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A practical and efficient synthesis of methyl 6,7,8,9-tetrahydropyrido[1,2-a]indol-10-ylacetate deriva-
tives 6 is reported. This synthetic approach featured the nucleophilic aromatic substitution of 2-piperi-
dinemethanol derivatives 2 with aryl fluorides 1, and the intramolecular Heck coupling as key steps to
afford the desired N-fused tricyclic indoles 6.

© 2010 Elsevier Ltd. All rights reserved.

6,7,8,9-Tetrahydropyrido[1,2-alindole core is commonly found
in various therapeutic compounds, such as prostaglandin D, recep-
tor DP, (CRTH2) antagonists,! protein kinase C inhibitors,? and
GSK-3 inhibitors. Despite broad medicinal chemistry interest in
6,7,8,9-tetrahydropyrido[1,2-a]indole core, there are relatively
few synthetic methods for its preparation. The construction of
the N-fused tricyclic indole structural motif generally relies on in-
dole substrates as the starting material for the ring expansion
strategies.* The transition metal-catalyzed cyclization is also
reported as a key step for the preparation of N-fused tricyclic in-
doles from the optionally substituted aromatics. A drawback asso-
ciated with these approaches is that the intermediates for the
cyclization reaction require multistep syntheses.” Moreover, C-3
substituted methyl acetate is notoriously difficult to access from
these available synthetic methods. Hence, there is a need for a
new methodology that would allow rapid access to methyl
6,7,8,9-tetrahydropyrido[1,2-a]indol-10-ylacetate analogues 6.

Herein, we report a practical and efficient method for the syn-
thesis of methyl 6,7,8,9-tetrahydropyrido[1,2-a]indol-10-ylacetate
derivatives 6. We envisioned that 6 could be prepared via the pal-
ladium-catalyzed intramolecular Heck coupling of functionalized
o,B-unsaturated ester 5 (Scheme 1). This key intermediate could
be derived from the nucleophilic aromatic substitution (SyAr) of
2-piperidinemethanol derivatives 2 with aryl fluorides 1 followed
by oxidation and Wittig reactions.

We began our investigation with 3-bromo-4-fluorobenzonitrile
1a and 2-piperidinemethanol 2a as model substrates to explore the
nucleophilic aromatic substitution reaction (Scheme 2). We first
tried standard SyAr conditions using DMSO as the solvent and ce-
sium carbonate as the base.® These conditions resulted in predom-
inant displacement of fluoride by the alcohol functional group to
provide O-arylated product 3f. Variation of the temperature did
not improve the N-arylated product ratio. The key breakthrough
in our search for the optimal SyAr reaction conditions occurred
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when we treated 3-bromo-4-fluorobenzonitrile 1a with 2-piperi-
dinemethanol 2a in DMSO in the absence of cesium carbonate at
100 °C. These reaction conditions gave N-arylated piperidinemeth-
anol 3a in 22% yield. Although the yield of 3a was modest, we
decided to pursue the reaction sequence toward intramolecular
Heck coupling to evaluate the viability of our methodology.
N-Arylated piperidinemethanol 3a was submitted to the Swern
oxidation conditions to afford aldehyde 4a, which was then treated
with methyl (triphenylphosphoranylidene)acetate to generate the
corresponding o,B-unsaturated methyl ester 5a in 80% yield. Next,
we investigated the reactivity of 5a under intramolecular Heck
reaction conditions. Palladium(Il) acetate, N-methyldicyclohexyl-
amine, and tetrabutylammonium bromide were quickly found to
be the best combination to prepare methyl 6,7,8,9-tetrahydropyr-
ido[1,2-a]indol-10-ylacetate 6a in 67% yield from 5a.2
Encouraged by our initial results, we sought to examine the
scope and the generality of the method by exploring the effects
of other electron-withdrawing groups on the aryl fluorides 1 in
SNAr reaction conditions. General reaction conditions of SyAr were
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Scheme 1. Retrosynthetic analysis of methyl 6,7,8,9-tetrahydropyrido[1,2-a]indol-
10-ylacetate analogues.
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Scheme 2. Reagents and conditions: (a) 1a-c (1.0 equiv), 2a (1 equiv) in DMSO at 100 °C; (b) 1b-c (2.0 equiv), 2b (1.0 equiv), N-methyldicyclohexylamine (2.0 equiv) in NMP
at 120 °C; (c) (CO),Cl, (1.2 equiv), DMSO (3.0 equiv), CH,Cl,, —78 °C to —40 °C, then EtsN (5.0 equiv), —78 °C to 0°C; (d) methyl (triphenylphosphoranylidene)acetate
(1.5 equiv), THF, rt, except for 4a at 40 °C; (e) N-methyldicyclohexylamine (2.6 equiv), BusNBr (1 equiv), Pd(OAc), (0.2 equiv), DMF, 120 °C.

