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QUATERNARY SALTS OF ISOMERIC
1,5-, 1,6- AND 4,6-DIAZAPHENANTHRENES
WITH 1,2-DIBROMOETHANE

Abstract: The synthesis of quaternary salts of 1,5-, 1,6- and 4,6-diaza-
phenanthrenes  with 1,2-dibromoethane is described along with their
electronic structure and geometry optimization by CI AM1 method.

The UV spectra of the above salts have been compared with those of parent
diazaphenanthrenes.

Introduction

The present paper is a continuation of our research conceming 1,5-,
1,6- and 4,6-diazaphenanthrenes (dap) 1-3 and their derivatives. These
compounds are interesting for reactivity > and physicochemical properties >*;
they show antibacterial, and in some cases antineoplastic activities.>*
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The presence of two nitrogen atoms in the dap molecule
is responsible for their complexing properties ° as well as formation
of N - oxides'*"" and quaternary salts. '*

Quaternary salts of daps with iodomethane ®, diiodomethane ", with
phenacyl bromide and ethyl bromoacetate '* as well as with allyl iodide and
benzyl chloride " have been obtained and characterized. The salts of daps with
phenacyl bromide and ethyl bromoacetate '* are precursors of ylides, useful
in 1,3-dipolar cycloaddition reactions. '*'®

Quaternary salts of azaaromatics '’ are of interest as systems promising
in the construction of electronic devices '®, as model compounds for the
investigation of biomimetic processes '°, as dyes *, surfactants *' and pharma-
ceuticals. * These compounds are usually obtained from parent azaaromatics
in the quatemization reactions or from pyrylium salts by treatment with
a primary amine '’; in our experiments the first approach was used.

The present work deals with quaternary salts of 1,5-, 1,6- and 4,6-daps
with 1,2-dibromoethane, i.e. 5-(2-bromoethyl)-1,5-diazaphenanthrene bromide
4, 6-(2-bromoethyl)-1,6-diazaphenanthrene bromide 5 and 6-(2-bromoethyl)-
-4,6-diazaphenanthrene bromide 6.
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Results and discussion

Reactions of daps with 1,2-dibromoethane have been performed in
benzene medium using a 16-fold excess of the quaternizing agent;
the yields of the obtained 4-6 range between 30.8 and 37.5%.
The structure of 4-6 has been confirmed by 'H NMR, MS and elemental
analysis data.

The geometry of 4-6 was optimized with the use of CI AMI method;
the values of bond lengths and angles are given in Table 1. The total
and binding energy values of 4-6, along with dipole moments are presented
in Table 2 and their electronic structure in Fig.1.
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The UV spectra of 4-6 have been recorded in 1,2-dichloroethane solution
and compared with those of parent 1-3. ® The experimental UV values
are given in Table 3 and the differences between wavenumber values of 4-6
and those of 1-3 in Table 4. The UV spectrum of 4 is shown in Fig.2.

In quaternization of 1,5- and 1,6- daps with 1,2-dibromoethane the
nitrogen atoms N5 and N6 are more reactive than those in | position due to
steric reasons; the reactions lead to 4 and 5, respectively. This fact is in
accordance with our earlier observations of higher reactivity of unshielded
nitrogen atoms in other quaternization reactions of 1,5- and 1,6-daps *"* and
in their N - oxidation. ®

In the case of 4,6-dap both nitrogen atoms are similarly accessible,
however only N6 undergoes quaternization with 1,2-dibromoethane affording 6;
the same behaviour was found in reactions of 4,6-dap with diiodome-
thane "°, phenacyl bromide '* and ethyl bromoacetate. '°

In the consideration of geometry of 4-6 optimized by Cl AMI method,
in the cyclic system the highest discrepancies from the bond length and angle
values usual to aromatic species are found in both azaaromatic rings, due to
presence of nitrogen atoms. The longest bonds are to be found for CB-Cy
positions and the shortest ones - for N-rerr Ca positions of pyridine rings. For
4-6 the highest angle values are for a positions of pyridine rings; in 1 and 2 this
angle is larger in the side azaaromatic ring than this in the middle one.

