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It was found that cyclocondensation of (benzimidazol-2-yl)cyanamide with ~-diketones 
and B-ketoesters proceeds in the presence of ~-ketoenolates or nickel(2+) acetate 
with the formation of 2-aminopyrimido[l,2-a]benzimidazole derivatives. Protonation 
(deuteration) and methylation of substituted 2-aminopyrimido[l,2-a]benzimidazoles 
takes place at the N I~ atom, while acylation by carboxylic acid anhydrides gives 
the 2-acylamino derivatives exclusively. 

We have recently shown that Ni(2+) ~-ketoenolates catalyze the addition of B-diketones 
and ~-ketoesters to the C~N group of cyanamide or monosubstituted cyanamides [i, 2]. This 
path of formation of the C--C bond can be used for constructing heterocyclic systems. We 
have previously developed a convenient one-stage method of synthesis of functionalized pyri- 
midines from active-methylene groups containing ~-dicarbonyl compounds (DCC) and N-cyano- 
amidines [3]. 

In the present work, we studied the cyclocondensation of (benzimidazol-2-yl)cyanamide 
(I) containing a cyanoguanidine fragment with B-ketoesters and 8-diketones (see also the pre- 
liminary publications [4, 5]). In the presence of the corresponding Ni(2+) B-ketoenolates 
this process proceeds with the formation 2-aminopyrimido[l,2-a]benzimidazole (APB) derivatives 
(see schemes i, 2 and Tables i, 2). The optimal yields of APB are attained on carrying out 
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the reaction in a DCC medium using the equimolar amounts of (I) and Ni(2+) complexes. In- 
stead of the later, Ni(OAc) 2 can also be used; in such a case, although the APB are obtained 
in lower yields, the necessity of the preparation of Ni B-ketoenolates from the corresponding 
DCC is avoided. 
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The corresponding 2-amino-3-ethoxycarbonylpyrimido[l,2-a]benzimidazoles (IVa, b) were 
obtained by the reaction of (I) with ~-ketoesters (IIa, b). 

Scheme 2 
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The reaction of (I) with ~-diketones (Va, b) gives instead of the expected 2-amino-3- 
acylpyrimido[l,2-a]benzimidazoles (VIIa, b), their isomeric 2-acylaminopyrimido[l,2-a]- 
benzimidazoles (VIIIa, b) as the main products in yields of 81 and 54%, respectively. Only 
in the reaction of (I) with (Va), compound (VIIa), together with (VIIIa), was isolated by 
column chromatography in a yield of 7%. In the case of the reaction of (I) with (Vb) to- 
gether with (VIIIb), 2-amino-4-phenylpyrimido[l,2-a]benzimidazole (IXb) was also formed, and iso- 
lated by preparative TLC in a yield of 12%. The reaction of (I) with (Va, b) in the pre- 
sence of Ni(2+) salts or complexes can be used as a convenient method for the preparation 
of APB (IXa, b), if after the removal of excess DCC, the reaction mixture is treated at the 
boiling point with aqueous HCI with boiling, and then neutralized with NH4OH. The yield of 
(IXa, b) thereby reaches 80 and 65%, respectively. 

It should be noted that in the absence of Ni(2+) complexes or of Ni(OAc)2, APB cannot 
be synthesized from (I) and DCC, even on using acidic (TsOH) or alkaline (EtONa) catalysts 
(compound (I), is thus recovered from the reaction mixtures). On the contrary, Ni(acac) 2 
reacts in the absence of free DCC, with (I) with DMF at 130-140~ (the course of the process 
was monitored by IR spectroscopy from the disappearance of the absorption band vCm N ~ 2180 

cm-~). In this case, on boiling the reaction mixture with aqueous HCI and subsequent treat- 
ment with NH4OH, a mixture of compounds (VIIa) and (IXa) was obtained in a molar ratio of 
~1:2 (overall yield %30%). It is possible that, as in the case of the reaction of DCC with 
cyanamides, previously studied by us in [i, 2], the nucleophilic attack of the CH group of 
Ni(2+) B-ketoenolate at the C~N bond of (I) and the formation of intermediates (III) or (VI), 
which further cyclize with splitting of H20 into (IV) or (VII), play the key role in'pro- 
cesses (i) and (2). The possibility of the electrophilic activation of the C~N group by 
coordination of (I) with a Ni(2+) salt or complex also must be taken into account (the 
ability of compounds of the 2-aminobenzimidazole series to form complexes with transition 
metals is well known [6]). 

