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Abstract: Piperidinylpyrroles of type 3 were synthesized through a modified Paal-Knorr reaction. For the
introduction of pyrrole-substituents high yielding transformations including Sonogashira cross-coupling reactions
were utilized. Employment of the reagent TosMIC gave access to the regioisomeric oxazolyl derivatives 7 and 11
which showed the highest dopamine D4 receptor binding of the series investigated. © 1999 Elsevier Science Ltd. All

rights reserved.

Recent investigations using molecular cloning technology have indicated the existence of a number of dopamine
receptor subtypes which can be classified into two classes, D1-like (D1 and D5) and D2-like (D2, D3 and D4).!
Classical neuroleptics that are used to treat schizophrenia are generally potent dopamine D2 receptor antagonists.’
However, their use is associated with the lack of clinical efficiency in the negative symptoms of schizophrenia as
well as mechanism-induced side effects including major movement disorders and increases in serum prolactin
levels.® In contrast, the atypical antipsychotic agent clozapine shows preferential binding to the D4 subtype.*
Further findings have prompted speculation that dysfunction of the D4 receptor system might be involved in the
ethiology of schizophrenia ° and have driven intensive structure activity relationship studies.®

Recent literature reports described selective D4 receptor antagonists including piperazines of the general structure
17 and piperidine analogs of type 2 8 when the aromatic features Ar1 and Ar2 are represented by either substituted
pheny] rings or by heterocyclic moieties. Whereas heterocyclic n-systems play an important role for the Arl
substructure of 1, phenyl substituted pyrazoles and isoxazoles proved to be suitable as Ar2 surrogates within the
lead compounds of type 2.

As a complement to our previous studies on the incorporation of pyrrole derived Arl surrogates into D4 ligands
of type 1,° this communication describes synthesis and receptor binding of novel piperidinylpyrroles (3) when

pyrrole based m-systems represent the Ar2 subunit of 2.
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The target compounds were synthesized straightforwardly using commercially available 4-amino-N-
benzylpiperidine (4) as a common starting material (Scheme 1). Incorporation of the pyrrole system was done by
subjecting the primary amine 4 to modified Paal-Knorr reaction conditions. Employing 2,5-
dimethoxytetrahydrofuran and the respective 3-carbaldehyde as 1,4-dicarbonyl equivalents gave access to the N-
substituted pyrroles 8 and 5, respectively. Since we intended SAR investigations on the extension of the pyrrole
based n-system by aromatic or nonaromatic phenyl bioisosteres, the 3-positioned carbaldehyde group of § should
be further modified. Thus, the 2,2-dicyanovinyl derivative 6 could be readily prepared by Knoevenagel
condensation of 5 with malononitrile. Furthermore, construction of an oxazole ring as a conjugated heterocyclic
substituent was achieved by cyclocondensation reaction of the carbaldehyde 5 with tosylmethyl isocyanide
(TosMIC) “°to give the target compound 7." Regioisomers of 5-7 bearing conjugated substituents in position 2 of
the pyrrole ring could be synthesized starting from the Paal-Knorr product 8. Thus, introduction of a formyl group
under Vilsmeier conditions ° afforded regioselectively the pyrrole-2-carbaldehyde 9 which could be transformed
to the methylenemalononitrile 10 and the oxazole 11 ' using the above mentioned reaction conditions. As a further
test compound and flexible synthetic intermediate, we prepared the 2-iodopyrrole 12 by iodination of 8 with NIS.
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OO~ O 0 g = 00, 4