For the 2-bromoethyl group of 4-6, the bond length values
are higher than for cyclic system, and increase in the order
N-C11<Cl11-C12<CI2 - Br.

In the electronic structure of 4-6, the highest effective charge values are
found at positions a and y of pyridine rings and the lowest ones in B positions.
The highest total energy value, i.e. the lowest stability is found in the case of 3,
the sequence for total energy and binding energy values being 2 <1 <3.

The lowest core interaction energy was calculated for 3
and the highest for 2 isomer, the dipole moment values lie between
5.090 - 7.099D, the sequence is 4 <5 <6.

Having in view the experimental UV results of 4-6 it was observed that
log € of a bands is lower than in the case of p and B bands, and log € of B band
is the highest, except for 5, where it is slightly lower than that of the p band
(Table3).

In comparison of the wave number values of 4-6 with those
of parent daps 1-3 B for all compounds 4-6 the red shifts are observed in the
case of p and B bands, while in a bands of 4 and 5 the blue shifts are found
(Table 4).
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The deshielding influence of 2-bromoethyl group is seen in
'H NMR spectra of 4-6 as compared with those of parent 1-3 daps; in 4 and 5
the signals of H6 and HS5 as well as those of H4 and H7 are shifted down-
field 7; in 6 also the downfield shift of signals of H1 and H10 is observed '°.

Experimental

Melting points determined on Boetius apparatus are uncorrected. The
progress of reactions has been watched with the use of tlc on 60F 254 silica gel
(Merck) precoated DC aluminium sheets.

The 'H NMR spectra have been registered on the Varian 500 MHz
spectrometer in (CD);SO using SiMe, as internal standard. The mass spectra
have been made on LKB-2091 (70 eV) spectrometer.

The calculations have been made on IBM Pentium 166 computer, using
Hyper Chem 4.5 program. The UV spectra have been recorded on the UV-vis
Specord Zeiss-Jena spectrophotometer using 1,2-dichloroethane as a solvent
(c=10"*M).

Synthesis of 4

To 1,5-dap (1.8g; 10 mmol) was added 1,2-dibromoethane (30 g;
160 mmol) and benzene (23 ml) and refluxed under dry conditions during
12 hours. The hot reaction mixture was treated with cold benzene (10 ml),
and the formed product I was filtered.

The filtrate was treated with 1,2-dibromoethane (1 ml) and refluxed
during 6h; the repetition of the above procedure gave the product II. The filtrate
refluxed for the next 24 h gave the product III.

Combined products I-IIl have been purified by dissolving
in ethanol and the precipitation of oily contaminations with the excess of ether.
The solvent was removed under reduced pressure and the residue heated with
n-heptane. After the removal of n-heptane the residue was treated witit cold
ether in order to dissolve the remaining 1,5-dap.

The product was filtered and washed with acetone to give 1.25 g
(34.2% yield) of 4 as small, colouress crystals, m.p. 215°C. The eluent for tlc
was benzene/MeOH (5:1); MS: m/z 180 (1,5 dap; 65.0%); 28 (CH,CH,; 17.5%).

'H NMR (8, ppm): 9.51 (s,1H,H6); 9.11 (d,1H, J0s = 8.3 Hz; H10);
9.08 (dd, 1H, J,5=4.4 Hz; J,,,=1.5 Hz; H2); 8.53 (dd, IH, J,5=8.3 Hz; J,, = 1.5
Hz; H4); 8.33 (d, 1H, J;5= 7.8 Hz; H7); 8.07 (ddd, 1H, J37=7.8 Hz; J3o = 7.3
Hz; Js10=1.5 Hz; H8); 7.95 (ddd, 1H, Js10=8.3 Hz; Jos=7.3 Hz; Jo7=1,0 Hz;
H9); 7.87 (dd, 1H, J;4=8.3 Hz; J;, = 4.4 Hz, H3); ca 2.5; overlapped with
DMSO (4H, CH,CH,).
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3C NMR ((5, ppm): 140.8 (C10b); 139.8 (C10a); 138.9 ((C6); 135.2
(C6a); 133.7 (C2); 132.7 (C4); 132.0 (C9); 130.2 (C7); 129.7 (C8); 126.5
(C10); 125.0) (C3); 124.9 (C4a); 57.5 (N"CH,); 30.5 (CH,Br)

For CysH1;N;Br; (368.07): caled. 45.69% C; 3.29% H; 7.61% N; found
45.46% C; 3.47% H; 7.88% N.

