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Abstract—By combining two complementary statistical techniques (fractional factorial experimental design and simplex operation) the
synthesis of the parent pyrido[1i-pyridazinium cation has been successfully carried out (the yield was improved from less than 10 to
65%) by basic condensation of 2-methyl-1-aminopyridinium mesitylenesulfonate and [1,4]dioxane-2,3-diol. Using the optimized reaction
conditions, other related heterocyclic cations could be prepared, and two interesting examples are now @po@@dlsevier Science

Ltd. All rights reserved.

One of the most important cytostatic mechanisms of action DNA intercalating properties of pyridazinium fused hetero-
of coplanar annelated polycyclic compounds is their inter- cyclesl, which are examples of this last type of intercalator.
calation into human bDNA.Some of these molecules are These compounds are easily obtained by a double basic
polyheterocyclic cations, with their cationic nature usually condensation between 2-alkyl-1-aminocycloiminium salts
being produced by alkylation of the neutral heterocycles, and 1,2-dicarbonyl compourti{Fig. 1). An important
(e.g. the pyridocarbazole derivative elliptiniGnor the limitation to this process, however, is related to the sub-
phenanthridine salt ethidium bromije Less frequently, stitution pattern in the non heterocyclic component. To
the cationic atom is shared by two nitrogen heterocycles, our knowledge, there are only two previous reports
such as in the indolo[2,8}quinolizinium alkaloid semper-  describing the synthesis of related Qarent polyfused
virine? In recent paperswe described the synthesis and heterocyclic cations, I2azoniaperylene2’® (55%) and
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Figure 1. Westphal reaction and examples of polycondensed azonia derivatives.
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Table 1. Factors and levels used i 2design

Factors Levels

Low (—) High (+)
A: Temperature Ci(H 70C
B: Reaction time 1h 4h
C: Solvent volume 1ml 5ml
D: [1,4]-Dioxane-2,3-diol 1 mmol 3 mmol
E: Triethylamine 0.1 mmol 1.5 mmol

10c-azoniafluoranthene safgs® (33%) (Fig. 1), using [1,4]-
dioxane-2,3-diol (DODO) as a glyoxal equivalent in this
type of condensation process.
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leaving fixed the quantity of pyridinium substrate) and with
them, a two-level factorial design was bifftt.

As a general concept, a factorial design allows building
experiments in such a way that the variation of response
obtained with different experimental factor settings, permits
the experimenter to elaborate a general model of the
process, and hence, the contribution of every variable to
the response—in this case, the yield. In this way, it is possi-
ble not only to analyse the singular influence of every factor,
but also to combine influences of two or more variables
(interaction terms) and predict how they could affect the
yield of the process.

In a two-level factorial design, each factor can take two

In this paper we report an optimized synthesis of new fused values, low () and high () levels, and in this way, the

bi, tri, and tetracyclic pyridazinium derivativds-6. For this
purpose, we have initially optimized the synthesis of the
unknown pyrido[1,2b]-pyridazinium cation4, using the
sequential application of two complementary statistical
optimization techniques (fractional factorial desigrand
simplex proceduf®9) and we then used these conditions
for the synthesis of related heterocyclic cations.

Results and Discussion

We initially applied the experimental conditions previously
described for the synthesis of the azoniaperylene Zalt
(using equivalent amounts of 1-amino-2-methylpyridinium
mesitylenesulfonat&, [1,4]-dioxane-2,3-diol as the glyoxal

experimental space to be explored is delimited (Table 1).
Then, the matrix obtained (Table 2) with the values of the
response vector (the yield) for every combination of factor
levels, is submitted to multiple regression to obtain a model
(Eg. 1), in which the coefficient of every term (either single

or interaction) is indicated.

Yield = constant+ aF1+ bF2+ cF3+ dF4+ eF5+ fF6

@)

No doubt, refining would be required if the model were the
final target, but in this case, what is needed is simply to
know which terms have the more relevant coefficients
(a, b, c,...n), and in which direction. In this case, a fractional
factorial design is a better choice, as it allows roughly

+ gF1-F2+ hF1-F3+ etc....

equivalent, triethylamine, TEA, as the base and ethanol asthe same information to be obtained with 50% of the

the solvent) but the expected pyrido[lgyridazinium salt
4 was formed in less than 10%Although TEA and DODO

experiments.

seemed to be good choices for the base and glyoxal equiva-Table 2 shows the matrix for the’2 fractional factorial

lent, we thought that DMF would be a better choice than

EtOH for the solvent because it would ensure the homo-

geneity of the reaction mixture, especially for room
temperature experiments.

In order to have a rough picture of the influence of the

design with the yields for each of the 16 runs. Then, the
multiple regression process produced the coefficients,
shown in Table 3, for every single term as well as those
from the binary interactions, which in a fractional factorial
design are usually smaller. The analysis of the results shows
two terms having the coefficients with more influence on the

reaction variables—factors in the table—on the response,final yield 2 Thus, these two factors were chosen to perform
the five expected to be more significant were chosen a basic SIMPLEX optimisatiol starting from the best
(temperature, reaction time, solvent volume, equivalents experience (8@ and 2 mmol of triethylamine), raising

of [1,4]-dioxane-2,3-diol, and equivalents of triethylamine,

Table 2. Experimental design matrix

both factors 8C and 0.2 mmol in each experiment.

