Tetrahedron Letters 51 (2010) 281-283

journal homepage: www.elsevier.com/locate/tetlet

Contents lists available at ScienceDirect

Tetrahedron Letters

Synthesis of new thieno|3,2-b]pyridine derivatives by palladium-catalyzed
couplings and intramolecular cyclizations

Ricardo C. Calhelha, Maria-Jodo R. P. Queiroz *

Centro de Quimica, Universidade do Minho, Campus de Gualtar, 4710-057 Braga, Portugal

ARTICLE INFO ABSTRACT

Article history:

Received 24 September 2009
Revised 27 October 2009
Accepted 28 October 2009
Available online 3 November 2009

Two methyl 3-aminothieno[3,2-b]pyridine-2-carboxylates were prepared from 3-fluoro or 3-nitropicoli-
nonitriles and methyl thioglycolate in DMF/KOH(aq). From the unsubstituted precursor in the pyridine
ring, di(hetero)arylamines were obtained by C-N Buchwald-Hartwig coupling with bromonitrobenzenes
and with 2-bromopyridine. In the latter case a tetracyclic compound was formed by intramolecular cycli-

zation. Using a brominated derivative in the pyridine ring as a coupling component, it was possible to
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synthesize C-C (Suzuki and Sonogashira) and C-N (Buchwald-Hartwig) coupling products and a tetracy-
clic compound obtained by bifunctionalization of the thienopyridine system.

© 2009 Elsevier Ltd. All rights reserved.

Thienopyridine derivatives have shown interesting biological
activities. Namely diheteroarylamine derivatives of the thie-
no[3,2-b]pyridine skeleton,! substituted thieno[3,2-b]pyridine ur-
eas,’ and thieno[3,2-c]pyridine ureas® were shown to be
inhibitors of the vascular endothelial growth factor receptor (VEG-
FR-2) mediator of the biological function of the vascular endothe-
lial growth factor (VEGF), related to angiogenesis and metastasis.

Two derivatives of the thieno[3,2-c]pyridine moiety, the (+)-(S)-
methyl  2-(2-chlorophenyl)-2-(6,7-dihydrothieno[3,2-c]pyridin-
5(4H)-yl)acetate, clopidogrel*® (Plavix®) and the 5-(2-chloroben-
zyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine, ticlopidine® (Ticlid®),
are being used in the clinic as antiplatelet agents to inhibit blood
clots in coronary artery disease, peripheral vascular disease, and
cerebrovascular disease.

Among the methods used to prepare the thieno[3,2-b]pyridine
moiety, Fort et al. reported an efficient method by using a three-
step process allowing the construction of the thiophene ring. The
key step was the regioselective lithiation-bromination of the 3-
methylthiopyridine followed by Sonogashira coupling and halo-
genocyclization producing the fused heterocycles.®

Here we present the synthesis of two thieno[3,2-b]|pyridines 1a
and 1b as components for palladium-catalyzed couplings by reac-
tion either on the pyridine or on the thiophene ring. Compounds 1
were prepared in excellent yield, reacting the 3-fluoropicolinonit-
rile (for 1a) or the 5-bromo-3-nitropicolinonitrile (for 1b) with
methyl thioglycolate in DMF using an excess of KOH(aq)
(Scheme 1), following a known procedure.” Compound 1a was al-
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ready prepared by Dunn and Norrie in only 35% yield from 3-chlo-
ropicolinonitrile and thioglycolate in DMF, using sodium
methoxide as the base.®

The di(hetero)arylamines 2a,b were obtained in high yields by
C-N Buchwald-Hartwig coupling,'® of compound 1a with bromo-
nitrobenzenes using xantphos (4,5-bis(diphenylphosphane)-9,9-
dimethylxanthene) as the ligand, (Scheme 2, i). The use of this li-
gand promotes the C-N coupling of deactivated amines.”

Compounds 2a,b were reduced in very high yields, to the corre-
sponding amino compounds 3a,b even without the purification of
the nitro precursors (Scheme 2, ii)."" In the reduction of compound
2a to compound 3a, the formation of the corresponding lactam did
not occur. The use of iron and acetic acid at 115 °C'? did not reduce
the nitro compounds. Compounds 3 can be further functionalized
by several types of reactions.