The structure of APB (IVa, b), (VIIa), (VIIIa, b) and (IXa, b) was confirmed by spectral 
methods (IR, IH and 13C NMR spectroscopy, and mass spectrometry). The mass spectra of these 
compounds show intense peaks of molecular ions. The IR spectra of compounds (IVa, b), (VIIa) 
and (VIIIa, b) include absorption bands of the CO groups in the 1710-1680 cm -I region. 

2356 



TABLE 2. PMR Spectra of 2-Aminopyrimido[l,2-aJbenzimidazole 
(APB) Derivatives 

APB 

(|\a) 

(IVb) 

(VJb,) 

(Villa) 

(V i l la )  

(Vl l lb )  

(V l l l c )  

(IXa) 

(iX~,) 

( lXb) 

(Xll) 

(Xllh,) 

(XIII b) 

Solvent PMR spectrum, ~, ppm 

DMSO- d 6 

DMSO-d~, 

DMSO- d 6 

DMSO- d 
6 

CD:~CO(ItJ 

CI)CI:~ 

DMSO-d 6 

DMSO-d 6 

CI):~CO()[~ 

DMSO- d 

DMSO-d 6 

DMSO-d 6 

DMSO-d e 

7.95 d {H,). 7.55 d (H6), 7,35 t (HT), 7,34 b r . s  (NH2), 
7,1.4t (Ha), 4,38 q (OCtlz). 3,00s (Me), 1.33t (C}t~Me) 
7.75-7,53 m (Ph and NHz), 7.50 d (its). 7.20 d (H6), 6,71 t 
(tt7), 5,59 t (148), 3.90 q (OCH~_), 0,70 :t(Me) 

7,93 d (tt~), 7.55 d (H,). 7.33 t (H7). 7,25 b r . s  (NH:t, 
7.13 t (tls), 2,85 s (Me). 2,57s (MeCO) 

11,15 s (NH), 8,13 d (tP), 7.75 d (H6), 7.73 s (tH), 
7.48 t (1t7), 7,3O t (HS), 3,02 s (Me), 2.t3s (MeCO) 

8,25 s (tt:9. 8.23 s (IP), 7.87 d (11~), 7,71 t (H7), 7.57 t 
(tt~), 3,17s (Me). 2,34 s (MeCO) 

9,04 s (Nil), 8.09 s (}p), 8,00d (2 o-lt(Ph)), 7,89 d (H"). 
7.78-7.50 m (81t phenyl ), 7,43 t (H~), 7,00 t (HT), 
6.1;5 d (It ~) 

11,4[i s (Nit), 8,14 d (tt '), 8.08 d (2 o-tl(Ph)), 7,87 s 
(IF'), 7,78 d (11~). 7,63t (p-H(Ph)), 7.53 t (2 m-ft(Ph)), 
7.J8 t(ltT), 7,3U t (Hs), 3,06s (Me) 

7.~:6 d (H."), 7,5t d (H6), 7,27 d (lit), 720 b r . s  (Nil:,), 
7,09 t(1t~),11.13 s (ITS), 2,82 s (Me) 

8.02d (}P), 7.68 d (H6), 7,56 t(t-17). 7,45 t (Hs), 6,7(I s 
(IF:), 2,95s (Me) 

