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Abstract

The regioselectivity outcome of 7-(or 8 and 9)amino-1,5-benzodiazepin-2-ones
cyclization reaction by Doebner—von Miller quinoline synthesis was estimated using the
calculation of an average local ionization energies on molecular surface at the level of

Density Functional Theory (DFT).
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Introduction

Benzodiazepines and their polycyclic derivatives are known as medically active
synthetic substances [1]. The quinoline ring system derivatives are important as
antimalarial agents [2]. In the literature [3] we have described the synthesis of novel
annelated heterocyclic systems, bearing 1,5-benzodiazepine as well as quinoline nucleus,
from variously N, and Ns substituted amino-1,5-benzodiazepinones employing Doebner—
von Miller quinoline synthesis. In this experimental work 7-(or 8 and 9)amino-1-R'-5-R*-
4-methyl-1,3,4,5-tetrahydro-2H-1,5-benzodiazepin-2-ones 1la-h (schemes 1-4) were used
as starting amine components to prepare annelated heterocyclic derivatives. The
cyclocondensation was accomplished by the reaction of amines la-h with dimethyl-2-
oxoglutaconate in a single step. A number of properly substituted tetracyclic 4H-
[1,4]diazepino[3,2,1-hi]pyrido[4,3,2-cd]indole and tricyclic 1H-[1,4]diazepino[2,3-g](or
[2,3-h])quinoline derivatives were prepared 2a-c, 3d,e, 4f, 5g . It was outlined that the
structure of obtained cyclization product depends on the position of primary amino group
and on the substituents of diazepine ring.

For example 1-alkylsubstituted amines la-C in the reaction with dimethyl-2-
oxoglutaconate afforded tetracyclic tetrahydro-4H-[1,4]diazepino[3,2,1-hi]pyrido[4,3,2-
cd]indole derivatives 2a-C ( scheme 1). So the pyrido ring closure in 7-aminoderivatives

1a-c takes place at 6-position of the benzodiazepine moiety.
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Scheme 1.

When 7-amino-5-alkyl-substituted benzodiazepinones 1d,e were treated with
oxoglutaconate (scheme 2) the cyclocondensation proceeds at 8-position of the bicyclic

heterocycle and linear tricyclic diazepinoquinolines 3d,e were obtained.
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Scheme 2.



Analogously, cyclocondensation of 8(or 9)-aminoderivative 1f,g with oxoglutaconate
(scheme 3) under the same conditions gave linear [1,4]diazepino[2,3-g]quinoline 4f and

angular [1,4]diazepino[2,3-h]quinoline 5g, respectively.
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Scheme 3.



On the other hand, the reaction of 7-amino-5-acetylsubstituted benzodiazepinone 1h with
oxoglutaconate under parallel reaction conditions did not take place, and the starting Ns-

acetylsubstituted amine 1h was recovered.
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Scheme 4.

Moreover the synthetic work presented in [3] evidently pointed out that the
formation of new pyrido ring takes place at ortho-position according to the primary
amine group of the starting compound. However, the regioselectivity features of
cyclization reaction for unsymmetricaly substituted aromatic amines remains

unpredictable [2,4].

Results and Discussion

So far as we have described [2] the synthesis of novel heterocyclic systems from
variously N, and Ns substituted amino-1,5-benzodiazepinones 1a-h employing Doebner—
von Miller quinoline reaction, that leads to the formation of new pyrido ring and takes

place at ortho-position according to the primary amine group of the starting compound.



In the current work we are presenting the investigation of electronic structure of the
starting aminosubstituted benzodiazepinones with the succeeding explanation of
regiochemical outcome of the studied cyclization process. The theoretical investigation of
electronic structure of the starting variously N; and Ns substituted amino-1,5-
benzodiazepinones 1a,b,d.g,h was executed in order to get more insight into the nature of
the studied cyclization process.

