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Summary.By using microwave irradiation bisammonium-
and bispyridinium-type allosteric modulators of muscarinic
receptors can be obtained fast and efficiently.
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Introduction

Allosteric modulators of the muscarinic receptor
are established active agents capable of selectively
binding to one of the subtypes of the acetylcholine
receptors M;—Ms. They bind to a topographically
different side than classical orthosteric ligands and
are able to influence both the dissociation and as-
sociation of orthosteric ligands such as N-methyl-
scopolamine (NMS) [1-3]. Equilibrium binding can
be either increased (positive cooperativity) or de-
creased (negative cooperativity) by allosteric modu-
lators. Muscarinic allosteric modulators described
so far are structurally divergent and many of them
are characterized by being positively charged, e.g.
alcuronium-like compounds [4], gallamine [5], al-
kylbisammonium-type derivatives such as W84 or
naphmethonium [6-11] and bispyridinium-type de-
rivatives, e.g. DUO 3 [12, 13] (structural formulae,
see Figs. 1 and 2). Moreover, by application of

* Corresponding author. E-mail: u.holzgrabe @pharmazie.
uni-wuerzburg.de

Schwyzer’s message-address-concept the allosteric
modulators can guide the way to subtype-selective
agonists of the muscarinic receptors (unpublished
results). Thus, for drug development a fast and effi-
cient synthesis pathway is important.

Conventional syntheses of W84-type compounds
and DUO 3 were described in literature [6—13]. The
synthesis pathway to W84 derivatives (see Fig. 1) is
characterized mainly by the formation of the imide
by conversion of a primary amine 8 and phthalic
acid anhydride 7 and the alkylation of the obtained
amine with dibromoalkane and can take several days
up to weeks. The same is true for the DUO-synthesis
pathway consisting of the formation of the oxime
ether and subsequent connection of two pyridine moi-
eties with dibromoalkanes (see Fig. 2). Especially
the alkylation step is time consuming. This stands
in the way of efficient drug development demand-
ing series of compounds of huge variety of the sub-
stitution pattern.

In the last years a growing interest in the use of
microwave-assisted reactions in organic synthesis and
medicinal chemistry could be observed [14]. Effects
noticed with microwave dielectric heating are dif-
ferent from heating, e.g., with an oil bath [15]: The
energy is directly introduced in a reaction mixture,
resulting in a different temperature profile of the re-
action in comparison to conventional methods of
heating and a more efficient exploitation of the irra-
diated energy. This often results in a shortening of
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Fig. 1. Syntheses pathway of alkylbisammonium-like compounds

the reaction time, rate enhancement, better selectiv-
ity, and reduction of thermally degradative products

¢ when compared to conventional syntheses.
O N Recently, microwave irradiation has been utilized
& 5 /\@\l for forming phthalimides and bisphthalimides [16—18,

commercial microwave ovens were used], for N-

0.5 equivalents alkylation of phthalimides [19, 20] and for N-alkyla-

1.3-dibromopropane tion of halopyridines [21]. Furthermore Lidstrom

ol ol et al. described in a comprehensive review [22] the

advantages of microwave-assisted syntheses in or-

Qi/O\N/ BN ogr (P NC ganic chemistry by means of different kind of reac-
& | /NW'@/\ Cl tions, e.g. N-alkylation or condensation.

The aim of this investigation was to synthesize

6 allosteric modulators of the alkylbisammonium-type
Fig. 2. Synthesis pathway of DUO 3 and bispyridinium-type, to reduce the reaction time
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substantially and additionally to increase the yield = naphmethonium precursor 2b which took 11 days
by using microwave irradiation instead of conven-  under conventional heating was speed up by a factor
tional energy sources. of about 30. A similar observation was made for the
bispyridinium compound 6. Additionally, the yield
could be increased by means of microwave-assisted

Results and Discussion synthesis, especially for 2b.

Conventional Synthesis )
Conclusion

In order to compare the conventional and the micro-
wave syntheses corresponding reaction conditions hesis of all > {
were tried. The results of the conventional synthesis synthesis of allosteric modulators 36 can be exe-

have been published already and could be verified cuted within a day instead of weeks, which substan-
[6.8.9. 11, 13]. tially speeds up the drug development. Additionally,

the application of the Milestone MLS rotaPREP

allows the preparative parallel synthesis of com-
Microwave-Assisted Synthesis pounds further enhancing the development of new
allosteric modulators and subtype-selective agonists
of muscarinic receptors.