7.75-7.56 m (Ph), 7,50 d (IP). 7,43 b r . s  (NII2), 7,17 t 
(1t~), 6.75t (117), 6.~7 s (IF'), 6,12 d (H,;) 

8J;7 b r , s  (Nil). 8 ,64hr .s  (Nil), 8,07 d (H~), 7,62 d 
(11"), 7,54 t (IU), 7.39 t (t]~), 6.57 s (1t:'), 2,89 s (Me) 

8,65 b r . s  (Nil), 8,62 b r . s  (Nit), 8.09d (He), 7,81d 
(t1~). 7.57 t (117), 7.42 t (tt~), 3,77 s (10-Me). 2,9! s 
(4-Me) 
11,91i s (Nil). 8,43 d (Hg), 8,20 s (}1:'), 8,t0 d (H6). 7,85t 
(117), 7.76t (t1~), 6.00s (I0-Me), 3,20s (4-Me). 2,2~;s 
(Mt,(;l;) 

The assignment of signals in high resolution IaC NMR spectra of compounds (IVa), (VIIa), 
(VIIIa, b) and (IXa, b) was carried out taking into account the SSCC, the multiplicity of the 
signals and on the basis of the spectra of the model compound - 2-amino-l-methylbenzimidazole 
(when necessary the method of the laC--{iH} double resonance was used). The 13C NMR spectra 
of (VIIIa, b) contain doublets of the C a atom. Thus, in the spectrum of (VIIIa), the signal 
of this atom is observed at 6 99.03 ppm (IJc3,H = 175.0 Hz), and in APB (IXa) at 6 98.06 ppm 

(IJc3,H = 170.0 Hz), while in compound (VIIa), isomeric with (VIIIa), this signal appears 
in the form of a broadened singlet at 6 111.93 ppm. 

The formation of compounds (VIII) from B-diketones (Va, b) and (I) can be represented as 
a result of the 1,3- (C ~ N) acyl migration in the molecule of ketene amimal (VI) or in the 
product of its intramolecular condensation (VII). However, the transformation of (VIIa) into 
(VIIIa) could not be obtained on boiling this compound for 12 h in xylene or for 2 h in (Va) 
in the presence of Ni(acac) 2 or its absence [(VIIa) practically does not change under these 
conditions]. Another probable path includes the protolytic C-deacylation of intermediates 
(VI) or (VII) with the formation of (IX) and carboxylic acid acylating (IX) under the reac- 
tion conditions at the Nil 2 group (see Scheme 3 on following page) . . . . .  

The following arguments can be presented in favor of this scheme. Firstly, it'is 
known that salts and complexes of transition metals are capable of catalyzing the protolytic 
C-deacylation of DCC [7] and diacylketene aminals [8]. Secondly, we found that the reaction 
of (IXa) with AcOH at 130-140~ proceeds readily with the formation of (VIIIa). Thirdly, 
compound (IXb) was isolated from the products of the reaction of (I) with (Vb). It must be 
admitted however, that the above considerations do not permit an unequivocal solution to the 
problem of the formation mechanism of compounds (VIII). 

Compounds of the 2-aminopyrimido[l,2-a]benzimidazole series have not yet been reported. 
The synthesis of 2-amino-3-ethoxycarbonylpyrimido[l,2-a]benzimidazole from 2-aminobenzimida- 
zole and ethoxymethylenecyanoacetic ester was reported in [9], but it was later proved that 
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Scheme 3 

. < \  

d/~-- N H 
...'~ x / '%  

1,3  ((-: - N )  - -  C() I~  " ~ ( "  ' - .=H.' i)  > (VII I )  

BC() H 
( x )  
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A 
FICO tt 

XI 

1.3 (C ~ N )  - -  C{)Ir  

- - H C ( ) C ) H  

l : I t : ( ) ( ) H  
IX) ) (VIII)  

- l l . : t )  

this reaction gives a mixture of 4-amino-3-ethoxycarbonylpyrimido[l,2'a]benzimidazole and 3- 
cyano-iH-pyrimido[l,2-a]benzimidazol-4-one [i0]. 

