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4-Athoxycarbonylaminochinuclidin (1h) wurde nach Fischer & Grob [6) bzw. Mikhlina et al.
[8] hergestellt. Hydroperchlovat: aus Athanol Nadeln vom Smp. 218-219°,

C1oHCIN,O, (208,72)  Ber. C40,21 H 6,41 N938%  Gef. C40,3¢ H6,41 N9,55%

Die pKy-Messungen wurden, wic in der vorangegangenen Mitteilung beschrieben, durch-
gefihrt und ausgewertet [1] (vgl. Tab. 1).

Die Verbrennungsanalysen verdanken wir Herrn E. Thommen, die NMR.-Spektren Hecrrn
K. Aegerter.
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255. Electron Transfer Spectra of the Hexachloro- and
Hexabromoniobate(V) and Tantalate(V) Anions?)

by Mario Valloton and André E. Merbach
Institut de chimie minérale et analytique, 3, Place du Chateau, 1005 Lausanne

(4. TX. 74)

Summary. The electron transfer spectra of the hexachloro- and hexabromoniobate(V), and
-tantalate(V) anions are investigated with particular care to avoid hydrolysis products. New
interpretations are given, and the optical electronegativities y of Nb(V}) and Ta(V) are recalculated.
The difference between both y values is 0.2, in better agreement with the differences observed for
metals of the second and third transition series.

1. Introduction. — During the past few years a series of papers have been pub-
lished by our group dealing with the NMR. study of the structure, the relative
stability and the kinetic behaviour of adducts of niobium(V) and tantalum(V)
halides with Lewis bases2). Preliminary to a study of the charge transfer spectra
of these compounds we consider it necessary to reinvestigate the hexahalides of
niobium(V) and tantalum(V). The published data [2-4] for these compounds are
not consistent in reason of their great sensitivity to humidity.

For these systems MO theory gives the energy level diagram reproduced in Fig. 1.
The relative energies of the ligand = levels has led for a long time to controversy
[5-7]. For large internuclear distances the twelve halogen s orbitals remain de-
generate; however, in general, the complex is contracted enough so that the de-
generacy is lifted. Two reasons account for the splitting of the sz levels. Firstly the
central atom forms binding molecular orbital with the halides; secondly, the ligand-

1) ’Abstracted from the Ph. D. thesis of M. Valloion, University of Lausanne, 1974.
2) This paper is to be considered as part X of the series. Part IX: see [1].
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ligand interactions stabilize the linear combinations of the ligand = orbitals which
have the least angular nodal planes [8]. Moreover, one must also take into account
the fact that t;y is the only type of symmetry common to the ¢ and & orbitals. This
implies a destabilisation of the 2t;, orbitals, which possess a non-negligible ¢ contri-
bution. Finally, Henning et al. [7] have shown by measurements of the Faraday effect
that in IrCl; " the order of the energy of the & levels is the following:

Ttig > (T + o)ty > wtaw > ... (O + Wtiu.

In the hexabromides it is necessary to take into account the effects of spin-orbit
coupling. The splitting of the twelve halogen z orbitals has been studied in depth
by Jergensen [2] [5] [6]. Group theory shows that only the orbitals of t; and t, sym-
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metry are split by spin-orbit coupling. The question is now to express the energy of
the levels resulting from the spin orbit-coupling splitting with respect to unsplit
levels as a function of the Landé parameters of the ligand and of the metal. We know
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that for the metal 2ty level, a tygd configuration behaves as a function of {nq in the
same way that pS—d varies as a function of {np [10]. Thus 2tse is split into 3ug at
—1/,¢ng and 2eg at +na. In a general way by reason of the nephelauxetic effect {na
is smaller in a complex than in the corresponding free ion. The 2ty molecular orbital
comes from a linear combination of the metal atomic and the halide orbitals. The
spin-orbit coupling of the latter must therefore influence that of 2ty and it is ex-
pected that this spin-orbit splitting will be more pronounced in the hexabromides
of Nb(V) and Ta(V) than in the corresponding hexachlorides.

The splitting of the 1tsg, 1tay, 2ty and 1, levels is principally due to the contri-
bution of the ligand’s spin-orbit coupling. The Landé parameters for the neutral

gaseous atoms are: .
Cl: f3p = 0.59 kK DBr: §yp = 2.46 kK. (1)

The spectrum of NbClg shows that the energy difference between the 1ty and 2t34
levels is of the order of 10 kK. This difference is clearly greater than the Landé para-
meters for chlorine and bromine. For this case Jorgensen [11] has shown the following
splitting of the levels in the hexahalide complexes

u’ at +1/48np e” at +1/2lnp
ty: ty: (2)

e at —1/3lnp u’ at —1/4lup.