used. Using nitro as electron-withdrawing group on the benzene
ring 1b—c gave high isolated yields of 3b and 3¢ (84 and 85% yield,
respectively). Interestingly, the SyAr reaction was more efficient
with nitro group on the benzene ring. N-arylated piperidinemeth-
anols 3b and 3c were subsequently converted into the correspond-
ing N-fused tricyclic indoles 6b using the same Swern, Wittig, and
Heck reaction sequence.

Next, we examined the effect of amines on the SyAr reaction by
using (5-methoxypiperidin-2-yl)methanol 2b. A methoxy group
was introduced to the piperidine to act as a masked ketone in cases
of further functionalization.

As 2b is not commercially available, we needed to design a syn-
thetic method for the preparation of this key intermediate. The
reaction sequence is shown in Scheme 3. One-pot esterification
and etherification of 5-hydroxypicolinic acid 7 using silver carbon-
ate and methyl iodide in acetonitrile afforded ester 8. Treatment of
8 with 3.5 equiv of Dibal-H converted the methyl ester into the
corresponding alcohol 9 in 78% yield. Hydrogenation using 5% rho-
dium on alumina in methanol under 50 psi pressure of hydrogen
yielded (5-methoxypiperidin-2-yl)methanol 10 as an oil.? To ease
the handling, the crude (5-methoxypiperidin-2-yl)methanol 10
was converted into the corresponding tosylate salt 2b in 75% yield.

With tosylate salt 2b in hand, it was allowed to react with
2-bromo-1-fluoro-4-nitrobenzene 1b and 2-chloro-1-fluoro-4-
nitrobenzene 1c¢ under SyAr conditions. It was found that NMP at
120 °C was the best condition for the preparation of 3d and 3e.
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Scheme 3. Reagents and conditions: (a) Ag,COs; (4.0 equiv), Mel (4.0 equiv),
CH3CN; (b) Dibal-H (3.5 equiv), toluene, —78 °C to 0 °C; (c) 5% Rh/Al,03 (0.12 equiv),
H, (50 psi), MeOH; (d) TsOH (1.0 equiv), EtOAc.

Following the same Swern, Wittig, and Heck reaction sequence,
we successfully prepared 6d.

So far, only o,B-unsaturated methyl ester partner was explored
in the intramolecular Heck coupling which allowed direct access to
C-3 methyl acetate. We believe that such strategy will have useful
application in the synthesis of CRTH2 antagonists which are com-
monly constituted of acetic acid functional group at C-3.!

In conclusion, we have developed a novel and practical meth-
od for the preparation of methyl 6,7,8,9-tetrahydropyrido[1,2-
alindol-10-ylacetate analogues. The efficient synthesis of piperi-
dinemethanol, the convenient four step sequence, and the various
aryl fluorides commercially available make this methodology a
very attractive alternative for the synthesis of methyl 6,7,8,9-tet-
rahydropyrido[1,2-a]indol-10-ylacetate analogues. Application of
Buchwald-Hartwig amination or Ullmann N-arylation for the
preparation of analogues 3 to expand the scope of N-arylation,
and ultimately this methodology, are underway, and will be re-
ported in due course.

Acknowledgment

We thank Ms. Stéphanie Lessard (Merck Frosst) for her help in
the manuscript preparation.

Supplementary data

Supplementary data (experimental details for all reactions and
spectral data for new compounds) associated with this article
can be found, in the online version, at doi:10.1016/j.tetlet.2010.
10.155.

References and notes

1. (a) Wang, Z. PCT International Patent Application WO 2010031182, 2010.; (b)
Colucci, J.; Boyd, M.; Zaghdane, M. H. PCT International Patent Application WO
2010031183, 2010.; (c) Stearns, B. A.; Baccei, C.; Bain, G.; Broadhead, A.; Clark, R.
C.; Coate, H.; Evans, ]. F.; Fagan, P.; Hutchinson, J. H.; King, C.; Lee, C.; Lorrain, D.
S.; Prasit, P.; Prodanovich, P.; Santini, A.; Scott, J. M.; Stock, N. S.; Truong, Y. P.
Bioorg. Med. Chem. Lett. 2009, 19, 4647-4651.