We studied certain transformations of APB: protonation (deuteration), methylation and 
acylation. 

On treating APB (IXa) with aqueous HCI, the hydrochloride (XII) was obtained, which by 
the action of NH~OH again gives the initial base (IXa). Salt (XII) was also isolated on 
boiling the N-acetyl derivative of APB (VIIIa) with aqueous HCI 

Scheme 4 

~//"'~, - -  N 1t + 

_ Me N 
I 
}I 

(XII) 

M e t h y l a t i o n  o f  APB ( V Z I I a )  and  ( I X a )  by t h e  a c t i o n  o f  MeI i n  MeOH p r o c e e d s  a t  20~ a t  
t h e  N a tom o f  t h e  b e n z i m i d a z o l e  f r a g m e n t  and  g i v e s  t h e  c o r r e s p o n d i n g  s a l t s  ( X I I I a ,  b)  i n  h i g h  
y i e l d s .  

Scheme 5 

(Villa), (1Xa) 

R = II (a), Ac (b) .  

+ 

' I- 

2. \ j 

Me N |4_it 
(XIII a, b) 

Compounds (XII), (XIIIa, b) are stable crystalline substances (for example, (XIIIa) 
does not change after 2 h at 100~ in a DMSO-d 6 solution). 

The mass spectra of salts (XIIIa, b) contain intense peaks of [M-HI] + and [M-HI-+Ie] + 
ions, while the spectrum of hydrochloride (XII) contains the peak of the [M-HCI] + ion. 

The regiospecificity of the protonation (deuteration) and methylation reactions of APB 
was confirmed by the spectral data (IH, 13C and iSN NMR spectroscopy). In the 18C spectra 
of (VIIIa) and (IXa) in CD3COOD a strong-field shift of the C sa atom is observed, compared 
with its signal in the spectra of these APB in DMSO-d6, by not less than 13.49 and 9.28 ppm, 
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TABLE 3. ~C NMR Spectra of 2-Aminopyrimido[l,2-a]benzimida- 

zoie (APB) Derivatives 

APB Solvent 13 C ~ spectrum , 6 , ppm (J, Hz)* 

,( I Va ) DMSO- d 5 

,(Vlla) 

(Yllla) 

(Villa) 

(Vl]Ib) 

(IXa) 

,(!Xa) 

,(ix b) 

(Xllla) 

2 -Amino - l- 
methylbenz- 
imidazole 

DMSO-d 

DMSO-d 
6 

CD:C()()I) 

DMSO- d 
6 

DMSO- d 

CI)aCOOD 

DMSO- d s 

DMSO-d s 

DMSO-d 

t65,42(CO), 157,19 (C1~ 151.32 ((>), t51,22 q (C 4, 
~Jc,. ~c = 7,{i), 145,22 d.d. (C'~'a), 128,88d.d. (csa), 
124,1;4 d 119,37 d.C:andCS), t17,37d (C9).114,82 d(c6), 
102.13 m ((:a), 61,67 t (CH2, ~dc, H : :  151,0), 18,54 q 
(Me. 17c, H=- 132,0), 1 3 , 7 2 q  (MeCH2, ~]c, H=127,0) 

201,51 (COL 155,61s (Cl0a), 151,69 s (Ca), 147,00 q 
(C4, ' 7o ,  ~le -= 6,0), i45,09d.d (c:~a), 128,94 d.d (c.~a), 
124,49d.d (~J(:. I I =  161,0, ~"]C, l i =  8,0), 119,36 d.d 
(~]c, l I =  161,0, ~'Yc, It 7,(I) ((Fand CS), 117,46 d.d (C ~, 
~Jc. H:= 162,o, ~'Jc, tt = 8 , 0 ) '  114,1i6 d.d (C ~, 1]c, H =  
:=]64,0, ~Jc, tl := 8,0), 1]1,93 'b r . s  (Ca), 32,29 q Me__C0, 
~Jc, H = 128,0), !8.13 q (Me, lJc, [ I -  132,0) 