Synthesis of 5

The reaction of 1,6-dap (1,8g; 10mmol) in a similar procedure afforded
products I-III, which were combined and recrystallized from isopropyl alcohol
to give 1,38 (37,5% yield) of 5 as small colourless crystals, m.p. 236°C; MS:
m/z 180 (1,6dap; 92,5%); 28 (CH,CH; 24,0 %).

'H NMR (8, ppm): 9.79 (s,1H,HS); 9.38 (dd,1H, J,3 = 4.4 Hz; J,,~1.8
Hz; H2); 9.15 (dd, 1H, J,05=7.9 Hz; J,05=1.7 Hz; H10); 8.86 (dd, 1H, J,5=8.1
Hz; J,» = 1.8 Hz; H4); 8.27 (dd, 1H, J,5= 7.9 Hz; J,5~=1.7 Hz, H7); 8.05 (ddd,
1H, J37=7.9 Hz; Jso = 7.1 Hz; J5,6=1.7 Hz; H8); 8.10-7.95 (m, 2H, H3, HY); ca
2.5; overlapped with DMSO (4H, CH,CH,).

For C,4H;;N,Br; (368.07) calcd. 45.69% C; 3.29% H; 7.61% N; found
45.51% C; 3.35% H; 7.68% N.

Synthesis of 6

Analogous reaction of 4,6 dap (1,8 g; 10 mmol) afforded products I-III,
which were combined and dissolved in hot methanol and after cooling treated
with ether in order to precipitate oily contaminations. The crystals formed were
filtered. The recrystallization from n-heptane and then from THF/Et;O (1:1)
mixture afforded 1.13 g (30.8% yield) of 6 as colourless crystals, m.p. 217°C.
MS: m/z 180 (4,6 dap; 81.0 %); 28 (CH,CH,; 14.5%).

'H NMR (3, ppm): 9.46 (s,1H,H5); 9.32 (d,1H, J,» = 8.2 Hz; Hl);
9.14 (dd, 1H, J;,=4,4 Hz; J;,=1.5 Hz; H3); 8.88 (dd, 1H, J,0s=7.3 Hz
Jios = 1.5 Hz; H10); 8.20 (ddd, 1H, Js7= 7.3 Hz; J35=7.1 Hz; J5,0=1.5 Hz; H8),
8.06-7.83 (m, 3H, H2, H7, H9); ca 2.5; overlapped with DMSO (4H, CH,CH,).

For C4H2N,Br; (368.07) caled. 45.69% C; 3.29% H; 7.61% N; found
45.50% C; 3.51%H; 7.78% N.
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Bond lengths ( A ) and angles ( ° ) for 4-6 calculated with CI AMI method

4

N1-C2
C2-C3
C3-C4
C4-Cda
Cda-N5
N5-C6
C6-Céa
Céa-C7
C7-C8
C8-C9
C9-C10
C10-C10a
C10e-C10b
C10b-N1
N5-C11
C11-C12
C12-Br13
C4a-C10b
Cé6a-C10a

N1-C2-C3
C2-C3-C4
C3-C4-C4a
C4-C4a-C10b
C4a-C10b-N1
C10b-N1-C2
C4a-N5-C6
N5-C6-Céa
Cé6-Céa-C10a
Céa-C10a-C10b
C10a-C10b-C4a
C10b-C4a-N5
C6a-C7-C8
C7-C8-C8
C8-C9-C10
C9-C10-C10a
C10-C10a-Céa
C10a-C6e-C7
C4a-N5-C11
N5-C11-C12
C11-C12-Bri13

1.32788
1.42296
1.37806
1.42652
1.40999
1.33887
1.42422
1.41589
1.38087
1.40806
1.38711
1.40805
1.45847
1.36851
1.47036
1.52280
1.91335
1.43632
1.41976