The use of a molecular surfaces, based on the molecular electron density has a long
tradition in the qualitative interpretation of chemical reactivity [5,6]. The best indicator of
electrophilic attraction is provided by the local ionization potential map, an overlaying of
the energy of electron removal (ionization) onto the electron density. Sjoberg P. et al and

Politzer P. et al introduced the local ionization energy potential (I(r))[7,8], defined as:

| poi(r) is the electron density of the i-th molecular orbital
I(r)= Z% (MO), and &; is its energy.

(

p(r)

Murray J. S. and Politzer P. et al have discussed properties of the local ionization energy
in detail and showed that it describes the electron donor properties of the molecule
directly [8-10]. Results reported by Clark T. et al suggest that the local ionization energy
can represent the visualization of reactivity properties of the aromatic substrate and the
regioselectivity of the electrophilic substitution [6]. Also in the same publication it was
shown that the absolute reactivity can be judged from the values of the local ionization
energy at the m-surface of the aromatic compound. Luo J. reported that the DFT method

provides more convenient and accurate way to calculate electron density surfaces and to

estimate the ionization energy of a large molecular system than earlier proposed Hartree

Fock method [11].



Since we are considering the synthesis of novel polycyclic systems accomplished by
Doebner—von Miller quinoline synthesis method, noteworthy to say that cyclization
reaction involves a stepwise mechanism and one of the steps is based on electrophilic
addition to the aromatic ring [2-4]. This step determinates the regiochemical outcome of
the reaction. Hence, our goal was to estimate the mostly reactive aromatic sites for an
electrophilic attack. Therefore we used local ionization energy surfaces calculations, and
attempted to show its applicability in predicting the most reactive sites and relative
reactivities for electrophilic attack in aromatic part of the reactants.

In this study, we have computed I(r) for a series of N;- and Ns-substituted amino-
1,5-benzodiazepinones 1a,b,d.g,h. These results have been discussed here in relation to
the experimentally observed reactivity behavior of those molecules [2].

The DFT level of theory with B3LYP functional and 6-311G* basis set has been
used to calculate I(r) on the three dimension surfaces corresponding to the contour of
constant electronic density equal to 0.002 and 0.025 electron/bohr’ [6,13,14]. In the
literature [6,15] it has been shown that those contours give physically reasonable
molecular dimensions and reflect molecular features such as bond formation, electron
lone pairs, etc. Therefore, those surfaces can be useful to study molecular shape and the
interactions of molecules with other molecules. The surface of value 0.002 electron/bohr’
shows the outer edge of the molecule that is close to van der Waals surface. About 90%
of the molecule electron density is inside this surface. The value 0.025 electron/bohr’
displays a surface that indicates the electron density on the m-electron surface of the
aromatic compounds. Our calculation results show that the local ionization potential
calculated on the surface defined by the 0.025 electron/bohr’ contour better permits to
predict the direction of most reactive aromatic sites of compounds for an electrophilic
attack. Therefore in this article we are presenting calculation results based on 0.025

electron/bohr’ value surface.



Table 1 presents optimized geometries of 1a,b,d,f,g,h and shows local ionization
energy surface maps I(r) plotted on the molecular surface of those heterocycles. The
regions with red color represent the locations on the molecular surface where electron
removal goes (with minimal energy) most easily. So the lowest average locations on local
ionization energy maps I(r) are found on ortho-positions with respect to the aromatic
primary amino group. The smallest I(r) values (Imin) are also presented in the table 1. Imin
values are the points at which the least amount of energy is required to remove electron
from the surface, thus these sites are expected mostly reactive towards electrophiles.

The lowest average locations of I(r) for 7-amino substituted 1a,b are found on
molecular surface over aromatic Cs and Cg atom. Furthermore as the Inin value is smaller
for Cs position than for Cs it suggests the greater propensity of ring cyclization at Ce
position. In experiments with 7-aminoderivatives la-c the pyridoring closure was
observed at 6-position.

The smallest Inin values for 7-amino-5-methylsubstituted 1d located above the Cs
atom. It shows the Cs-directing ring closure tendencies. Accordingly, experimental
cyclocondensation of benzodiazepine 1d proceeds at 8-position.