170,16 (CI)), 15~.97s (cl~ 150,;5s (C~-), ~50,36 (Ca), 
144.46 d.d (cua), 127,,q8 d.d (Csa). 124,90 d, 120,16 d 
(C:andCS), t18,t2 d (CU}, 114,90 d(C6), 99,03 d (C a, 
~gc,, n, 175,0), 24,10q (MeCO), 20,45q (Me) 

174,22 (COL 11;0,26 (el~ ]55.77 (C:), 149,72 (Cat, 135,18, 
128,62 (C !'a and C:,a), 130,41,126,22 (Crand CS), 118,08, 
11(;,{i6 (C6andC~J, 105,{;8 (Ca), 25,89 (MeCO), 22,50 (hie) 

166,60 (CO), t55,29 (c1~ (C=), 149,87 (Ca), 144,49, 
(c"a), 133,1~, ]32,20, t32,05, ]30,68, q28,97, t28,08, 
128,0i (12C, 2Ph), 127,25 (CSd), 124,93, 119,91 (C 7 and Ca), 
118,56 (C9), 113,47 (C% 100,99 (C a , 1Jc, ' H = 176,0) 

160,62 s (c10a), 153,32 b r . s  (C=), 147,20,. (C a, SJo, H, = 
=3,3),  144,05 m 'lce'a), 128,56 ,n (csa), 123,72 d..d 
(~Jc, H =  t6t,0, aJc, I I = 7 , 0 ) ,  118,96d ,d (1Jc, H =  
=160,0, ~Jt:, II - 8.0), (C 7 andCSL 116,94 d.d ((F, ~JC~. H~  
= 162,0,~Jc, H =  8,0), 1t3,54 drd (C s, ~Jc, H :  164,0, 
~Jc, H = 8,0), 98,06 d . q . t  ( C3, ~Jo, H = 170,0, 
"VC,, Me = 4,9, aJc', NH~ = 5,5), 19,80 q.d (Me, ~Jc, [-t = 
~129,0, sJc, H = 5 , 0 )  

163,24s (c~~ 149,85" b r .d  (C~, =Jc,. H =6), t49,0t s(Ca), 
130,56d,d. 126,63d.d (C ua and C~a),127,37 d.d(~JC, H = 
=164,0),  124,06 d .d  (~]c, i t =  165,0), t15,21 d.d 
(~Jr H =  172,0), 1~3,30 d.d (~Jc H :  t69,0) (C~,C :, C a 

and C~'), 102,50 d (C a , ~lc*, II =: t'74,0), 19,91 q (Me, 
~Jc, u ~= 131,0) 

160,30 s (c~oa), 153,3~ br..s (Ca), 147,67 m (Ca), t44,50 d.d 
(c~a), 132,34 m(C~--Ph) , 130,43 d (p-CPh, aye, H = 
= 165,0), 129,00 d (ale. H = 162,0) 128,23 d ~Jc. H---- 
= 161,0, 2o-C and 2m-CPh), 123,56 d.d (iJc. H =  158,0), 
118,37 ~ d (~Jc, H = 159,0) (C ~ and CS), 117,32 _d.d (C ~, 
IJc. ~ = 159,0), 112,22 d .d  (C ~, ~]C, H = t64,0), t27,87 

(c~a), 99,36 d.d ( Ca , a Jc , =  171,0, aJc, NIt = 5 , 7 )  

1t;2,06 (c~~ 149,12 (C~), t47,8,5 (C~), t31,31, ~25,16 
(C~andC~aL 121;.39, 123,51 (C;andCS), t15,~4, 111,14 
(C a and C ~ ),]~ , 28,96(MEN), 20,03 (Me) 