4 X =
b|:5 X=0 7
6: X =C(CN),

dl _
OO~ OO =~ 00T

8 f [: 9:X=0
10: X = C(CN),
R
— o0y oo
NN NN
—— —
12 13a: R=Ph
_L——13b:R=SiMe3
13c:R=H

a: 2,5-dimethoxytetrahydrofuran-3-carbaldehyde (1.2 eq), NaOAc, AcOH, 75°C, 2 h (95%). b: CH,(CN), (1.2 eq),
piperidine, MeOH 70%, RT, 1 h (75%). c: 5, TosMIC (1.2 eq), NaOMe (3.1 eq), MeOH, reflux, 5 h (35%). d:2,5-
dimethoxytetrahydrofuran (1.3 eq), NaOAc, AcOH, 75°C, 3h (91%). e: POCI, (2.0 eq), DMF, 0°C, 30 min (63%).
f: CHy(CN), (1.2 eq), piperidine, MeOH 70%, RT, 1 h (87%). g: 9, TosMIC (1.3 eq), NaOMe (2.0 eq), MeOH,
reflux, 3 h (82%). h: NIS (1.1 eq), AcOH/CH,Cl,, -60°C, 1 h (79%). i: RCCH (R=Ph, SiMe,), Pd(PPh,), (0.06 eq),
Cul (0.14 eq), EtMe,N, THF, RT, 3-4.5 h (84%, 81%). j: Bu,NF (1.1 eq), THF, -15°C, 15 min (71%).
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Palladium-catalyzed coupling under Sonogashira conditions allowed the introduction of alkyne residues as
representatives for conjugated sp-hybridized x-systems.'? Employing Pd(PPh,), and Cul as an effective catalyst
combination as well as THF as a solvent and EtMe,N as a base, the phenylacetylene derivative 13a and the alkynyl
silane 13b could be prepared in high yield. Fluoride induced desilylation of 13b gave the terminal alkyne 13c."

Receptor binding profiles of the test compounds 5-13 were determined in vitro by measuring their ability to
displace [*H]spiperone from the cloned human dopamine receptor subtypes D2,,,,, D2, D3 '*and D4.4 “*stably
expressed in CHO cells.' D1 affinities were assessed via competition experiments using bovine striatal membrane
preparations and the D1 selective radioligand [*HJSCH 23390."” The Ki values of the test compounds were
compared to those of the atypical antipsychotic drug clozapine which is known for its D4 preference. The binding
data depicted in Table I indicate the influence of the %-systems localized in position 2 or 3 of the pyrrole ring. It
was found, that the attachment of a formyl, dicyanoviny] or oxazolyl function resulted in an enhancement of D4
binding when compared to the synthetic intermediates 8 and 12. The strongest D4 recognition was exhibited by the
oxazolylpyrroles 7 and 11 when the 2-substituted regioisomer (11) indicated higher affinity (Ki = 63 nM) but
reduced selectivity over the D2 and D3 subtypes. Compared to clozapine, the oxazolyl substituted
piperidinylpyrrole 11 showed a 4-fold lower affinity for the human D4.4 receptor and comparable D3 binding.
However, the selectivity for D4.4 over D2,,,, D2,,,, and D1 was significantly higher. Strong reduction of the D4
binding was observed for the alkynyl substituted pyrroles 13a-c. In conclusion, it was found that pyrrole derived
structures can serve as representatives for the Ar2 moiety of D4 ligands when a suitable extension of the ®-system
is provided.

Table 1: Binding data (I.(i values [nM]) of substituted piperidinylpyrroles emPloying %N/\j
human dopamine D2,,,, D24, D3 and D4.4 as well as bovine D1
receptors.'
Compound Y Pos. D1 D2, D20 D3 D4.4
5 CHO 3 61 000 49 000 65 000 31 000 960
6 CH=C(CN), 3 14 000 13 000 18 000 7 000 230
7 oxazol-5-yl 3 39 000 3400 3200 6 800 130
8 H - 34 000 8 500 9 800 15 000 1100
9 CHO 2 5 800 1400 1500 2 500 200
10 CH=C(CN), 2 15 000 11 000 7 800 5100 280
1 oxazol-5-yl 2 10 000 610 320 770 63
12 I 2 11 000 8 500 5300 2 600 1500
13a C=CPh 2 16 000 10 000 8 300 8 700 3300
13b C=CSiMe, 2 14 000 6200 4 900 7700 2700
13c C=CH 2 14 000 6 600 6 300 7 900 940