Taken together, using microwave-assisted heating the

The microwave synthesis, i.e. the alkylation step, was
executed in acetonitrile at 85°C (ramp: 20°C/min,
800 W). The reaction was monitored by TLC (silica
gel, CH;0H:0.2M NH,NO3;=3:2, R;=0.3-0.5) in  Experimental
order tq find the earliest time point of quantitative 1y NMR (400.13 MHz) and '*C NMR (100.61 MHz) spectra
conversion. were recorded on a Bruker Advance 400 MHz spectrometer,
The comparison between conventional alkylation  equipped with XWIN-NMR software running on a Microsoft
reactions and microwave-assisted syntheses in the Windows PC. CDCl; was applied as solvent and the centre of
synthesis pathway of hexamethonium-type and bis- the signal of CDCl; was used as an internal reference. IR spec-

ridinium-tvpe compounds is reported in Table 1 tra were obtained using a Biorad PharmalyzIR FT-IR spectro-
by yp p p ’ meter. Thin layer chromatography was performed using silica

The identity of each compound was established by gel Fosy plastic sheets. All chemicals were purchased from
NMR and IR spectroscopy. The most remarkable  Lancaster (Miihlheim, Germany) and Aldrich (Steinheim,
finding is the tremendous reduction of reaction time  Germany) and were used without further purification.

from days to hours. Comparing the conversion times All products are known compounds and were identified by
revealed the highest reduction for the reactions which ~ c0mparing their physical and spectroscopical data with those

K the 1 d . | refl diti . of authentic samples [6, 8, 9, 11, 13].
took the longest under conventional reflux conditions: Microwave reactions were carried out in a Milestone MLS-

e.g. the formation of W84 precursor 1a is four times  Ethos 1600 using a double tube system (PTFE inner tube,
faster in the microwave and the formation of the  PEEK outer tube) equipped with a 20 bar excess pressure valve

Table 1. Comparison of reaction time and yield using the conventional route and microwave irradiation, respectively

Compd tin‘lecon tirﬂemicro yieldmn yieldmicm temp picro Ref.con
h h % % °C
la 2 0.5 85 91 115 [11]
1b 3 1.5 63 64 115 [11]
1c 24 3 82 86 115 [6]
1d 3 2.5 88 90 115 9]
2a 120 7 35 65 80 [11]
2b 264 8 55 70 80 [6]
3a 48 5 67 70 90 9]
3b 48-96 7 60 70 90 [11]
4a 15 2 4 97 100 [8]
4b 48 4 29 46 100 [11]
6 144 3 53 54 85 [13]

con Conventional route; micro microwave irradiation; * yield is not exactly reported [8]
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procured by Mikrowellen-Laborsysteme (MWS, Leutkirch/
Germany). Weflon-tablets (PTFE with 10% graphite) were
used in apolar solvents, e.g. toluene.

Preparation via the Conventional Route

The compounds 1c and 2b were synthesized convention-
ally according to Ref. [6], 4a according to Ref. [8], 1d and
3a according to Ref. [9], 1a, 1b, 2a, 3b, and 4b according to
Ref. [11] and compounds § and 6 according to Ref. [13].

Preparation via Microwave Heating

Synthesis of the Imides la, 1b, Ic, and 1d

A mixture of the appropriate anhydride (50 mmol), the cor-
responding primary amine (50 mmol), and a catalytic amount
of p-toluenesulfonic acid and two weflon-tablets (PTFE with
10% graphite) were heated at 115°C in toluene by using a
water separator (ramp: 30°C/min, 800 W). When the reaction
was completed the solvent was evaporated and the obtained
crystals were washed several times with petroleum ether and
recrystallized from methanol.

Synthesis of the Intermediate Compounds 2a and 2b

The corresponding imides 1b and 1¢ (10 mmol) were dissolved
in a fifteen fold excess of 1,6-dibromohexane (150 mmol) and
stirred at 80°C (ramp: 20°C/min, 800 W). After cooling to
room temperature the obtained precipitate was filtered off and
washed with hot diethyl ether.

Synthesis of the Non-symmetrical Compounds 3a and 3b
The precursors 2a and 2b (10mmol), 1a and a catalytic
amount of KI/K,COs (1:1) were dissolved in 150 cm’® aceto-
nitrile and heated to 90°C (ramp: 20°C/min, 800 W). After
cooling to room temperature the resulting precipitate was fil-
tered off and washed with acetonitrile and n-pentane.