123.476
118.883|
119.206]
118.024
121.486
118.919|
120.249)
122.902
119.573]
117.938
119.299
120.030|
119.758
120.179
120.859
120.047|
119.013]
120.144
120.313|
113.352

5

N1-C2
C2-C3
C3-C4
C4-Cda
C4a-C5
C5-N6
N6-C6a
Cé6a-C7
C7-C8
C8-C9
C9-C10
C10-C10a
C10a-C10b
C10b-N1
N6-C11
C11-C12
C12-Br13
C4a-C10b
Céa-C10a

N1-C2-C3
C2-C3-C4
C3-C4-C4a
C4-C4a-C10b
C4a-C10b-N1
C10b-N1-C2
C4a-C5-N6
C5-N6-Céa
N6-Céa-C10a
C6a-C10a-C10b
C10a-C10b-C4a
C10b-C4a-C5
C6a-C7-C8
C7-C8-C9
C8-Ce-C10
C9-C10-C10a
C10-C10a-Céa
C10a-C6a-C7
C5-N6-C11
N6-C11-C12

110.894

C11-C12-Bri3

1.33075
1.42789
1.37568
1.42316
1.41899
1.33920
1.41505
1.41897
1.38361
1.40336
1.38299
1.41194
1.45153
1.36977
1.47030
152273
1.91403
1.42909
1.42793

124.214
118.501
118.739
119.056
121.388
118.103
122.745
120.495
119.745
119.720
117.753
118.521
120.235
120.734
120.057
120.840
119.071
119.053

119.179
113.473

110.741

6
C1-C2 1.37777
C2-C3 1.43077
C3-N4 1.32399
N4-Cda 1.37801
C4a-C5 1.44028
C5-N6 1.33548
N6-Céa 1.41407
C6a-C7 1.42060
C7-C8 1.38123
C8-C9 1.40523
C9-C10 1.38101
C10-C10a 1.41293
C10a-C10b 1.43767
C10b-C1 1.42144
N6-C11 1.47273
C11-C12 1.52232
C12-Br13 1.91436| -
C4a-C10b 1.42336)
Céa-C10a 1.42881
C1-C2-C3 119.088
C2-C3-N4 123.536
C3-N4-Cda 117.315
N4-C4a-C10b 123.560
C4a-C10b-N1 117.041
C10b-C1-C2 119.459
C4a-C5-N6 122.335
C5-N6-Céa 120.938)
N6-C6a-C10a 119.501
Cé6a-C10a-C10b 119.766
C10a-C10b-C4a 118.803
C10b-C4a-C5 118.632
C6a-C7-C8 120.269
C7-C8-C9 120.581
C8-Ce-C10 120.030,
C9-C10-C10a 121.270
C10-C10a-Céa 118.485
C10a-C6a-C7 119.348|
C5-N6-C11 118.887|
N6-C11-C12 113.454
C11-C12-Br13 110.717,

0s1
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Table 2

Total energy, core interaction energy, formation heat and dipole moment values
for 4-6 calculated by CI AM1 method

4 5 6

Total energy (V) -2717.96225 | -2717.98164 | -2717.89871
Binding energy (eV) -131.75908 -131.77847 | -131.69554
Core interaction energy (eV) 13806.57729 | 13807.13358 | 13804.93482
Formation heat (€V) 10.10636 10.08697 10.16990
M,/D -4.708 -2.224 1.152
M,/D -1.096 -5.288 -6.860
M.,/D 1.594 -1.739 -1.420
M(M)/D 5.090 5.995 7.099

Table 3

Experimental wavenumber and log € values of 4-6 (in 1,2-dichloroethane,
c=10"M)

4 3 6
Band| vx 10°cm™ loge |vx10°cm” loge |v x10°cm™ loge

o 28.5 4321 30.8 3389 | 29.0 3.753

P 36.2 4.652 38.0 4.061 | 37.0 4.728

B 40.8 5.114 42.0 3963 428 5.183
Table 4

Differences in the experimental wavenumber values of o, p and B bands for
4-6 as compared with corresponding parent 1,5-, 1,6- and 4,6-diazaphe-
nanthrenes 1 - 3 (positive values denote red, negative blue shifts)

v differences

Band 4/1 32 6/3
a -0.9 - 1.7 0.0
p +1.9 +0.2 +:1.1
B +14 +1.6 +0.5
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Fig. 1
Effective charge values for 4-6 calculated with CI AM1 method
log €
5 .
44 »
3 1 L 1
Fig. 2

The experimental UV spectrum of 4



Jerzy Peszke, Marian Mielniczak, Wanda Sliwa

™

10.
11
12,
13,
14.
15
16.
17.
18.

