1695 (C02Et); 1595
and 1540 (C=N, C=C) cm_l. Uy Amax MeOH (Toge ) 335, 268, 218 nm (4.55, 3.98, 4.34). Anal. Calcd
for C17H22N404: C, 58.94; H, 6.40; N, 16.17. Found: C, 58.71; H, 6.27; N, 16.45.

2-Aming-1-(2'-cyano-2'-ethoxycarbonylvinylamino }benzimidazole, 3a.

Crystals from EtOH, 84 % yield, mp 178-179 °C (dec). Ir: 3300 and 3185 {NHs and NH}; 2200 (CN);
1685 (CO,Et); 1630 and 1590 {C=N and C=C) em™L. Uy Amax MeOH (Toge) 337, 219 rm {4.46, 4.21).

Anal. Calcd for C13H13N502: C, 57.55; H, 4.83; N, 25.81. Found: C, 57.34; H, 4.58; N, 26.15.

5,6-Dimethyl-2-amino-1-{2'-cyano-2'-ethoxycarbonylvinylamine)benzimidazole, 3hb.

Crystals from EtOH, 77 % yield, mp 191-192 °C (dec). Ir: 3600-2700 (very complex broad absorption
including NH, and NH stretching vibrations); 2200 (CN); 1685 (COpEt); 1610 and 1550 (C=K and C=C)
el Uy Amax MeOH (loge) 353, 268, 216 nm (4.64, 4.06, 4.80}). Anal. Calcd for C15H 7N505:

¢, 60.18; H, 5.72; N, 23.39. Found: C, 60.35; H, 5,57; N, 23.28.

Ethyl 4-imino-10-{2'-cyano-2'-ethoxycarbonylvinylamino)pyrimido h,E-a]benzimidazo]e-3-carboxy1ate,

ba.

Crystals from MeOH, 13% yield,mp 201-202 O {dec). Ir: 3340 and 3160 (wide absorption band =NH,
NH}; 2180 {CN); 1690 {CO,Et); 1660, 1650 and 1620 (C=N, C=C) em™l. Uv A, MeOH (log ) 355, 281,
258, 228 nm (4.21, 4.46, 4.48, 4.59). Anal, Caled for CigH1gNg04: €, 57.71; H, 4.B4; N, 21.20,

Found: C, 57.86; H, 4.60; N, 21.31.

Ethyl 7,8-dimethy1-4-imino-10-{2'-cyano-2'-ethoxycarbonxjviny1amino)pyrimido[1,2-a]benz1midazo]e-

3-carboxylate, 6b.
Crystals from EtOH, 7 % yield, mp 204-206 ©C (dec}. Ir: 3400-3100 (wide absorption band, =NH, NH};

2180 (CN); 1690 (COpEt); 1615 and 1580 (C=N, C=C) cm™l. Uv A MeOH (loge } 349, 268, 261, 216 nm
(3.70, 4.09, 4.13, 4.70). Anal. Caled for CpyH,,Ng0,: C, 59.705 H, 5.24; N, 19.89. Found: C, 59.50;

H, 5.20; N, 20.10.

General procedures to compounds 4 and 5.

A}.- Compounds 2 or 3 (1.5 mmol} were refluxed in 1,2,4-trichlorebenzene (10 ml) for 2 h. The

solution was cooled and the solid precipitated was collected by filtration and recrystallized.

Ethyl 4-oxo-10-aminopyrimido [1,2-a)benzimidazole-3-carboxylate, 4a.

Crystals from EtOH, 61 % yield, mp 266-268 ©C (dec}. Ir: 3300 (N-NHp}; 1700 (COzEt); 1690 {C0);
1625 and 1585 (C=C, C=N) cm'l. Uy kmax MeOH {log ) 336, 269, 241, 220 nm (4.22, 3.67, 4.14, 4.41).
Anal. Calcd for Cl3H12N403: C, 57.34; H, 4.44; N, 20.58. Found: C, 57.70; H, 4.76; N, 20.95.
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Ethyl 7,B—dimethy]—4—oxo—10—aminopyrimido[1,2-aIbenzim1dazo1e-3-carboxy1ate. 4b.

Crystals from EtOH-HZO, 63 % yield, mp 238-240 °C {dec). Ir: 3300 (N-NHZ); 1720 (COzEt); 1700 (C0);
1650 and 1620 (L=C, C=N) em i, Uy Anax MeOH {log =} 241, 246 223 nm (4.01, 3.97, 4.23). Anal. Caicd
for CyHigNgOz-H,0: C, 56.59; H, 5.69; N, 17.60. Found: C, 56.90; H, 5.31; N, 17.49.

Ethy] 4-iming-10-aminopyrimido{l,2-a]benzimidazole-3-carboxylate, 5a.

Crystals from EtOH, 70 % yield, mp 214-216 9C (dec). Ir: 3300 (N-NH5) ;5 1690 (CUEEt); 1535 and 1615
(C=C, C=N) em~1. Uv Amay MeOH (loge ) 355, 254, 220 nm (4.34, 4.28, 4.57). Anal. Calcd for
C13H13N502: €, 57.55; H, 4.83; N, 25.81. Found: C, 57.55; H, 4.73; N, 26.20.

Ethyl 7,8-dimethy1-4-imino-10-am1nopyrimido{l,Z-a]benzimidazo1e—3-carboxy1ate, 5b.