Synthesis of the Symmetrical Compounds 4a and 4b

Two equivalents of the corresponding imides 1a and 1d
(2mmol), respectively, and a catalytic amount of KI/K,COs
(1:1) were dissolved in 1 equivalent of 1,6-dibromohexane
(Immol) and heated at 100°C (ramp: 20°C/min, 800 W).
After cooling to room temperature the obtained precipitate
was filtered off and washed with acetonitrile and n-pentane.

(E,E)-1-1'-(1,3-Propanediyl)bis[4-[[(2,6-
dichlorobenzyloxy)imino] methylpyridinium]

dibromide (6, C29H26Br2Cl4N402)
Pyridine-4-carboxaldehyde (E)-O-(2,6-dichlorobenzyl)-
oxime 5 (4.0g, 14.2mmol) and 1,3-dibromopropane (1.4g,
7.1 mmol) were dissolved in acetonitrile (70 cm’) and heated
at 85°C (ramp: 20°C/min, 800 W) for 3 h. After cooling to

room temperature the crystalline solid was filtered off and
recrystallized from ethanol to give 2.9 g (54%) of fine yellow-
ish needles.

Acknowledgements

Thanks are due to W. Lautenschliger and his team from
Mikrowellen-Laborsysteme (MWS, Leutkirch/Germany) for
special equipment and technical support and the DFG (HO
1367/7-3) for financial support.

References

[1] Ellis J (1997) Drug Dev Res 40: 193
[2] Christopoulos A (2002) Nat Rev Drug Discov 1: 198
[3] Birdsall NJ, Lazareno S (2005) Mini-Rev Med Chem 5:
523
[4] Tucek S, Musilkova J, Nedoma J, Proska S, Shelkovnikov
S, Vorlicek J (1990) Mol Pharmacol 38: 674
[5] Ellis J, Seidenberg M (1992) Mol Pharmacol 42: 638
[6] Bejeuhr A, Holzgrabe U, Mohr K, Siirig U, v Petersenn
A (1992) Pharm Pharmacol Lett 2: 100
[7]1 Bender W, Staudt M, Trinkle C, Mohr K, Holzgrabe U
(2000) Life Sci 66: 1675
[8] Wassermann O (1970) Habilitationsschrift, University
of Kiel
[9] Muth M, Bender W, Scharfenstein O, Holzgrabe U,
Balatkova E, Trinkle C, Mohr K (2003) J Med Chem
46: 1031
[10] Muth M, Sennwitz M, Mohr K, Holzgrabe U (2005)
J Med Chem 48: 2212
[11] Raasch A, Scharfenstein O, Trinkle C, Holzgrabe U,
Mohr K (2002) J Med Chem 45: 3809
[12] Pick R, Duda-Johner S, Trinkle C, Mohr K, Holzgrabe
U (2004) Monatsh Chem 135: 1539
[13] Botero Cid MH, Holzgrabe U, Kostenis E, Mohr K,
Trankle C (1994) J] Med Chem 37: 1439
[14] Kappe OC, Stadler A (2005) Microwaves in Organic and
Medicinal Chemistry. In: Mannhold R, Kubinyi G,
Folkers G (eds) Methods and Principles in Medicinal
Chemistry, vol 25. Wiley VCH, Weinheim
[15] Galema SA (1997) Chem Soc Rev 26: 233
[16] Borah HN, Boruah RC, Sandhu JS (1998) J Chem Res
Syn 1: 272
[17] Kacprzak K (2003) Synth Commun 33: 1499
[18] Habibi D, Marvi O (2006) Arkivoc 13: 8
[19] Bogdal D, Pielichiowski J (1996) Synlett 9: 873
[20] Ju Y, Varma RS (2004) Green Chem 6: 219
[21] Vega JA, Vaquero JJ, Alvarez-Builla J, Ezquerra J,
Hamdouchi C (1999) Tetrahedron 55: 2317
[22] Lidstrom P, Tierney J, Wathey B, Westman J (2001)
Tetrahedron 57: 9225

Verleger: Springer-Verlag GmbH, Sachsenplatz 4-6, 1201 Wien, Austria. — Herausgeber: Osterreichische Akademie der Wissenschaften, Dr.-Ignaz-Seipel-Platz 2,
1010 Wien, und Gesellschaft Osterreichischer Chemiker, Eschenbachgasse 9, 1010 Wien, Austria. — Redaktion: Getreidemarkt 9/163-OC, 1060 Wien, Austria. —
Satz und Umbruch: Thomson Press Ltd., Chennai, India. — Offsetdruck: Krips bv, Kaapweg 6, 7944 HV Meppel, The Netherlands. — Verlagsort: Wien. —

Herstellungsort: Meppel. — Printed in The Netherlands.