In the case of 7-amino-5-acetylsubstituted derivative 1h the lnin values are greater
than those of 1a,b,d. Also the colored molecular surface shape of 1h shows that aromatic
ring is deactivated toward the electrophilic attack. Experimentally, the reaction of amine
1h with oxoglutaconate did not lead to the cyclized product. These findings reflect the
deactivating tendencies of acetyl group in 1h for pending reaction. While the calculation
results for 1a,b,d compatible with activating effects of N;- and Ns-alkylsubstituents in

diazepine skeleton.



Table 1. Calculated local ionization energy surfaces I(r) on the molecular surfaces defined by
the contour of constant electron density equal 0.025 electron/bohr?® and the smallest I(r) values
(Imin) for carbon atoms of aromatic ring and N atom of primary amino group for compounds

la,b,d,f,g,h

No Optimized geometry Local ionization energy Imin (€V)
surface I(r) (eV) *

la
N-15.55
Ce—15.53
C,—-17.32
Cs—16.50
Co—16.55
1b
N-12.48
Ce—13.07
C—15.32
Cs—13.89
Co—14.25
1d
N-15.98
C¢—16.46
C—17.32
Cs—16.00
Co—16.30




Continuation of Table 1

No Optimized geometry

Local ionization energy
surface I(r) (eV)

Imin (CV)

1f

19

1h

N-12.48

C¢—14.30
C’-13.60
C*—15.30
C’-13.89

N-12.71

C*—13.67
C’-14.26
C*—13.65
C’—15.65

N-18.95

C¢—18.70
C'-19.14
C*—18.50
C’—19.06

* Color ranges for I(r), in eV: from red 11.25 to blue 25.72. B3LYP functional and 6-311G*

basis set.
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The calculated Inin values for 8-aminosubstituted 1f show that the smallest value located
on C; carbon are consistent with the tendencies of ring closure at the C; position. The
same consequence of calculated and experimental results is in accordance for 9-

aminoderivative 1g where the smallest values are located at Cg-position of aromatic ring.

Summarizing, our results suggest that the reaction behavior is governed by the
difficulty of electron removal (ionization) from the definite m-electron density surface
regions of molecules defined by the contour of constant electron density equal to 0,025
e/bohr’. In addition, I(r) and Imn values are indicative for the calculation of relative

activating and deactivating tendencies of the aromatic ring in the studied compounds.

Computational details

A conformational search was performed using Molecular Mechanics Force Field to
identify the lowest-energy conformer for each structure of N;- and Ns-substituted amino-
1,5-benzodiazepinones la,b,d.g,h [13]. The lowest-energy conformer structures were
further optimized using quantum mechanics at the DFT level of theory with B3LYP
functional and 6-311G* basis set [14]. This basis set then has been used to calculate I(r)
on the three dimension surfaces corresponding to the contour of constant electronic

density equal to 0.002 and 0.025 electron/bohr’ [6,13,14].

11



Acknowledgements

The calculations described in this paper were supported by the European Commission, project
BalticGrid-II, Lithuanian Ministry of Education and Science, LitGrid programme, and in part by
the Agency for International Science and Technology Development Programmes in Lithuania
(COST Action D37)

References

—_

o

10.

11

Katritzky, A. R.; Abonia, R.; Yang, B.; Qi, M.; Insuasty, B. Synthesis 1998, 1487.

Denmark, S. E.; Venkatraman, S. J. Org. Chem. 2006, 71, 1668.

(a)Janciene, R.; Stumbreviciute, Z.; Meskauskas, J.; Palaikiene, S. Chemistry of Heterocyclic
Compounds 2007, 43, No. 11, 1481. (b) Janciene, R; Stumbreviciute, Z.; Vektariene, A.;
Kosychova, L.; Klimavicius, A. K.; Palaima, A. and Puodziunaite, B. D. J. Heterocyclic
Chem. (2009 accepted in press).