155,37q ., 2 , = 8 , 5 ,  ( ' ] c '  Mea'~ Ca), 142,l~{id..d (2JG'3h It 

ate aa, u -- 5,5, Caa), 134,88m C'JcTa. H =: 8,5, 3yC TM. U:= 

= 7,0, C~a), 120,26d.d.(1Jc, H = 158,7, aJc, I-I = 7,3), 
118,00d,d (~7c, H :  159,9, 2j(:, t t : 7 , 9 )  (C~andCS), 
! 14,64 d. d (C 4, 1Jc4a, H = 159,3, 2Jo, H=- 7,3), tO7,29d.d 
((:7, 1]c: ' g = t60,5, 2s H = 7,9), 28,35 q (Me, 
1Jc, H = 139,2) 

*The SSCC and the multiplicity of the signals are shown in 

cases where they were necessary for making assignments. 
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respectively (cf. [ii]: the protonation of l-methylbenzimidazole at N ~ leads to a 10.13 ppm 
shift of the signal of the C 3a atom to a strong field). The PMR spectra of APB (VIIIa), 
(IXa) in CD3COOD and of the correNponding salts (XII), (XIIIa, b) in DMSO-d~, and also the 
IaC NMR spectra of (IXa) in CD3COOD and (XIIIa) in DMSO-d~ are similar to one another, which 
indicates a structural similarity of the protonated (deuterated) forms of these compounds 
and the products of their methylation (XIII). In the ISN spectra of salts (XII) and (XIIIa) 
in DMSO-d 6 (350C) triplets are observed of the Nil 2 group (6 = -278.35 ppm, zj = 90.0 Hz and 
6 = -274.71 ppm, ij 90.0 Hz, respectively), which excludes protonation or alkylation at the 
amino group. The PMR spectra of (XII) and (XIIIa) in DMSO-d6 reveal the nonequivalency of 
the NH 2 group protons, indicating the presence of a rotation barrier around the C2-NH2 bond 
as a result of delocalization of the multiple bonds (compare: the spectra of APB (VIIa) 
and (IXa, b) in DMSO-d~ contain only one signal of the NH 2 group). 

The reaction of APB (IXa, b) with carboxylic acid anhydrides in boiling xylene proceeds 
regiospecifically and leads to compounds with an exocyclic acylamino group (VIIIa, b) identi- 
cal to products isolated in the reaction of ~-diketones (Va, b) with (I) (see Schemes 2 and 
6). In a similar way, compound (VIIIc) was synthesized from (IXa) and Bz20 

Scheme 6 

(IXa, b) 

COl/1 

' k , ) , .  ; . . .  \ / 
Xylene ,  A N N N N N N 

)vik ) v \  )vk.. 
It NHCOtV B Nil 11 NIl 

(VIII ~,--c) (XIV) (XV) 
II = II*=Mo (a). II = l~1=-Ph(b),[~ = Me. I11= Ph (c). 

On the basis of the spectral data, structures (XIV) and (XV), alternative to (VIII), can 
be excluded. In fact, in the spectra of (Villa, b) there are signals of the C sa atoms with 
chemical shifts (CS) of 144.46 and 144.49 ppm, respectively, Table 3), which are very close 
in their values to the CS of C 9a in compounds (IVa), (VIIa), (IXa, b) (144.09-145.22 ppm). 
The IR spectra of (Vlllb, c) in CH2CI 2 show NH absorption bands in the region of 3410-3420 
cm -I (as known the NH signals of the imino group of the amidine system are usually observed 
at 3310-3330 cm -I [12]). 

The PMR spectrum of (Villa) reveals a deutero exchange in the 4-Me group, proceeding 
slowly in the solution of this compound in CD3COOD at ~20~ 

The method of constructing the pyrimido[1,2-a]benzimidazole system from DCC and (benzi- 
midazol-2-yl)cyanamide in the presence of Ni(2+) salts of complexes, discussed in the present 
work, is a novel example of the use of the strategy of chelate organic synthesis for the pre- 
paration of heterocyclic comopunds (see also [3, 13-15]). 