clozapine 420 41 28 960 16




3146

C. Haubmann et al. / Bioorg. Med. Chem. Lett. 9 (1999) 3143-3146

Acknowledgments: The authors wish to thank Dr. HH.M. Van Tol (Clarke Institute of Psychiatry, Toronto), Dr. J.-C.
Schwartz and Dr. P. Sokoloff (INSERM, Paris) as well as Dr. J. Shine (The Garvan Institute of Medical Research, Sydney)
for providing dopamine D4, D3 and D2 receptor expressing cell lines, respectively. Thanks are due to Mrs. H. Kiding, Mrs.
B. Linke and Mrs. P. Schmitt for skillful technical assistance. This work was supported by the Fonds der Chemischen
Industrie.

References and Notes:

1.

2.
3.
4

o

10.
11.

12.

13.
14,

15.
16.
17.
18.

Sibley, D.R.; Monsma Jr, F.J. TiPS 1992, 13, 61.

Seeman, P. Pharmacol. Rev. 1980, 46, 229.

Andersen, P.H; Nielsen, E.B. Drug News & Perspectives 1991, 4, 150.

Van Tol, H.H.M.; Bunzow, J.R.; Guan, H.-C.; Sunahara, R K.; Seeman, P.; Niznik, H.B.; Civelli, O. Nature 1991, 350,
610.

Seeman, P.; Guan, H.-C.; Van Tol, H.H.M. Nature 1993, 365, 441.

Liegeois, J.-F.; Eyrolles, L.; Bruhwyler, J.; Delarge, J. Curr. Med. Chem. 1998, 5, 77.

For examples, see: Kulagowski, J.J.; Broughton, H.B.; Curtis, N.R.; Mawer, L.M.; Ridgill, M.P.; Baker, R.; Emms, F.;
Freedman, S.B.; Marwood, R.; Patel, Sh.; Patel, Sm.; Ragan, C.I.; Leeson, P.D. J. Med. Chem. 1996, 39, 1941. Lober,
S.; Hiibner, H.; Gmeiner, P. Bioorg. Med. Chem. Letters 1999, 9, 97. Thurkauf, A.; Yuan, J.; Chen. X.; Wasley, L. W.F.;
Meade, R.; Woodruff, K.H.; Huston, K.; Ross, P.C. J. Med. Chem. 1995, 38, 4950 and references cited therein.
Thurkauf, A.; Yuan, J.; Chen. X.; He, X.S.; Wasley, J.W.F.; Hutchison A.; Woodruff, K.H.; Meade, R.; Hoffman D.C.;
Donavan, H.; Jones-Hertzog, D.K. J. Med. Chem. 1997, 40, 1. Arlt, M.; Bottcher, H.; Riethmiiller, A.; Schneider, G.;
Bartoszyk, G.D.; Greiner, H.; Seyfried, C.A. Bioorg. Med. Chem. Letters 1998, 8, 2033.

For examples, see: Rowley, M.; Broughton, H.B.; Collins, I.; Baker, R.; Emms, F.; Marwood, R.; Patel, S.; Patel, S.:
Ragan, C.I.; Freedman, S.B.; Leeson, P.D. J. Med. Chem. 1996, 39, 1943. Rowley, M.; Collins, 1.; Broughton, H.B.;
Davey, W.B.; Baker, R.; Emms, F.; Marwood, R.; Patel, S.; Patel, S.; Ragan, C.I.; Freedman, S.B.; Ball, R.; Leeson,
P.D. J. Med. Chem. 1997, 40, 2374. Moore, K.W.; Bonner, K.; Jones, E.A.; Emms, F.; Leeson, P.D.; Marwood, R.;
Patel, S.; Patel, S.; Rowley, M.; Thomas, S.; Carling, R.W. Bioorg. Med. Chem. Letters 1999, 9, 1285. Carling, R W ;
Moore, K.W.; Moyes, C.R.; Jones, E.A.; Bonner, K.; Emms, F.; Marwood, R.; Patel, S.; Patel, S.; Fletcher, A.E.; Beer,
M,; Sohal, B.; Pike, A.; Leeson, P.D. J. Med. Chem. 1999, 42, 2706 and references cited therein.