The effective value of {np has to be estimated for each split level. For 1tz and 1tay
which are not bonding, { will be close to the value given in (1). For 1tsg there will be
a contribution from the metal d orbitals of corresponding symmetry. For 2ty,, the
metal p orbitals may theoretically have an influence. However, in reason of the great
energy difference between the components of the molecular orbital, this influence
will be small3). The o contribution in 2tyy (7% + o) diminishes the spin-orbit coupling
of this level, because the ¢ orbitals are not split [12].

The splitting of the ligand 7z levels in IrBr; ~ has been determined from the elec-
tronic spectrum of this compound measured at 4 K [9]. The energy difference be-
tween the two levels arising from spin-orbit coupling is 1.78 kK for 1t;5; and 1.08 kKK
for 2t;y. We can see that for non-bonding levels, {pp is close to the value given in
(1). The smaller value in 2t;, is due to a ¢ contribution.

2. Results and discussion. — 2.1 The hexachlorides. Et, NNbCl; and Et,NTaClg
were first prepared by Adams et al. [13], and their IR. and Raman spectra are weil
known [14] [15]. The existence of NbCly in acetonitrile has been shown by conductiv-
ity [12], and the UV. spectra of NbCl; and TaCly was studied by different authors
in the same solvent [2—4]. The UV. spectrum of CsNbClg was also known [16]. We
prepared NbCly and TaClg by reaction of the pentachloride with Et,NCI in ace-
tonitrile. The energies and the assignment of the electron transfer bands are com-
pared in Table 1 and our spectra are given in Fig. 2.

3)  Recent high resolution MCD work by Schatz et al. [24] suggests that in several hexahalides
the 2t;y orbital may Dbe split morc than was previously thought, probably as a result of
mixing in (n + 1)p on the central metal.
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Table 1. Electronic absorption spectva and assignements of the hexachlovoniobate (V) and -tantalate (V) anions in
acetonitrile (energies in kK, and gmax - 1072 in parentheses)

1t1g—> thg 2t1u—> 2t2g 1t2u—> 2t2g ltlu—> 2t2g Unassigned
NbClg Jovgensen®) [2] 31.5 sh 43.5 35.5
Jovgensend) [6) 31.5 sh 35.5 43.5
FurlaniP) ef al. [3] 28.2 sh (4.0) 31.6sh (15.5) 34.3 (39.8) 41.5(10.0) 48.8(12.0)
Brisdon et al. [4]  28.7 sh {<2.0) 31.7sh («<15.0) 34.2 (37.5) 41.7 (8.8)¢)
Our values 28.9 sh (<2.0) 31.8sh (11.4) 34.5(28.9) 41.4 (6.4)
TaClg Brisdonetal. [4]  29.9sh (vw); 31.8 (<2.0) 34.9 (<9.0) 38.0 (40.0) 41.3 (50.0)
Our values 34.8 (5.8) 38.0 (23.8) 41.5 (38.0) 49.5 (11.0)

3)  Same experimental data, assigned before and after Henning ef al. work on IrClg_ [71.
b) Spectrum unassigned by Furlani ef al.
¢) Band unassigned by Brisdon ef al.

€[i mote”! em™]

30000+

20000+

50 45 40 35 0 25 v[kK]
¥ig. 2. Absorpiion spectra of NbClg and TaClg in acetonitvile

In the hexachlorides the ligand-ligand interaction is not the only possible reason
for the multiplicity of the z — tye transitions. The excited configurations give rise
to several states, but only the transition towards the 1Ty, state are symmetry and
spin allowed [3-5]. Moreover since the two unpaired electrons lie on two different
atoms, the states coming from a same excited configuration will have almost the
same energy [6]. In the case of NbCly our results agree well with those of Furlani et al.
[3) and Brisdon et al. [4]; the band measured at 48.8 kK in [3] is due to the partial
hydrolysis of the complex [18].

In the case of TaCl; we made the same observation as Brisdon et al. [4], except
for two trausitions of low energies and intensities (¢ < 2000) described by these au-
thors, which did not appear in our spectra. Our assignments are different: the most
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intense band of the spectra is assigned to 1tay — 2tsg by analogy with NbCly ; Brisdon
et al. left this band unassigned.