EXPERIMENTAL 

The PME spectra were recorded on a "Bruker WM-250" spectrometer, while the IaC NMR spec- 
tra of compounds (IVa), (Vlla), (Villa, b), (IXa, b), (Xllla) and the 15N NMR spectra of 
salts (XII), (Xllla) were taken on a "Bruker AM-300" spectrometer (the CS in the ISN NMR 
spectra were measured relative to MeNO 2 as external standard). The IR spectra were recorded 
on a UR-20 spectrophotometer. The mass spectra were obtained on a "Varian MAT CH-6" mass 
spectrometer. 

Cyanamide (I) was synthesized according to [16], and the Ni(2+) complexes of the ~- 
ketoesters according to [17]. 

2-Amino-4-methyl(phenyl)-3-ethoxycarbonylpyrimido[l~2-a]benzimidazoles (Va~ b) and 2- 
Amino-4-methyl(phenyl)pyrimido[l~2-a]benzimidazoles (Xla~ b). A mixture of 6 mmoles of (I), 
6 mmoles of Ni(2+) B-ketoenolate or acetate and 24 mmoles of DCC (lla, b), (Va, b) was 
stirred for 40 min in a dry Ar atmosphere at 130-!40~ In experiments with (lla, b), (Va), 
the excess DCC was removed in vacuo, and in the reaction with (Vb) by washing the reaction 
mixture with a hexane-Et20 (i:i) mixture. In the synthesis of (IVa, b), the residue remain- 
ing after removal of excess DCC was dissolved in 1.5 N HCI in EtOH at 30-40~ the solvent 
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was distilled off, and the residue was washed with a pentane-Et20 (i:i) mixture, a 25% NH4OH 
solution, and (IVa, b) was obtained~ In the synthesis of (IXa, b), the residue was boiled 
with 30 ml of aqueous concentrated HCI for 2.5 h (in the case of (Va)) or for 5 h (in the 
case of (Vb)). In the reaction with (Va), 25% NH4OH was added to the mixture (to pH ~8), 
the precipitate was filtered off, washed with a 25% NH~OH solution (to decoloration of the 
filtrate) and MeCN, and (IXa) was obtained (in the reaction using Ni(OAc)2, the crude 
product was crystallized from MeCN). In the synthesis of (IXb), the precipitate that 
separated out from the acid solution on cooling was filtered off, washed with Et20 and a 25% 
NH~OH solution, crystallized from DMF, and compound (IXb) was obtained. The crude products 
were dried in vacuo over P205. The analytical preparations were obtained by crystallization 
from a suitable solvent (Table i). 

The yields, physicochemical properties and elemental analysis data of compounds (IVa, b) 
and (IXa, b) are given in Table i. 

2-Amino-3-acetyl-4-methylpyrimido[l~2-a]benzimidazole (VIIa) and 2-Acetylamino-4-methyl- 
pyrimido[l~2-a]bgnzimidazole (VIIIa). As in the synthesis of (IXa), the reaction mixture 
obtained from (I), (Va), and Ni(acac) 2, after the removal of excess (Va) was heated with 5 ml 
of AcOH for 30-40 min at 60-70~ (according to the data of control experiments, APB (VIIa), 
(VIIIa) do not change under these conditions). After cooling, a 25% solution of NH4OH was 
added in small portions (to pH 8), the precipitate that separated out was filtered off, 
washed with a 25% NH4OH solution, and then with 5 • 7 ml of MeCN, dried in vacuo over P2Os, 
and (VIIIa) was obtained. The MeCN solvent was distilled off from the filtrate, and the resi- 
due was chromatozraphed on a column with SiO 2 40/100 ~m (eluent CHCI~-EtOH, i0:I), and com- 
pound (VIIa) was obtained (Rf 0.2) (Table i). 