19.
20.

21.

22.

23,

REFERENCES

B. Bachowska, T. Zujewska, Polish J. Chem. 1996, 70, 1324

B. Bachowska, Monatsh. Chem. 1995, 126, 227

J. Peszke, B. Mianowska, W. Sliwa, Spectrochim. Acta 1997, 53A, 2565

B. Mianowska, W. Sliwa, Spectrochim. Acta 1996, 52A. 397

L. Chrzastek, B. Mianowska, W. Sliwa, Aust. J. Chem. 1994, 47,2129

P. Kovacic, M.A. Kassel, J. R. Ames, B.A. Feinberg, W. Sliwa, J. Biopharm.
Sci. 1990, 1, 331

G. Matusiak, W. Sliwa, Acta Chim. Hung. 1988, 125, 267

W. Sliwa, Benzonaftyrydyny (Benzonaphthyridines), Polytechnical University,
Wroclaw 1978

N. Zelichowicz, Wlasciwosci kompleksotworcze zwigzkéw azaaromatycznych
(Complexing properties of azaaromatics), Pedagogical University, Cz¢stochowa
1997

B. Bachowska, T. Zujewska, Polish J. Chem. 1998, 72, 89

T. Zujewska, B. Bachowska, Aust. J. Chem. 1996, 49, 523

W. Sliwa, L. Chrzastek, Pol. PL 165, 956 (1995); Chem. Abstr. 1996,
125, P 275674

J. Peszke, W. Sliwa, 40.Meeting of Polish Chem. Soc., Gdansk 1997, Abstracts
of Papers 9-11, P-41

W. Sliwa, Polish J. Chem. 1981, 55, 2199

G. Matusiak, W. Sliwa, Monatsh. Chem. 1993, 124, 161

T. Girek, T. Zujewska, W. Sliwa, Acta Chim. Hung. 1990, 127, 711

W. Sliwa, N-Substituted Salts of Pyridine and Related Compounds, Pedagogical
University, Czgstochowa 1996

R. Castro, P.D. Davidov, K.A. Kumar, A.P. Marchand, J.D. Evansteck,
AE. Kaifer, J. Phys. Org. Chem. 1997, 10, 369

S. Fukuzumi, Y. Tokuda, Chem. Lett. 1992, 1721

Fuji Photo Film Co., Ltd, Japan, Jpn Kokai Tokkyo Koho JP 09,176,164 (1997);
Chem. Abstr. 1997, 127, 108 927

K. Takagi, T. Kurematsu, Y. Sawaki, J. Chem. Soc. Perkin Trans. 2, 1995,
1667

T. Nakashima, K. Isshiki, N. Sakata, N. Agata, T. Yoshioka, PCT Int. Appl.
WO 97 30,987 (1997); Chem. Abstr. 1997, 127, 220 582

B. Mianowska, W. Sliwa, Acta Chim. Hung, 1991, 128, 93




Quaternary salts of isomeric... 155

Jerzy Peszke
Marian Mielniczak
Wanda Sliwa

Czwartorzgdowe sole izomerycznych 1,5-, 1,6-
i 4,6-diazafenantrenéw z 1,2-dibromoetanem

Streszczenie: Opisano syntez¢ czwartorzedowych soli 1,5- 1,6- i 4.6-
diazafenantrenéw z 1,2-dibromoetanem oraz podano strukture elektronowa
i optymalizacj¢ geometrii tych zwigzkow, przeprowadzong metoda CI AMI1.
Widma w nadfiolecie rozwazanych ukladéw poréwnano z widmami niepod-
stawionych diazafenantrenow.
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