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A Novel Palladium-Catalyzed Homocoupling of Chart 1
Alkynylstannanes: A New Synthetic Approach to
Extended Linear-Carbon Polymers
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A catalytic and highly efficient synthesis of sgp carbor-
carbon bonds will play a key role in the synthesis of not only R—=—SsnMe, R—%R
linear-carbyne but also many other molecules such as poly- ta. R = SnMe,

(ynes) and other materials that approach an all-carbon composi-'?* ® = SiMes 2m;n= >2,R =S
tion (Chart 1)* Alkynylstannanes are readily available and (SiPY)Pdl,  (SiPy)Pd 2C;n=2,
|

R =P
stable synthetic intermediates and have been effectively em- g: n- 5 2 jgsm(t-am
ployed in palladium-catalyzed cross-coupling reacti®riEhe T
Stille cross-coupling reaction using alkynylstannanes currently '\_ﬁ
provides a very efficient and mild method for the construction
of sp—sp? carbon-carbon bond3. However, the construction ) .
of an sp-sp carbor-carbon bond has received relatively litle  Table 1. Homocoupling of (Trimethylstannyl)alkynes
attention. The Hay modificatidrof the Glaser reaction is the entry organostannane product yield %)
most commonly used synthetic methodology for the synthesis

H—H

h 1 MesSn-G=C-SnMe 2a,n>2
of diynes. The methodology has been used to prepare low MesSiC=C-SnMe, 2b 95
molecular weight polymeric poly(ethynyl) materid@lsMore 3 Ph-G=C-SnMe 2c 93
recently, the synthesis of diynes has been accomplished using 4 (4-t-BuGH,)-C=C-SnMeg 2d 85
a copper-mediated cross-coupling of iodonium alkynyl salts with 5 (4-MeOGH,)-C=C-SnMg ~ 2e 90

copper(l) acetylide$. , a Reactions were carried out in GON/CDCE (3/1, viv) at ambient

In this paper, we present methodology for the creation of temperature, 2 mol % of (SiPy)PdChnd 1.0 mol equiv off)-1,2-
sp—sp carbon-carbon bonds based on a palladium-catalyzed diiodoetheneCaution Toxic organotins are used and produced in this
homocoupling of alkynylstannanes. The new synthetic meth- reaction. Precautions should be taken to avoid any contact with these
odology can be used to prepare diynes, poly(yne) materials, and chemicals and to dispose of the waste propérlyMR yields based
through the addition of carbon monoxide, an unique functional °" an internal standard, 1,1,1-trichloroethane.
group of yne-E)-ene-one-yne.

Treatment of (trimethylstannyl)ethynyl derivatives wi){ oxidized alkynylstannane bond intact. Use of {PpPdCL as

diiodoethenin acetonitrile/chloroform (3:1, viv, respectively) —the precatalyst using conditions in Table 1 showed no significant

and in the presence of our palladium catalyst, {Si€2- catalytic homocoupling of the alkynylstannatie.
pyridyl);]PdCh,® hereafter referred to as (SiPy)PdCaffords Treatment Qf. bls(trlmethylstannyl)ethyne under thg homo-
rapid and complete homocoupling of the organostannane reagenfOUpIIng conditions produces oligomeric and polymeric poly-
at ambient temperature (Scheme 1, Tablé 1) cases where ethyne). The for_matlon of_ high molecular welght_ material
the diyne is sterically encumbered (Table 1, entry 2), the (Table 1, entry 1) is best evidenced by the change in-uig

: ; g : g bsorption maxima to dmax of 460 nm. Furthermore, we
palladium species (SiPy)Pdkrystallizes from the reaction & _ max '
mixturel® The latter species can be isolated and reused as©PServe aseries of well-definddax peaks (262, 282, 298, 326,

catalyst. TheE)-diiodoethene shows a remarkable selectivity 354, and d374 I?m)' rl:or oligom;aric m?]ter!alsd ghese bgnds

for oxidation of the palladium(0) species, leaving the easily C0'respond well with previously synthesize tdappe
oligomeric materiald? Gel permeation chromatography analy-

(1) Diederich, F.; Rubin, Y.; Knobler, C. B.; Whetten, R. L.; Schriver,  sis of the polymerization mixture produces a peak corresponding
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(9) The acetonitrile cosolvent is found to greatly accelerate the reaction incremental changes, starting at 500 nm, and going to shorter wavelength,
rate and leads to improved chemical conversion of the alkynylstannane we could observe a concomitant decrease in the average MW of the polymer.
reagent. This is consistent with thén.x decreasing with MW (i.e., chain length).

(10) The single-crystal molecular structure was determined by X-ray Spectral datalH NMR (CDCls) 6 6.85 (d,J = 16 Hz, 1 H, HG=), 6.45
diffraction. General cell parameters were the following: monocliniccC2/  (d, J = 16 Hz, 1 H, HG=), 0.19 (s, 18 H, SiChk); 13C NMR (CDCk) 6
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reaction. To our knowledge, this is the first catalytic route to
The palladium-catalyzed polycondensation produces poly- this interesting compilation of functional groufs.

meric material{ M,, = 4000-10000; polydispersity= 2.5} in We are continuing to explore the full synthetic potential for
only 30 min, at ambient temperature, and in reasonable chemicalthe both the homocoupling and carbonylative cross-coupling
yield (85%, Scheme 2). The polycondensation can be run in reactions. We have also initiated a mechanistic study to better
acetonitrile or other polar solvents such as dimethylformamide. understand how polymer chain growth is occurring and then to
The polar solvent facilitates iodine atom transfer from the vinyl use this knowledge to prepare well-defined poly(ethyne)-based
diiodide partner. If we limit the diiodoethene, we find thatMe materials.
Snl is capable of oxidizing palladium(0) [producing Me
SnSnMg; hence, complete consumption of the alkynylstannane  Acknowledgment. Support of this work by the Office of Naval

monomer is observed (Scheme 2). Research is greatly appreciated. M.J.P. wishes to thank the Alexander
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produces 1,7-bis(trimethylsilyl)hept-1,6-diynE{en-3-one in
moderate isolated yield (eq ). We find that only a single  JA9705553
molecule of carbon monoxide is used per cross-coupling

(15) A multistep synthesis of a cycliz-isomer for this particular

(14) The product was purified by bulb-to-bulb distillation (0.1 mmHg) functional group array (yne-ene-one-yne) has been reported: Toshima, K.;
to afford 1,7-bis(trimethylsilyl)hept-&)-en-1,6-diyn-3-one (45%, bp 120 Yanagawa, K.; Ohta, K.; Kano, T.; Nakata, Wetrahedron Lett1994 35,
125°C at 0.1 mmHg). 1573.