2TBenzoylamino-4-phenylpyrimido[l~2-a]benzimidazole (VIIIb) and (IXb). As in the synthe- 
sis of (IXb) (see above), the reaction mixture obtained from (I), (Vb) and Ni(dbm) 2 was par- 
titioned on plates with SiO 2 Silpearl UV-254 (eluent CHCI3-MeOH, 20:1) and compounds (IXb) 
(Rf 0.2) and (VIIIb) (Rf 0.5) were obtained, yield 12 and 54%, respectively (Table I). 

Synthesis of (VIIa) and (IXa) from Ni(acac) 2 and (I). A mixture of 0~158 g (1 mmole) (I) 
and 0.257 g (i mmole) of Ni(acac) 2 in 2 ml of absolute DMF was heated under Ar for 45 min at 
130-140~ The solvent was distilled off under vacuum (l torr), the residue was boiled for 2 
h with 5 ml of concentrated HCI. The solvent was distilled off, the residue was stirred for 
2 h with i0 ml of a 25% NH4OH solution. The precipitate was filtered off, washed with water, 
and dried in vacuo over P205 to give 0.070 g of a mixture of (VIIa) and (IXa). According to 
the PMR spectral data in DMSO-d 6, the yields were Ii and 22%, respectively. 

2-Amino-4-methylpyrimido[l~2-a]benzimidazole Hydrochloride (XII). a) Synthesis of (IXa). 
A 1 ml portion of concentrated aqueous HCI was added to a suspension of 0.232 g of (IXa) in 
i0 ml of MeOH, and stirring was continued for i h at 20~ The solvent was distilled off, 
and the residue was dried in vacuo over P2Os. Compound (XII) was obtained (Table i). 

b) Synthesis of (VIIIa). A solution of 0.600 g of (VIIIa) in 7 ml of concentrated aqueous 
HCI was boiled for 2 h. The solvent was distilled off, and the residue was dried in vacuo 
over P2Os. Compound (XII) was obtained (Table i). 

Synthesis of (IXa) from (XII). A suspension of 0.469 g of (XII) in 5 ml of a 25% solu- 
tion of NH4OH was stirred for 30 min, then filtered and washed with H20. After drying in 
vacuo over P2Os, 0.341 g (86%) of (IXa) was obtained. 

2-Amino-4~10-dimethylpyrimido[l~2-a]benzimidazolium Iodide (XIIIa) and 2-Acetylamino-4- ~ 
10-dimethylpyrimido[l~2-a]benzimidazolium Iodide (XIIIb). A suspension of 2 mmoles of (VIIIa) 
or (IXa) in 20 ml of MeOH was stirred with i ml of MeI for 24 h at 20~ A 40 ml portion of 
Et20 was added, the precipitate of the salt was filtered off, and compounds (XIIIa) 6r (XIIIb) 
were obtained. 

Synthesis of ~ [a) from (IXa). a) A mixture of 0.198 g (i mmole) of (IXa), 0.153 g 
(1.5 mmoles) of Ac20 and 0.095 g (1.2 mmoles) of Py in 25 ml of xylene was boiled for 6 h. 
The solvent was distilled off, the residue was washed with Et~O, and compound (VIIIa) was 

obtained (Table i). 

b) A solution of 0.050 g of (IXa) in 0.6 ml of AcOH was heated for 30 min in a sealed 
ampul at 130-140~ AcOH was then distilled off in vacuo (i torr). Compound (VIIIa) was 
obtained in 83% yield. 
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Synthesis of (VIIIb) from (IXb). In a similar way as in the synthesis of (VIIIa), com- 
pound (VIIIb) was obtained from (IXb) and Bz20 (Table i). 

2-Benzoylamino-4-methylpyrimido[l~2-a]benzimidazole (VIIIc). In a similar way as in the 
synthesis of (VIIIa, b), compound (VIIIc) was obtained from (IXa) and Bz20 (Table i). 
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