Crystals from ethyl acetate, 68 % yield, mp 281-283 OC (dec). Ir: 3300 (N-NHz); 1660 (COZEt); 1625
and 1570 (C=C, C=N) em !, Uy Amax MeOH (log €) 344, 269, 247, 223 nm (4.45, 3.99, 4.49, 4.71)
Anal. Calcd for C15H17N502; C, 60.18; H, 5.72; N, 23.39. Found: C, 60.24; H, 5.63; N, 23.18.

B}.- A solution of 5.2 mmol (0.7 g) of la and 5.2 mmol (1.13 g) of ethyl ethoxymethylenemalonate
in EtOH (20 ml1) was refluxed for 5 h. After cooling the precipitated solid was filtered and after
purification by column chromatography over kieselgel using ethyl acetate as eluent, compounds 2a

(11 % yield) and 4a (10 % yield) were obtained.

C}.- A mixture of 6.7 mmol (1 g) of la and 6.7 mmol (1.14 g) of ethyl ethoxymethylenecyancacetate
was heated neat in an oil bath at 120 °C for 1.5 h. After cooling the resulting yellow solid was
filtered to yield 1.73 g of a crude product whose nmr and ir spectra indicated the presence of
compounds 5a and 3a. The crude was recrystallized in EtOH and compound 5a was obtained in 21 %
yield. From the mother liquors the secondary product 3a was isolated and recrystallized in EtQH

(14 % yield).

General procedures to 7 and 8.

A).- To a solution of 1 mmol of 1 in 1,2,4-trichlorobenzene (10 ml}, 1 mmol of the corresponding
diethy] malonate was added dropwise. The solution was warmed under reflux for 2 h, After cooling,

the crude products were precipitated, filtered and purified.

2-Hydroxy-10-aminopyrimido[1,2-a) benzimidazol-4-one, 7.

Crystals from MeQH, 60 % yield, mp 257-259 OC. Ir: 3700-2300 (NHZ’ OH): 1680 (CO); 1610-1855 {C=C,
C=N) eml, Uv Ay MeOH (Tog c) 309, 281, 221 nm (4.03, 4.02, 4.58). Anal. Calcd for C10H8N402:
C, 55.55; H, 3.72; N, 25,91, Found: ¢, 55.24; H, 3.94; N, 25.56.

2-Hydroxy-3—pheny1-10-aminopyrimido[1,2-a]benzimidazo1—4-one, 8.

Crystals from MeCH, 5 % yield, mp 276-278 9C (dec). Ir: 3700-260C {NHp); 1660 (CO}; 1610 and 1600
(c=C, €=N) em~l. Uy X max MeOH (log e) 319, 258, 225 nm (4.43, 4.54, 4.80). Anal. Calcd for
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C16H12N402.4.5 HZO: C, 51.47; H, 5.66; N, 15.00. Found: C, 51.86; H, 5.36; N, 15.38,

B);- A mixture of 1 mmol (0.15 g) of 1 and 5 mmol {1.2 g) of diethyl phenylmalonate was refluxed
with stirring for 1 h. After cooling the solid precipitated was filtered and purified by column
chromatography over kieselgel using ethyl acetate:methanol (8:2) as eluent. Compounds 8 and 9 were

obtained in 5 % and 2 ¥ yield respectively.

2-Hydroxy-3-phenyl-10-(2'~pheny] -2 ' -ethaxycarbonylacetamida)pyrimide {1,2-a]benz imidazol-4-one, 9.

Crystals from MeOH/Et,0, mp 191-192 OC {dec). Ir: 3700-2400 {NH): 1725 (COZEt); 1660 (CO); 1615
and 1600 (C=C, C=N) cm i, Uv Anax MeCH (loge ) 307, 220 nm {4.25, 4.67), Anai. Calcd for
C27H22N405.4H20: C, 58.47; H, 5.45; N, 10.10. Found: C, 58.20; H, 5.43; N, 10.38.

2-Hydroxy-3-pheny1-10-formamidopyrimido [1,2-a) benzimidazol-4-one, 10.

Tre crude 8, was heated in an excess of formic acid and, after cooling, the precipitated solid

was crystallized. Crystals from DMF/HZO, mp 296-297 °C (dec), 15 % yield. Ir: 3600-2200 (NH}; 1730
(-NHCHO); 1650 (CO); 1600 {C~C, C=N} ecml. Uy Amax MeOH (log €} 312, 258, 223 nm (4.26, 4.36, 4.66),
Anal. Caled for C17H12N403: C, 63.74; H, 3.77; N, 17.49. Found: C, 6§3.72; H, 3.90; N, 17.47,

2-Hydroxy-3-phenylpyrimido[1,2-a]|benzimidazol-4-one, 11.

Crystals from formic acid, mp 300 °C (described 285 °C)10. Ir: 3600-2000 (very complexed broad
absorption including OH and KH stretching vibrations); 1650 {C0); 1600 and 1530 (C=C, C=N) em!
Uy kmax MeGH {log ¢) 310, 259, 224 nm (4.33, 4.56, 4.80), Anal. Calcd for C16H11N302: C, 69.30;
H, 3.99; N, 15.15. Found: C, 69,50; H, 4.12; N, 15,36,
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