2. (a)Bit, R. A.; Davis, P. D.; Elliott, L. H.; Harris, W.; Hill, C. H.; Keech, E.; Kumar, H.;
Lawton, G.; Maw, A.; Nixon, J. S.; Vesey, D. R.; Wadsworth, ]J.; Wilkinson, S. E. J.
Med. Chem. 1993, 36, 21-29; (b) Davis, P. D.; Hallam, T. J.; Harris, W.; Hill, C. H.;
Lawton, G.; Nixon, J. S.; Smith, J. L.; Vesy, D. R.; Wilkinson, S. E. Bioorg. Med.
Chem. Lett. 1994, 4, 1303-1308; (c) Tanaka, M.; Sagawa, S.; Hoshi, J.-I1.; Shimoma,
F.; Yasue, K.; Ubukata, M.; Ikemoto, T.; Hase, Y.; Takahashi, M.; Sasase, T.; Ueda,
N.; Matsushita, M.; Inaba, T. Bioorg. Med. Chem. Lett. 2006, 14, 5781-5794.


http://dx.doi.org/10.1016/j.tetlet.2010.10.155
http://dx.doi.org/10.1016/j.tetlet.2010.10.155

124

3.

4.

NC. Br
T &
o/\[j

3f

Gong, L.; Hirschfeld, D.; Tan, Y.-C.; Hogg, ]. H.; Peltz, G.; Avnur, Z.; Dunten, P.
Bioorg. Med. Chem. Lett. 2010, 20, 1693-1696.

(a) Bit, R. A;; Davis, P. D.; Hill, C. H.; Keech, E.; Vesey, D. R. Tetrahedron
1991, 47, 4645-4664; (b) Caddich, S.; Aboutayab, K.; Jenkins, K.; West, R. I.
J. Chem. Soc., Perkin Trans. 1 1996, 675-682; (c) Bennasa, M. L.; Roca, T.;
Ferrando, F. Org. Lett. 2004, 5, 759-762; (d) Ishikura, M.; Ida, W.; Yanada,
K. Tetrahedron 2006, 62, 1015-1024; (e) Lu, S.-C.; Duan, X.-Y.; Shi, Z.-].; Li,
B.; Ren, Y.-W.; Zhang, W.; Zhang, Y.-H.; Tu, Z.-F. Org. Lett. 2009, 11, 3902-
3905.

N. Koay et al./ Tetrahedron Letters 52 (2011) 122-124

. (a) Siebeneicher, H.; Bytschkov, L.; Doye, S. Angew. Chem., Int. Ed. 2003, 42, 3042-

3044; (b) Fayol, A.; Fang, Y.-Q.; Lautens, M. Org. Lett. 2006, 8, 4203-4206; (c) Li, G.;
Huang, X.; Zhang, L. Angew. Chem., Int. Ed. 2008, 47, 346-349; (d) Takaya, J.;
Udagawa, S.; Kusama, H.; Iwasawa, N. Angew. Chem., Int. Ed. 2008, 47, 4906-4909;
(e) Fuchibe, K.; Kaneko, T.; Mori, K.; Akiyama, T. Angew. Chem., Int. Ed. 2009, 48, 1-5.

. Trump, R. P.; Blanc, J.-B. E.; Stewart, E. L.; Brown, P. ].; Caivano, M.; Gray, D. W.;

Hoekstra, W. ].; Willson, T. M.; Han, Bajin.; Turnbull, P. J. Comb. Chem. 2007, 9,
107-114.

. 3-Bromo-4-fluorobenzonitrile 1a (2.0 g, 10 mmol), 2-piperidinemethanol 2a

(1.4 g, 12 mmol), and cesium carbonate (3.9 g, 12 mmol) were combined in
DMSO (20 mL) and heated to 40 °C for 24 h. These reaction conditions gave a
trace amount of the desired N-arylated piperidinemethanol 3a. Significant
amount of O-arylated piperidinemethanol 3f was isolated (1.9 g, 64% yield).

. Bosch, J.; Roca, T.; Armengol, M.; Fernandez-Forner, D. Tetrahedron 2001, 57,

1041-1048.

. Snider, B. B.; Neubert, B. ]. Org. Lett. 2005, 7, 2715-2718.



	Practical and efficient synthesis of N-fused tricyclic indoles
	Acknowledgment
	Supplementary data
	References and notes