From compound 1a we were also able to synthesize the tetracy-
clic compound 4 by a tandem C-N coupling with 2-bromopyridine
followed by intramolecular cyclization involving the nucleophilic
attack of the pyridine nitrogen on the carbonyl of the ester group

NH,
N N
X C CO,Me N
| " DMF NN
= - > CO,Me
R! R? SH KOH(aq) ~¢

ice bath
ice ba 1a,R' = H, 95%
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R' = Br, R?=NO,

Scheme 1. Synthesis of methyl 3-aminothieno[3,2-b]pyridine-2-carboxylates 1a®
and 1b.°
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Scheme 2. Synthesis of di(hetero)arylamines 2a,b by C-N coupling of 1a with
bromonitrobenzenes and reduction to the amino compounds 3a,b. Reagents and
conditions: (i) Pd(OAc), 15 mol %, xantphos 18 mol %, 2 equiv Cs,COs, dry dioxane,
2 h, 120 °C; (ii) 1 equiv NH4Cl, 8 equiv Fe, EtOH/THF/H,0 (3:1:0.5), 80 °C, 2 h.

Scheme 3. Synthesis of the tetracyclic compound 4 from 2-bromopyridine and
compound 1a. Reagents and condition: (i) Pd(OAc), 15 mol %, xantphos 18 mol %,
2 equiv Cs,COs, dry dioxane, overnight, 120 °C.

with loss of MeOH (Scheme 3). This type of reaction was already
performed by us in the benzo[b]thiophene series.”

Using compound 1b as a coupling component we have obtained
C-C Suzuki coupling'® products 5, using arylpinacolborates'4 or
potassium aryltrifluoroborate salts,'®> in high to excellent yields
(70-90%) (Scheme 4). The corresponding boronic acids under the
same conditions did not react to afford the Suzuki products.

From compound 1b and arylacetylenes we have obtained the C-
C Sonogashira'® products 6 in high to excellent yields (70-90%)
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Scheme 4. Synthesis of Suzuki coupling products 5 from compound 1b and
arylpinacolborates or potassium aryltrifluoroborate salts. Reagents and conditions:
(i) PdCl,(dppf)-CH,Cl, (1:1) 2 mol %, 6 equiv K,CO3, DME/H,0 (3:1), 1-3 h, 90 °C.

(Scheme 5, i). In the synthesis of the di(hetero)arylamines (50—
60%) by C-N coupling from 1b and arylamines, rac-BINAP (rac-
2,2'-bis(diphenylphosphino)-1,1’-binaphthyl) which is a more gen-
eral ligand was used (Scheme 5, ii). The use of xantphos as a ligand
gave as minor products bifunctionalized di(hetero)arylamines
resulting from other C-N coupling involving the bromine of com-
pound 1b and the free amino group of the di(hetero)arylamines
formed.

The bifunctionalization of compound 6b by C-N coupling with
2-bromopyridine gave the tetracyclic compound 8 (Scheme 6).
Other reactions on the amino group of the system are also possible.

In summary we were able to obtain a wide variety of new thi-
eno[3,2-b]pyridine derivatives from two functionalized starting
materials, using C-C and C-N palladium-catalyzed couplings and
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Scheme 5. Synthesis of Sonogashira products 6 and C-N Buchwald-Hartwig coupling products 7 from 1b. Reagents and conditions: (i) PdCly(PPhs), 5 mol %, Cul 3 mol %,
3 equiv NEts , dry DMF, Ar, 100 °C, 1.5 h; (ii) Pd(OAc), 16 mol %, rac-BINAP 18 mol %, 1.8 equiv Cs,COs, toluene, 100 °C, Ar.
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Scheme 6. Synthesis of a tetracyclic compound 8'7 from reaction of compound 6b with 2-bromopyridine. Reagents and conditions: (i) Pd(OAc), 15 mol %, xantphos 18 mol %,

2 equiv Cs,COs, dry dioxane, overnight, 120 °C.
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intramolecular cyclizations when 2-bromopyridine was used as a
C-N coupling component. The fluorescence of the tetracyclic com-
pounds obtained in this work will be studied and compared with
earlier results on a benzothienopyridopyrimidone prepared by us
from a benzo[b]thiophene derivative.'® The ability to bifunctional-
ize 1b makes it a key compound in this series.

The biological activity of the compounds obtained will be stud-
ied in collaboration with other research groups.
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