Until now the most energetic band of the spectra of NbCly and TaClg has not
been discussed. One can think of the transfer of a ligand = electron to Zeg, or to the
transition 1tiy — 2tge. In the first alternative the energy difference between the
transitions i > 2tpg and w — 264 is equal to 10 Dq, if one assumes that the Coulomb
integrals J(m, 2tgg) and J(m, 2eg) are equivalent and if the exchange integrals are
neglected. To evaluate 10 Dq one must also know from which ligand z level the
electron is excited in the = — 2eg charge transfer. The transfer 1t;; — 2eg can be
excluded on the basis that the w — 2e, transitions are less intense than 7 — 2tsg [12].
The intensity of 2t14(7r + o) — 2ey is difficult to predict, the ¢ and & contribution
calling respectively for an increase and a decrease of intensity with respect to
2t14(7T + 6) — 2tg. If we assign the most energetic band of Fig. 2 to 2t;, — 2eg we
obtain 10 Dq values of 9.6 kK for NbCly and 10.4 kK for TaClg. These are too small
in comparison with the d-d transitions in the hexachloroniobate(IV) which appears
around 20 kK [19]. The assignment of this band to 1ty — 2eg would give still smaller
values for 10 Dq. Moreover we have shown that in the octahedral adduct of NbCly
and TaCl, the ligand field splitting is of the order of 20 kK [22].

The second alternative, 1ty, — 2tse, seems more plausible. An energy difference
between the ligand ¢ and z orbitals of 10 to 15 kK is generally observed from the
electron transfer spectra [6]. On the other hand, the band intensity agrees with the
fact that o - 2tyg is less intense than sz — 2tsg [12]. The experiment confirms the
predicted order of intensities:

ltgu ——>2t2g > 2t1u(7t + O') —)Ztgg > 1t1u(0 + T[) —> 2t2g.

Table 2. Electronic absorption spectva of the hexabromoniobate (V) and -tantalate (V) anions in aceto-
nitrile (energies in kK, and emax * 1072 in parentheses)

NbBry: Furiani et al.®) [2] 21.5 sh (0.4) [3ug—> tog]; 23.8 sh (1.6) [3ua—> 2tag]; 26.7 (10.0)
[en—> 2tag]; 29.0 (20.0 [2uy—> 2t2g]; 37.6 (20.0) [3u,—> 2eg];
45.8 (50.1) [2uy— 2eg)

Brisdon et al.b) [3] 17.1sh (=0.1) and 20.0 sh (< 1.0) [3ug—> 2t24]; 23.0 (3.1) [3u g~ 2teg];
27.0 sh (<7.0) [eg— 2tag]; 28.8 (10.0) [2uy— 2t2g]; 32.9 (4.1);

36.2 (5.3)
Brisdon et al.®) [3] 17.0 (vw);21.0sh (<7.0); 22.6 (11.8);26.9 (30.0); 35.3 (10.5) ; 43.7 (23.6)
Our values) 17.0 (0.3); 21.3 (3.8); 22.8 (6.3); 27.2 (29.4); 35.7 (6.5)

TaBrg: Brisdon et al.t) [3] 22.2 (<0.45) [3ug—> 2tag]; 261 (8.2) [3ug—>2tagl; 29.8 sh (20.0)
[e%— 2tag]; 31.9 (43.0) [2ua—> 2tag); 33.6 (38.0); 36.9 (vw)

Brisdon et al.e) [3] 22.2 (<3.0); 25.8 (8.0); 30.0 sh (<18.0); 31.7 (36.0); 33.0 (32.0)
Our valuesd) 22.7 (0.7); 26.0 (7.9); 29.8 sh (15.0); 32.0 (34.7); 33.6 (32.5); 41.7 (6.8)

a)  Assignements of Jforgensen [6].

b}  With excess bromide.

¢} Without excess bromide.

d) Assignements: see text and Fig. 3.
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The fact that the second allowed transition is more intense than the first one indi-
cates that 2t;, is more energetic than 1tsy. The order of the ligand energy levels is
the same as found by Henning et al. [7] for IrCl; .

2.2 The hexabromides. Et, NNbBr, and Et,NTaBr,; were prepared [4] [20] and the
IR. and Raman spectra studied [14]. Their electron transfer spectra were measured
in acetonitrile [3] [4]. Our experimental results are compared with the latter in
Table 2, and our spectra are given in Fig. 3. The assignments will be discussed later.

