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Synthesis of 1,5-naphthylethynyl nanostructure networks with
extended m-conjugation. Effective heterocoupling catalyzed by
palladium under a compatible CO, atmosphere
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Abstract—The synthesis of a new extended m-conjugated 5-N,N-dimethylaminonaphthyl family was undertaken by palladium-cat-
alyzed cross-coupling reaction between a protected S-iodonaphthylethynyl and 1-ethynyl-5-(V,N-dimethylamino)naphthalene.
Under an argon atmosphere, only the homocoupling product 1,4-(N,N-dimethylamino)naphthyl-1,3-butadiyne was isolated, in
excellent yield. However, under a compatible and pure carbon dioxide atmosphere, the cross-coupling product was obtained in
excellent yield. © 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction

The synthesis and characterization of nanometer-sized
conjugated molecules of precise length and constitution
are of great interest, due to their inherent synthetic
flexibility which permits the design of molecular archi-
tectures with important properties.!> Molecules show-
ing extended m-conjugation in general exhibit high
thermal stability and can present electroconductive,
magnetic and optical properties.?
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Thesynthesisofconjugated arylalkynes was achieved by
the palladium-catalyzed heterocoupling of terminal alky-
nes with haloarenes.* However, heterocoupling competes
with the Eglinton—Glaser homocoupling reaction, reduc-
ing more or less the yield of the heterocoupling product.®

We report the heterocoupling reaction in high yields
under a compatible and pure carbon dioxide atmo-
sphere, avoiding the undesired homocoupling, which is
the sole product under an argon atmosphere.
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Scheme 1. Reagents and conditions: (i) Na,S, NH,OH; 80°C; (ii)) NaNO,, H,SO,; KI; (iii) SnCl,-2H,0, ethyl acetate, reflux; (iv)
HCO,H (37%), acetonitrile, NaBH;CN, glacial acetic acid, rt; (v) 2-methyl-3-butyn-2-ol, Cl,Pd(PPh;),, Cu,l,, Et,NH, rt; (vi)

NaOH (powder), toluene, reflux.
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2. Discussion

The synthesis of 1,5-naphthalene conjugated nanostruc-
tures has been undertaken from ethynylnaphthalene
units. 5-(N,N-dimethylamino)naphthylethyne (5) was
prepared by a multistep process from 5-(N,N-dimethyl-
amino)-iodonaphthalene (4). Compound 4 was pre-
pared by selective reduction of 1,5-dinitronaphthalene
with sodium sulfide in a concentrated aqueous ammo-
nia solution, giving 5-nitronaphthalen-1-amine (1)
(54%) as the main product and 1,5-diaminonapthalene
(2) (34%).° The nitro group in compound (1) was
reduced with stannous chloride in ethyl acetate in excel-
lent yield (93%);” it was treated with sodium
cyanoborohydride and formic acid (37%) in acetonitrile
to give 4 in practically quantitative yield.®

Finally, heterocoupling reaction between 4 and 2-
methyl-3-butyn-2-ol, catalyzed by palladium, yields
quantitatively 4-[(5-N,N-dimethylamino)-1-naphthyl)-2-
methylbut-3-yn-2-ol (7), which will be used in the hete-
rocoupling reaction with the acetylene 5 (Scheme 1).°.

The heterocoupling between 5 and iodoaryl derivatives
serves to prepare nanostructures with an electron-
releasing N,N-dimethylamino group at the end of the
conjugated system.!° However, this heterocoupling
reaction, catalyzed by the CL,Pd(PPh,),/Cu,l, system,
in diethylamine (or triethylamine or pyridine), under an
argon atmosphere at room temperature, always gives
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1,4-di[5-(N,N -dimethylamino)naphthyl- 1,3 -butadiyne
(8), mp 176-178°C, in practically quantitative yield
(Scheme 2).

The oxidative homocoupling of acetylene 5 is an Eglin-
ton—Glaser reaction catalyzed by cuprous iodide in
diethylamine, with the residual oxygen present in the
argon atmosphere, presumably catalyzed by the palla-
dium. The oxidative dimerization is a secondary reac-
tion always present through the Sonogashira catalyst
system.’

To avoid the residual oxygen necessary for the oxida-
tive dimerization, we prepared a high-density carbon
dioxide inert atmosphere, compatible with the catalyst
system.

This atmosphere was prepared as follows: a dispersion
of the components in dry triethylamine was placed in a
Schlenk tube (5, 70 mg, 0.36 mmol; 4, 107 mg, 0.36
mmol; triethylamine, 30 mL; CL,Pd(PPh;),, 25 mg,
0.036 mmol; and Cu,l,, 0.7 mg, 0.0036 mmol, 1%
molar). Then, carbonic dry-ice rods were added and
maintained in slow sublimation until a white dense
cloud was formed. The carbon dioxide atmosphere was
slowly displaced with an external stream of carbon
dioxide, bubbled through the diethylamine solution.
Next, the Cl,Pd(PPh;),/Cu,l, catalyst system dispersed
in dry diethylamine, under a CO, atmosphere, was
added and the mixture stirred at room temperature,
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Scheme 2. Reagents and conditions: (1) X=4, or 7, or 1,4-diodobenzene; argon atm. Cl,Pd(PPh;),/Cu,l,, Et,NH (or Et;N or Py);

(ii) CLLPd(PPhs),/Cu,L,, ELN, CO, atm. at rt.



monitoring by TLC.
naphthylethyne (9) mp 99-101°C, was isolated in prac-
tically quantitative yield (95%), while the 1,3-diyne 8
was only detected at a low level (3%).

J. G. Rodriguez, J. L. Tejedor / Tetrahedron Letters 44 (2003) 2691-2693 2693

1,2-Di[5-(N,N-dimethylamino)-

In the same way, the heterocoupling between S and:

(i) p-diiodobenzene gives 10 in good yield (90%) mp
173-175°C and 8 in low yield (5%);

(i1) 7 gives 11 (87%), mp 120-121°C and 8 in low
yield (5%);

(iii) 2-methyl-4-(p-iodophenyl)-butyn-2-ol gives 12
(96%), mp 100-102°C and 8 in low yield (2%).

In all the cases, the same reaction under an argon

atmosphere, yields 8 as the unique homocoupling
product in practically quantitative yield.!!
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