Exp. Temp. Reaction time Solvent volume [1,4]-Dioxane-2,3-diol Triethylamine Yield (%)
1 - - + - - 0
2 + - - - - 7
3 - - - + - 0
4 + - + + - 11
5 - + - - - 3
6 + + + - - 12
7 - + + + - 1
8 + + - + - 16
9 - - - - + 9
10 + - + - + 36
11 - - + + + 15
12 + - - + + 28
13 - + + - + 10
14 + + - - + 30
15 - + - + + 19
16 + + + + + 43
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Table 3. Main and interaction effects upon yield corresponding pyridin& benzimidazol®andp-carboliné®

Factors Effects Factors Effects derivatives.

(confounded with) (confounded with) . . . . .
Pyrido[1,2-a]pyridazinium bromide 4. N-amino-2-

A (BCDE) 15.75 AE (BCD) 5.25 methylpyridinium mesitylenesulfonate (0.40 g, 1.3 mmol),

g%ﬁggg g-gg gg gﬁgg *22;5705 and triethylamine (0.16 g, 1,6 mmol) in DMF (200 mL)

D (ABCE) 325 BE (ACD) 0.00 were stlrrgd at 7‘03._ To the resu_ltmg solution was added

E (ABCD) 17.50 CD (ABE) ~0.25 in one portion [1,4]dioxane-2,3-diol (0.19 g, 1.6 mmol), and

AB (CDE) 1.25 CE (ABD) 2.50 the mixture was stirred at this temperature for 1 h. Concen-

28(53%% 8-(2)8 DE (ABC) 1.75 trated HBr (1 mL, 48%) was then added and the resulting

solution was evaporated under reduced pressure. The resi-
due was dissolved in methanol, decoloured with charcoal

All experiments performed are indicated with the yield in @nd then filtered on Celite. The residue obtained by remov-

Table 4, where the best experiment showed a yield of 61% N9 the solvent became solid when rinsed with acetone
for the process. (0.15 g). mp>300°C (white powder from MeOH). Yield:

61%. IR v 3104, 3011, 2926, 1639, 1617, 1467, 1439,
Unfortunately, we have only been able to increase the yield 1399, 1320, 1239, 1167, 1146, 1045, 830 ¢tH NMR
from 55 to 61%, but this makes us think that we selected a (300 MHz, CDOD) & 9.59 (dd,J=6.9 and 0.9 Hz, 1 H),
good experimental region so that the results and experimentaf@-40 (dd,J=4.7 and 2.3 Hz, 1 H), 8.80 (dd}=9.0 and
yields reach the highest possible value. 2.3 Hz, 1 H), 8.64-8.69 (m, 2 H), 8.30 (ddd=6.9, 5.7

and 3.5Hz, 1 H), 8.13 (ddJ=9.0 and 4.7Hz, 1 H)
The best conditions obtained (in relation to 1 equiv. of the PPM-"C NMR (50 MHz, CDOD) 6 154.0, 142.6, 142.2,
startingN-amino-cycloiminium salt, [1,4]-dioxane-2,3-diol, 136.0, 129.4, 128.4, 128.0, 110.3 ppm. Anal. Calcd for
DODO, (1.2 equiv.)/TEA (1.2 equiv.)/DMF/7Q) were CgH;N,Br (211.06): C, 45.53; H, 3.34; N, 13.27. Found:
then applied to obtain the new tricyclic 5-methys  C, 45.30; H, 3.45; N, 13.02.
pyridazino[1,6a]benzimidazolium mesitylenesulfonats o o i i
(90%)2 the tetracyclics 14-pyridazino[2,3':1,2]-pyrido- 5-Methyl-5H-pyrldazmo[l,_6-a]ben2|m|da_zollum mesﬂyl-
[3,4-bjindolium mesitylenesulfonateba (65%) and the enesylfpnate .5.The hot mixture of 1—am|no—2,37d|methy_l—
9-methoxy substituted derivativeb (70%) (Fig. 1), which benzimidazolium sa}lt (0.47 g, 1.3 mmaol), and_ triethylamine
are isoelectronic with the alkaloids sempervitthand  (0-16 g, 1.6 mmol) in DMF (200 mL) was stirred at“Z0
flavocorylend® (Fig. 1). The methodology which is with [1,4]d|pxane—2,3-d|ol (0.19 g, 1.6 mmol) for 1 h. The
currently being used on other related systems and results/€action mixture was evaporated under reduced pressure

both in the synthetic field and their biological applications, and the residue precipitated with ethyl acetate. The solid
will be described in due course. was washed with acetone to yield a white powder (0.45 g,