In the case of NbBr; only the spectra of Brisdon et al. measured without excess
of bromide are comparable to ours. Furlani et al. recognize that Et,NNbBr, is es-
pecially air sensitive and that NbOBry~ is often present in solution; according to
these authors the spectra of fresh solutions of NbBr, in CH,CN distilled several
times over P,0; and Na,CO, are reproducible and change slowly towards NbOBr;
which has the following bands:

v [kK] 26.7 29.8 328 4538
¢ [Imol~tem=1 1600 5000 0000 3200

1> [; mole™ cm'y

30000+

200001

10000+

0 .
40 235 on o 0 25 20 v[kK]
€ ®le 7 s TaBr;
13
Flb
. ) 1 (3 . .
40 35 30 25 20 v kK]
7”n owo
€ NbBr,
3 8 76 5
1 [y 20
40 35 30 25 20 v[kK]

Fig. 3. Absorption spectra of NbBrg and TaBrvg wn acetonitrile. At the bottom: predicted transitions
from the semi-quantitalive diagram of Fig. 5
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Brisdon ef al.’s results differ whether or not there is an excess of bromide. They
discarded the values without excess bromide thinking that there was a reaction with
the solvent in this case. Our spectra with or without excess of bromide are identical
to that obtained by Brisdon et al. without excess of bromide. As a function of time
our spectra change: the large band at 27.1 kK diminishes in intensity, when the
band observed by Furlani & Brisdon at 29.0 kK appears and increases (Fig. 4). The
band at 35.6 kK diminishes and those at 38.2 and 33.0 kK appear. The entire spectrum
changes towards those supposed by these authors to be the spectrum of NbBrg ; in
other words it is changing towards that of NbOBr, . The older assignments of Table 2
lose their interest because they concern spectra of partially decomposed NbBry.
Unfortunately Brisdon et al. did not use the spectrum measured without excess
bromide which was less decomposed than the spectrum retained for interpretation.

In the case of TaBry we observed no decomposition and our results are the same
as those of these authors independent of the excess of bromide.

35 30 25 20 [kk]

Fig. 4. Evolution of the NbBry spectrum as a function of time

The interpretation of the spectra of NbBry and TaBr, is complicated by splitting
of the levels due to spin-orbit coupling. In Fig. 5 we have built up a semi-quantitative
energy level diagram for these complexes. As a first step we have determined the
shift of the ligand levels with respect to the metal level when passing from the hexa-
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chloride to the hexabromide. This shift can be obtained from the optical electro-
negativities of Cl- and Br—. But we prefered to use the experimental energy difference
between the transition 1tyy —> 2tee in MCly and MBr; (M = Nb, Ta), for a given
metal. Moreover the 1t;y level, essentially ¢ bonding, is not split by spin-orbit
coupling and can be considered as non-bonding owing to the great energy of the
metal p orbitals. The energy shift amounts to 5.7 kK for Nb and to 8.0 kK for Ta, in
good agreement with the difference in optical electronegativities for Cl- and Br—.
For the ligand z levels it is known that the ligand-ligand interactions are equivalent
in the hexachloride and hexabromide complexes [5]. Moreover we assume that the
stabilisation of 1t;y, 234 and 1ty is similar in both compounds and that the same
is true for the destabilisation of 2tye. All the ligand levels are therefore shifted by
the same amount on going from MCl; to MBrg.

The spin-orbit coupling must now be considered. In the ground state no level is
split for these d° complexes: the levels are either filled or empty. In the excited state
however one electron is lacking in a ligand level and an electron is present in Z2t,gq,
Hence these two levels are split by spin-orbit-coupling, which gives rise to four pos-
sible transitions. The amount of splitting of the 1t,e, 1tey and 2t;, levels was obtained
from the expressions (2) and from the results of Bird et al. [9]. The empirical Landé
equation [10] gives for {nq of the Nb*+ and Ta*t isolated ions: 0.84 kK and 2.38 kK
respectively. Experimentally one obtains 0.5 kK for the free Nb#+ ion [23]. As a first
approximation we use this latter value to estimate the splitting of 2ty in NbBrg.
We recall that {q should be smaller in the complex than in the free ion and that in
the case of 2t,g, this parameter is influenced by the spin-orbit coupling of the ligand.
Due to the lack of an experimental value of {54 for Ta%+, we have used the empirical
Landé value multiplied by the ratio {4q (measured)/l(calculated) for Nbi+,