Haubmann, C.; Hiibner, H.; Gmeiner, P. Bioorg. Med. Chem. Letters 1999, 9, 1969.

Van Leusen, A M.; Hoogenboom, B.E.; Siderius, H. Tetrahedron Lett. 1972, 23, 2369.

NMR data of selected final products: '"H NMR (CDCl,, 360 MHz): 7 & (ppm) = 1.93-2.07 (m, 4H, 3-H,, 5-H,), 2.12
(ddd, J=11.3, 11.3, 3.2 Hz, 2H, 2-H,,, 6-H,), 2.97-3.05 (m, 2H, 2-H,, 6-H,.), 3.55 (s, 2H, PhCH,N), 3.82 (1t, J=10.6,
5.2 Hz, 1H, 4-H), 6.34 (dd, J=2.8, 1.7 Hz, 1H, 4-H, pyrrole), 6.74 (dd, J=2.8, 2.3 Hz, 1H, 5-H, pyrrole), 6.97 (s, 1H, 4-
H, oxazole), 7.03 (dd, J=2.3, 1.7 Hz, 1H, 2-H, pyrrole), 7.26-7.37 (m, 5H, Ph), 7.74 (s, 1H, 2-H, oxazole). 11 8 (ppm)
=1.92-2.16 (m, 6H, 3-H,, 5-H,, 2-H,,, 6-H,,), 2.98-3.06 (m, 2H, 2-H,, 6-H,,), 3.54 (s, 2H, PhCH,N), 3.99-4.10 (m, 1H,
4-H),6.23 (dd, J=3.7, 2.7 Hz, 1H, 4-H, pyrrole), 6.42 (dd, J=3.7, 1.7 Hz, 1H, 3-H, pyrrole), 6.93 (dd, J=2.7, 1.7 Hz, 1H,
5-H, pyrrole), 7.03 (s, 1H, 4-H, oxazole), 7.26-7.36 (m, SH, Ph), 7.89 (s, 1H, 2-H, oxazole). 13¢ & (ppm) = 1.88-2.05
(m, 4H, 3-H,, 5-H)), 2.15 (ddd, J=11.7, 11.7, 2.7 Hz, 2H, 2-H,,, 6-H, ), 2.98-3.05 (m, 2H, 2-H,, 6-H,), 3.37 (s, 1H,
CCH), 3.55 (s, 2H, PhCH,N), 4.19 (tt, J=11.5, 4.6 Hz, 1H, 4-H), 6.09 (dd, J=3.7, 2.7 Hz, 1H, 4-H, pyrrole), 6.46 (dd,
J=3.7, 1.7 Hz, 1H, 3-H, pyrrole), 6.77 (dd, J=2.7, 1.7 Hz, 1H, 5-H, pyrrole), 7.24-7.36 (m, 5H, Ph).

Alvarez, A.; Guzmén, A ; Ruiz, A ; Velarde, E.; Muchowski, J.M. J. Org. Chem. 1992, 57, 1653. Thorand, S.; Krause,
N. J. Org. Chem. 1998, 63, 8551.

Hayes, G.; Biden, T.J.; Selbie, L.A.; Shine, J. Mol. Endocrinol. 1992, 6, 920.

Sokoloff, P.; Andrieux, M.; Besancon, R.; Pilon, C.; Martres, M.-P.; Giros, B.; Schwartz, J.-C. Eur. J. Pharmacol.
1992, 225, 331.

Asghari, V.; Sanyal, S.; Buchwaldt, S.; Paterson, A.; Jovanovic, V.; Van Tol, H.HM. J. Neurochem. 1995, 65, 1157.
For experimental details, see: Thomas, C.; Hiibner, H.; Gmeiner, P. Bioorg. Med. Chem. Letters 1999, 9, 841
Ohnmacht, U.; Trinkle, C.; Mohr, K.; Gmeiner, P. Pharmazie 1999, 54, 294, and references cited therein.

Binding data are the means of two to three experiments performed in triplicate at eight concentrations.