Yamashkin, S. A.; Yudin, L. G.; Kost, A. N. Chemistry of Heterocyclic Compounds 1992,
28, No. 8, 845.

Murray, J. S.; Sen, K. Molecular Electrostatic Potentials: Concepts and Applications, 1st
Edn.; Elsevier Science:Amsterdam, 1996; pp 125-175.

(a) Ehresmann, B.; Martin, B.; Horn, A. H. C.; Clark, T. J. Mol. Model. 2003, 9, 342. (b)
Vektariene, A.; Vektaris, G.; Svoboda, J. ARKIVOC 2009, vii, 311.

Sjoberg, P.; Murray, J. S.; Brinck, T.; Politzer, P. Can. J. Chem. 1990, 68, 1440.

Politzer, P.; Murray, J. S.; Concha, M. C. Int. J. Quantum Chem. 2002, 88, 19.

Hussein, W.; Walker, C. G.; Peralta-Inga, Z.; Murray, J. S. Int. J. Quantum Chem. 2001, 82,
160.

Murray, J. S.; Abu-Awwad, F.; Politzer, P. J. Mol. Struct. (Theochem) 2000, 501, 241.

. Luo, J.; Xue, Q. Z.; Liu, W. M.; Wu L. J.; Yang, Z. Q. J. Phys. Chem. A 2006, 110, 12005.
12.

Spartan '06, Shao,Y.; Molnar, L. F.; Jung, Y.; Kussmann, J.; Ochsenfeld, C.; Brown, S. T.;
Gilbert, A. T. B.; Slipchenko, L. V.; Levchenko, S. V.; O’Neill, D. P.; DiStasio Jr., R. A;
Lochan, R. C.;Wang, T.; Beran,G. J. O.; Besley, N. A.; Herbert, J. M.; Lin, C. Y.; Van
Voorhis, T.; Chien, S. H.; Sodt, A.; Steele, R. P.; Rassolov,V. A.; Maslen,P.E.; Korambath,P.
P.; Adamson, R. D.; Austin, B.; Baker, J.; Byrd, E. F. C.; Dachsel, H.; Doerksen, R. J;
Dreuw, A.; Dunietz, B. D.; Dutoi, A. D.; Furlani, T. R.; Gwaltney, S. R.; Heyden, A.; Hirata,

12



S.; Hsu, C-P.; Kedziora, G.; Khalliulin, R. Z.; Klunzinger, P.; Lee, A. M.; Lee, M. S.;
Liang,W. Z.; Lotan, 1.; Nair, N.; Peters, B.; Proynov, E. I.; Pieniazek, P. A.; Rhee, Y. M.;
Ritchie, J.; Rosta, E.; Sherrill, C. D.; Simmonett, A. C.; Subotnik, J. E.; Woodcock III, H. L.;
Zhang, W.; Bell, A. T.; Chakraborty, A. K.; Chipman, D. M.; Keil, F. J.; Warshel, A.;
Hehre,W. J.; Schaefer, H. F.; Kong, J. ; Krylov, A. L; Gill, P. M. W.; Head-Gordon, M.;
Wavefunction Inc., Irvine, CA; Phys. Chem. Chem. Phys. 2006, 8, 3172.

13. Gaussian 03, Revision C.02, Frisch, M. J.; Trucks, G. W. ; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Montgomery, Jr., J. A.; Vreven, T.; Kudin, K. N.; Burant, J.
C. J.; Millam, M.; Iyengar, S. S.; Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani,
G.; Rega, N.; Petersson, G. A. ; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.;
Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li, X_;
Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts,
R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.;
Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V.
G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.;
Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.;
Cioslowski, J.; Stefanov, B. B; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R.
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.;
Gill, P. M. W_; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. A.; Gaussian,
Inc., Wallingford CT, 2004.

14. Kahn, S. D.; Parr, C. F.; Hehre, W. J. Int. J. Quantum Chem 1988, 22, 575.

13