The transition energies predicted according to the discussed assumptions are
reported at the bottom of Fig. 3 in order to be compared with the experimental
spectra. The reported intensities are similar to those observed for the same transi-
tions in the hexachlorides. The great number of theoretically possible transitions
show that it is illusory to propose too precise assignments. The first shoulder and the
first peak of NbBrg arise from the transitions 1t;g —>2tsg and 2t;y —> 2,4 respectively.
The overlap of these two types of transitions is greater than expected. It is probably
due to a destabilisation of 3u, through interaction with 2u; of the same symmetry
which induces a shift of bands 5 and 6 towards lower energies. The most intense
band is assigned to 1tgy —> 2tse. In the case of TaBry, the first peak is attributed to
1tg — 2tsp with probably some contribution of 2t;y —> 2ts. The large shoulder
comes mainly from the latter transition, when the two intense peaks have essentially
1tyy — 219 for origin. The fact that the predicted energies are a little too high may
come from possible stronger ligand-ligand interactions in the hexabromides than in
the hexachlorides.

The general aspect of these spectra shows that the spin-orbit coupling is less
important in NbBrj than in TaBrg. In fact, surprisingly, the spectra of NbBrg is
not more complicated than that of NbCl;. By looking to the spin-orbit coupling for
each level separately we have assumed that the transitions with spin change were
allowed; this is particularly true when the coupling is important. It may be possible

148
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that in the hexabromides, especially in NbBr,, these transitions remain partially
forbidden which simplifies the spectrum?).

Jorgensen [6] suggested assigning the transitions of the NbBry spectrum with
energies higher than 30 kK to transfer of electrons from ligand & levels to 2eg. This
assignment which implies a 10 Dq value of about 12 kK can be excluded. Indeed the
d-d transitions appear between 15 and 20 kK in NbBr;~ [19] and the spectrum of
the octahedral adduct NbBry - Me,Sc shows a 10 Dq of the order of 17 kK [22]. One
expects therefore to find the 2t;, — 2eg transition between 40 and 50 kK for NbBrg
and TaBrg. A band is effectively observed around 48 kK for NbBrg. The exact
location cannot be known precisely, the bromide absorbing in this region. This
transition is intense (¢ > 104), which indicate the importance of the ¢ contribution in
2t1u.

2.3 Optical electronegativities. The optical electronegativities y of niobium(V) and
tantalum(V) can be calculated from the spectra of their hexachlorides [6] [17]. Be-
fore the measurements of Henning et al. [7] the first parity allowed transition was
used for the calculation. Knowing now that 2ty, is higher in energy than the non-
bonding 1ts,, it is better to use the second parity allowed transition?®) for the calcula-
tion. There are two reasons for the discrepancies between ours and the published
values (Table 3). Firstly the previous calculations used the first allowed transition,

Table 3. Optical electronegativities of niobium (V) and tantalum (V)

Jorgensen [6] Brisdon et al. [4] Our values
Niobium (V) 1.85 1.94 1.85
Tantalum (V) 1.80 1.84 1.62

secondly some assignments and experimental results are questionable. The charac-
teristic of our values is a greater difference between the optical electronegativities of
niobium and tantalum. This difference of about 0.2 is more consistent with that
usually observed when passing from the second to the third series of transition
elements. In the octahedral 1:1 adduct of NbCl, and TaCl; with dimethylsulfide and
-selenide, the chalcogen-metal charge-transfer is shifted by 5 kK from Nb(V) to
Ta(V). This implies a difference of 0.17 in y vatues [22]. Knox & Brown [19] observed
in the spectra of Nb(NCS)g and Ta(NCS)y a shift of 4.7 kK by changing the metal,
which corresponds to a Ay of 0.16.

Although it is difficult to locate precisely the 1ty — 2ty transition in the hexa-
bromides it is interesting to estimate the y(M+3) values using y(Br-) equal to 2.8.

4 One can predict that in MCl; only the symmetry allowed transitions 'Ajg—> Ty, will be
intense. If the spin-orbit coupling is small in the complex, only 1Ay g — 1Ty 4 will be important,
1A1g— 3T1y being spin forbidden. The statc T4 being unsplit (S = 0), the spectrum is
simple. Tf the spin-orbit coupling becomes more important then the intensity of 1Ay 5 — 3Ty
increases, 3Ty being split (S = 1), the spectrum is more complex.