90%) mp (235-238 from EtOH/EtOAC). IRvyax 3045,
3016, 2981, 2929, 1609, 1547, 1527, 1469, 1402, 1331,
Experimental 1187, 1080, 1011, 788, 772, 753, 724, 620 ¢nmiH NMR
(500 MHz, CD,OD) 6 9.24 (d,J=3.7 Hz, 1 H), 9.00 (d,
General methods J=9.3 Hz, 1 H), 8.48 (dJ=8.3 Hz, 1 H), 8.24-8.28 (m, 2
H), 7.98 (app. tJ=7.8 Hz, 1H), 7.84 (app. }=7.8 Hz, 1
Melting points were determined on & &hi SMP-20 andare  H), 6.70 (s, 2 H), 4.25 (s, 3 H), 2.46 (s, 6 H), 2.14 (s, 3 H)
uncorrected. IR spectra were recorded as KBr discs using appm**C NMR (125 MHz, DMSO-g) & 184.2, 180.3, 177.8,
Perkin—Elmer 700 or 1310 spectrophotometiét. NMR 173.7, 173.6, 169.4, 167.5, 167.3, 166.7, 165.1, 163.8,
spectra were obtained on a Varian Unity 300 (300 MHz) 158.9, 150.8, 150.7, 68.4, 60.2, 57.8 ppm. Anal. Calcd for
spectrometer in DMSOg using tetramethylsilane as an CygH21N303S (383.47): C, 62.64; H, 10.96; N, 5.52. Found:
internal reference. All chemical shiftss) and coupling C, 62.33; H, 11.32; N, 5.58.
constant J) values are expressed in units of ppm and Hz,
respectively. All statistical tests required for analysis of 11H-Pyridazino[1’,6":1,2]pyrido[3,4-b]indolinium mesityl-
experiments were calculated using the prograrmmus.® enesulfonate 6aThis compound was obtained as before for
The starting N-amino«-methylcycloiminium salts were 5 but the isolation procedure was slightly different. The
obtained as previously described by amination with crude reaction mixture, obtained by evaporation under
O-(mesitylenesulfonyl)hydroxylamine (MSH) of the reduced pressure, was purified by column chromatography

Table 4. Simplex experiments in the optimisation

Exp. TEA (mmol) Temp.C) Yield (%) Exp. TEA (mmol) Temp.°C) Yield (%)
1 2 80 55 8 1.8 65 56

2 1.8 80 56 9 1.6 70 61

3 2 75 58 10 1.6 75 56

4 1.8 75 57 11 1.6 65 56

5 2 70 60 12 14 65 57

6 1.8 70 59 13 14 70 59

7 2 65 56
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on silica gel using GICH,/MeOH (9:1) as eluent to give the
product as a yellow powder (0.44 g, 65%). mp (288239
from MeOH). IR v,a, 3125, 3050, 2966, 1655, 1482, 1450,
1421, 1321, 1280, 1206, 1167, 1087, 1011, 678trH
NMR (200 MHz, CD,OD) 6 9.24 (dd,J=9.1 and 1.5 Hz,
1 H), 8.99 (ddJ=4.5 and 1.6 Hz, 1 H), 8.47 (d=8.9 Hz,

1 H), 8.11 (ddJ=9.2 and 1.4 Hz, 1 H), 8.00 (d=8.9 Hz,

1 H), 7.89 (app. tJ)=7.3 Hz, 1 H), 7.60 (app. 1}=7.3 Hz,

1 H), 6.79 (s, 2 H), 2.64 (s, 6 H), 2.18 (s, 3 H) ppm. Anal.
Calcd for GsH,1N3OsS (419.51): C, 65.85; H, 5.05; N, 9.02.
Found: C, 65.75; H, 5.25; N, 9.32.

9-Methoxy-11H-pyridazino[1’,6":1,2]pyrido[3,4-b]indo-
linium mesitylenesulfonate 6b.Obtained asba (yellow
powder 0.42g, 70%). mp (238-2% from MeOH/
EtOAC). IR vpa 3100, 3020, 2947, 1628, 1570, 1482,
1450, 1421, 1321, 1280, 1206, 1167, 1087, 1011,
678cm . 'H NMR (200 MHz, CDOD) & 9.33 (dd,
J=9.2 and 1.5 Hz, 1 H), 9.02 (dd=4.6 and 1.5 Hz, 1 H),
8.98 (d,J=6.9Hz, 1 H), 8.54 (dJ=6.9Hz, 1 H), 8.09
(d, 3I=8.9Hz, 1 H), 7.86 (ddJ=9.2 and 4.6 Hz, 1 H),
7.18 (d,J=2.1 Hz, 1 H), 7.00 (ddJ=8.9 and 2.1 Hz, 1 H),
6.79 (s, 2 H), 3.90 (s, 3 H), 2.64 (s, 6 H), 2.18 (s, 3 H) ppm.
3C NMR (50 MHz, CD,OD) & 163.8, 150.1, 146.3, 139.7,
139.4, 137.4, 131.3, 131.1, 130.8, 129.0, 128.7, 124.7,
123.5, 117.1, 115.0, 114.3, 109.3, 95.2, 56.1, 23.1,
20.9 ppm. Anal. Calcd for £H»3N3O,S (449.53): C,
64.13; H, 5.16; N, 9.35. Found: C, 63.95; H, 5.10; N, 9.42.
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