10736 J. Am. Chem. So000,

Migrating Alkynes in Vinylidene Carbenoids: An
Unprecedented Route to Polyynes

Sara Eisler and Rik R. Tykwinski*

Department of Chemistry, Upérsity of Alberta
Edmonton, Alberta, T6G 2G2 Canada

122,10736-10737

Table 1. Synthesis of Triyne®a—g from Dibromoolefins4da—g
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The Fritsch-Buttenberg-Wiechell (FBW) Rearrangeménif
alkylidene carbenoidsl( M = metal) or carbene] is a well-
established method for the synthesis of acetyl@rBsis trans-
formation has been applied to numerous systems in which the
migrating group il or 2, R! or R?, is an aryl or heteroaryl moiety,

a hydrogen atom, or an alkyl group (for which 1,5-8 insertion

Br. Br nBuLli,
-78 to —40 °C, ] 5
R———=—=—R
Z X
. = RS R2 hexanes sa-g
4a-g

R! R? triyne yield (%}
4a i-PrSi i-PrSi 5a(70y
4b MesSi MesSi 5b (0)
4c i-PrSi MesSi 5c(61)
Adc MesSi 1-naphthyl 5d (70)
4e i-Pr;Si 1-naphthyl 5e(62)
Af n-Bu n-Bu 5f (80)
49 n-octyl n-octyl 5g (66)

is impossible} In many cases, this rearrangement has been
particularly effective in the formation of cyclic acetylenic systems
that are otherwise difficult to synthesiZelo our knowledge,
however, alkynes have never been made to migrate in a FB
rearrangement.

M. X )J\ M Br
R‘IRZ R' R® = Xy ,
1 2 R' 3 R

With this report we show that alkyne moieties readily undergo
1,2-shifts via an intermediate alkylidene carbene/carbenoid spe-
cies. In these reactions, lithiuaihalogen exchange between
n-BuLi and 1,1-dibromo-2,2-diethynylethenes initiates alkyne
migration and affords synthetically useful yields of a wide range
of polyynes. The dibromoolefinic precursors are readily available
and can be strategically functionalized in order to afford polyyne
systems that are difficult or impossible to attain by other methods.

We expected that lithiumhalogen exchange betwesfBulLi
and the appropriate 1,1-dibromoolefin could effectively generate
the requisite carbenoid intermedig@€ In fact, intermediate3
(M = Li) has been previously generated at low temperature by
others from4ab (Table 1)7® Evidence of carbene formation,
however, was not reported in these cases. Our initial experiments
toward3 utilized the more stable triisopropylsilyl (TIPS) protected
4a. To a solution of4a in THF at —78 °C was added a slight
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a|solated yields after column chromatographyor an alternative
synthesis, see ref 5Reaction conducted at TC.

excess oh-BuLi, and the reaction mixture was slowly warmed
to room temperature. Quenching after various reaction times,
however, failed to provide evidence of the formation i
Consistently isolated from these reactions was the product
expected from protonation & during the workup process.

It was anticipated that perhaps the poor solvating ability of a
less polar solvent might favor decomposition of intermedite
and initiate the FBW rearrangement. As a result, the reaction with
4a was conducted in hexanes, with quite satisfying results.
Addition of n-BuLi to a hexanes solution ¢fa at —78 °C and
warming to—40 °C effected lithium-halogen exchange followed
by rearrangement to the desired triysee(Table 1)? The reaction
is very clean, and no product resulting from protonation of
intermediate8 was observed. Conversely, reaction of trimethyilsilyl
(TMS)-protected dibromoolefidb!® under analogous reaction
conditions gave disappointing resutall attempts to generate
triyne formation from 4b have been unsuccesstdt? The
rearrangement reaction with differentially protectai® on the
other hand, gave a good yield of the triyBe This suggested
that perhaps the presence of a TIPS-protected alkyne moiety was
necessary for the desired rearrangement. The successful rear-
rangement of 1-naphthyl derivativéd to afford the TMS-
protected triynebd, however, shows that the presence of the
TIPS—C=C moiety is not a requiremeft.Comparable to the
formation of 5d, the reaction of TIPS-protectetk provided a
62% vyield of5e

Appending an alkyl substituent to the enyne framework, as in
4f and 4g, allows for a competing intramolecular-& bond
insertion reaction? depending on the rate of alkyne migratitri®
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Intramolecular cyclization was not anticipated #frdue to the
significant ring strain that would be generated in the product. As
such, the reaction odf under standard conditions provided an
80% yield of5f. Precursorg, however, contains pendamoctyl
substituents of sufficient length to allow— bond insertion.
o-Elimination of4g effected only formation of the desired triyne
5g, and no evidence of intramolecular cyclization was observed.
The formation of5g and lack of insertion products from these

reactions suggests that the FBW rearrangement process is quite

fast and successfully competes with intra- and intermolecular
insertion or addition reactions for these cases.

The formation of5a—f demonstrates a straightforward and
useful route into a variety of symmetrical and unsymmetrical
substituted triynes. We sought next to explore the scope of this
new method toward extended polyynes that would be more
difficult or impossible to synthesize using established method-
ology. In particular, systems that involve the concurrent or

sequential rearrangement of more than one carbene/carbenoid

species were targeted (eq 1). Tetrabronfide accessed easily

SiiPr,

Br

nBulLi,
—781t0—40°C,
hexanes

70% (4]

iPr,Si

— ——SiiPr;

from 4c via protodesilylation and oxidative acetylenic homo-
coupling?” Reaction of6 with 2.2 equiv ofn-BuLi provided an
excellent yield of dodecahexayias highly crystalline red solid.
Using a similar strategy, tetrabromi@egave the unprecedented
hexayned (eq 2). One might envision the synthesisQfor the

B SiMeg
;
/ nBuLi,

Br o — . 7 —44 °C,

/ - /7 = »—Br hexanes

4 BY 50%
Me;Si 8 @
MeSi——== N/ ————SiMe;
9
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nBuLi,
—78to —40 °C,
SiMes hexanes
B 26%

SiMe; 10

®

Me,Si SiMe,

equiv of n-BuLi to a dilute solution of hexabromid&0 at —78

°C and warming to—40 °C successfully effected the formation

of tris(triyne) derivativell in 26% yield. Whereas the yield of

11 is modest, it is quite simple to purify (as areand9). All
major byproducts from these reactions are considerably more polar
than the desired polyynes and are easily removed via column
chromatography. The highly unsaturatéd is isolated as a
surprisingly stable solid, and it represents a valuable precursor
toward expanded carbon networKs.

In conclusion, we have demonstrated the first known examples
of alkyne migrations in a FritschButtenberg-Wiechell rear-
rangement via lithiumhalogen exchange in 1,1-dibromo-2,2-
diethynylethenes. This rearrangement can be effected on a variety
of substrates, and it tolerates silyl, aryl, acetylenic, and alkyl
substitution on the precursor dibromo-olefins. Most significant,
however, is the ability to accomplish multiple FBW rearrange-
ments within the same molecule. This promises to provide a
synthetic route to a wide range of extended polyynes that are
currently difficult or impossible to produce using known methods.
The extension of this methodology to longer linear, as well as
cyclic polyyne systems, is currently underway.
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