5)  Strictly speaking, the optical clectronegativity should be calculated for each ligand orbital
separately and referred to the baricentre of cach excited configuration.
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Taking 27.2 kK and 33 kK for the energy of the 1ts, — 2ty transition in the hexa-
bromides we obtain respectively: y(Nb+?) = 1.89 and y(Ta*%) = 1.70.

The transition 1ty, —> 2tgg, visible in the four spectra, allows us to calculate y,,
for the chloride and bromide:

%,(CI7):  3.23(Nb)  3.27 (Ta)
1,(Br):  3.04(Nb)  3.01(Ta)

In these last calculations we used the y(M?*+) values obtained in the chlorides
which are more precisely known.

Experimental Part

The work in dry atmosphere, the preparation of the solutions, the purification of NbCl;, TaCl;
and acetonitrile are described in [21]. The purification of NbBr; and TaBr; is given in [1].
Et,NCI - 5H,0 and Et,NBr {Fluka, purum) were dried over MgSO, - ZH,O in chloroform, and
recrystallised in the same solvent. Microcells UV-O2 of Research and Instruments Co. provided
with teflon TU'V-OTA spacers of 7.1074 to 10~! cm thickness were used. To exclude decomposition
due to unavoidable traces of impurities (especially water) in the solvent, the concentration of the
complexes were higher than 10—2M. Before each measurement, the cells were dried one hour under
102 mmHg and introduced under vacuum in the dry box. The spectrometers Beckmann DB-G,
DB-GT and ACTA V were used.

We are indepted to Dr. W. Ludwig for discussions and helpful advice on the interpretation
of the spectra. We thank Mr. D. Zbinden for technical assistance. We acknowledge the generous
support of the Fonds national suisse de la vechevche scientifique through grant 2.0490.73.
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256. Synthese von Pyrimido[1,2-a}benzimidazolen durch Umsetzung
von 2-Aminobenzimidazol mit Acetylendicarbonsiiure-dimethylester
und ihre Uberfiihrung in Imidazo[1,2-a]benzimidazole

von Franz Troxler und Hans Peter Weber

Sandoz AG, Pharma-Departement, Chemische Forschung, Basel, Schweiz

(23. VILI, 74)

Summary. The main product of the reaction between 2-aminobenzimidazole and dimethyl
acctylenedicarboxylate is shown to be methyl 1, 2-dihydro-2-oxo-pyrimido[1, 2-a]benzimidazole-4-
carboxylate (6), which can be methylated at position 1 to give 7. Catalytic hydrogenation of 7
leads to the 1,2,3,4-tetrahydro derivative 8, whereas NaBH, reduces the ester and, to some
extent, the double bond to yield a mixture of 9 and 10. When a 1-substituted 1,2-dihydro-4-
hydroxymethyl-pyrimido[1, 2-a]benzimidazol-2-one (for cxample 11) is catalytically hydrogenated,
the double bond is unaffected, but hydrogenolysis of the alcohol group occurs instead to give 13.
The lactam group is less stable in the tetrahydro series than in the dihydro compounds. For
example, the lactam is cleaved when 8 is treated with amines containing a small amount of water,
and the monoamides 16 and 17 are formed. Similarly, sodium hydroxyde cleaves the lactam
under mild conditions to the dicarboxylic acid 19, which can be converted to 2,3-dihydro-
1-methyl-2-oxo [1Himidazo [1,2-a] benzimidazole-3-acctic acid (4-methyl)piperazide (20) with
thionyl chloride and N-methylpiperazine. However, when 7 is treated with methylamine at low
temperature, the amide 22 is formed, whilst at room temperature the amine attacks both the
ester and the double bond to give 23. The structure of 8 was confirmed by X-ray analysis.

Pyrimido[1, 2-a]benzimidazole waren bisher zuginglich durch Kondensation von
2-Aminobenzimidazolen mit Malonestern [1] [2], §-Diketonen [2] [3], 8-Ketoestern
oder funktionellen Derivaten davon {2] [4] [5], «,f-ungesittigten Carbonsiurederi-
vaten [6] [7] oder Acetylencarbonsidureestern [4] [6] [7]. In den IFillen, wo die Kon-
densation zu zwei isomeren Tricyclen, z.B. 1 und 2, fithren kann, erfolgte die Struk-

1) 1
ca85 8,8ppm 71 7.7ppm
i »1 i /1 ﬁir"s
1 A 5

Y In CDCL, [7].





