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The cycloaromatization of easily prepared enediyiiedecom- Scheme 12
ing a reliable tool for the formation of fused aromatic systems.
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Recent explorations of the synthetic aspect of enediyne chemistry Z a R
have led to the preparation of aromatic rings fused to saturated
N R'
P
b

ring systemg,of linear acenes anpleri-condensed naphthalenes, AS
) . 1

as well as of highly substituted poly(paraphenyleh@)sd cross-
linked polymer$ The discovery of technologically promising — R 48h
electronic properties in fused aromatic compotnalerscores the ©<:<<Te
importance of new synthetic routes to such systems. =

A significant drawback to the cycloaromatization reactions of
the synthetically useful acyclic enediynes is the high temperature

required for the reaction (typically in excess of 1&0) combined
with the expense of the volatile hydrogen atom source required for Scheme 22

R
a Reaction conditions: (a) 18T, benzene, 1,4-cyclohexadiene, sealed
vessel. (b) Ngl'e, hydrazine, benzene/water, PTC60%.

the reaction. Both of these factors severely reduce material SiMes

throughput, limiting the utility of the reaction. Inducing cycloaro- Z aborc

matization of enediynes under milder conditions has been an active —_
area of research for the past decade. Photochemical Bergman R

reactions, for example, have been reported to occur at room 2 SiMeg

temperature, but typically require specific substitution of the alkynes  ® Reaction conditions: (a) benzene, 10% agqueous NaOH, hydrazine, 1.1
(i.e., 1, R= R = alkyl or aryl), and the high dilution conditions ~ €quiv of T€, 2 equiv of NaBH, Aliquat 464, 40°C, ultrasound 8 h, 73%.

. L . L . (b) benzene, 10% aqueous NaOH, hydrazine, 0.1 equiv 9fZ'equiv of
required to avoid intermolecular reactions further limit synthetic NaBH,, Aliquat 464, 40°C, ultrasound, 24 h, 69%. (c) benzene, 40%

applicability” The promotion of cycloaromatization with organo-  aqueous NaOH, 1 equiv of Te3 equiv of NaBH, Aliquat 464, 200 W
metallic species has proved to be a somewhat more versatiletungsten lamp, 60C, 6 days, 65%.

strategy, with the most common approach involving the function-

alization of the ends of the enediyne with ligands or metal chel&tors. layer. Fortuitously, this added base also performs desilylation of
Other approaches involve addition of vinylidine carbene to a enediynes such & allowing direct conversion of the more stable
monosubstituted enediyhand rate acceleration by aryl complex-  silylated enediynes to the cycloaromatized product. Performing this
ation of Cp*Ru to a cyclic enediyn®.These systems all undergo  reaction in an ultrasonic bath leads to efficient mixing of the
cycloaromatization at lower temperatures in the presence of metalaqueous and organic layers and dramatically accelerates the rate
ions, the drawback being the requirement of specific functional of the reaction (most likely at the Te extrusion st&p).

groups on the alkynes. As shown in Scheme 2a, desilylation/cycloaromatization of the
In 1991, Tsuchiya and co-workers explored the synthesis of simple silylated arenediyne occurs#v0% yield at 40°C, using
benzotellurepines by the hydrotelluration of an enedijn&/hile stoichiometric Té. This reaction is scalable, with only a slight

the expected benzotellurepine was indeed formed in good yield, decrease in yield (68%) on a 5-g scale 2f In principle,
the authors noted that the major decomposition product of this regeneration of the telluride during the course of the reaction could
species was naphthalere in essence, the cycloaromatization be exploited to make the reaction catalytic in°Téndeed, the
product! In light of the rich chemistry that has since been developed reaction proceeds in nearly the same yield when only 10 mol % of
around the reaction of tellurium and tellurides with alkyfesie tellurium is used, with the only difference being an increase in
decided to investigate hydrotelluration as a milder alternative to reaction time (Scheme 2b). In practice, the low cost, low toxicity,
thermal cycloaromatization of acyclic enediynes. and ease with which the tellurium byproducts can be removed make
The conditions reported for the reaction shown in Scheme 1 (path the faster stoichiometric reaction more synthetically useful.
b, R= R = H) involved the addition of sodium telluride to a It has been speculated that the addition of telluride to alkynes
biphasic (benzene/water) mixture of the arenediyne, hydrazine, andproceeds by a radical-anion-chain mechanism, with the hydrazine
phase-transfer catalyst. Our investigations of this reaction had theacting as an electron don¥rRecent reports of carbotelluration of
goals of finding an alternative to expensive and air-sensitive sodium alkynes under illuminatioh§ led us to suspect that the hydrazine
telluride® optimizing conditions for efficient conversion to the could be eliminated if the reaction were carried out photochemically.
cycloaromatized product, and exploring the range of functionality Thus, the conditions shown in Scheme 2c were used to produce
tolerated by the reaction. naphthalene in 65% yield. While the ability to carry out the reaction
Sodium telluride is conveniently generated from tellurium powder in the absence of reactive hydrazine is advantageous, the significant
and sodium borohydride in water. To stabilize the aqueous increase in reaction time again makes the thermal conditions more
borohydride solution, sodium hydroxide was added to this aqueousgenerally useful.
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Table 1. Tellurium-Mediated Cycloaromatization Reactions of enediynes further substituted on the alkyne were also not amenable
Substituted Arenediynes to cycloaromatization under these conditihsDisubstituted
SiMes derivatives 1, R= R’ = alkyl or aryl) were completely unreactive,
R=nHexyl 65%3 while monosubstituted derivativel, R = H, R = alkyl) underwent

hydrotelluration of the terminal alkyne (in poor yield), but no further
reaction occurred even at elevatedl(Q0 °C) temperaturé?
In conclusion, we have demonstrated a rapid, mild, and scalable
y tellurium-mediated cycloaromatization reaction. The reaction condi-
Oﬂ 0.0 30920 tions tolerate the typical functionality required for solubilization
O of organic electronic materials based on polycyclic aromatic
SiMes compounds and allow the large-scale preparation of technologically
important fused aromatic systems in generally good yield.
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