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The bond reorganization processes, defined as metallotropic shift, Scheme 1. Sequential Metathesis and Metallotropy (M&M)

of various alkynyl carbene complexes with Rivin,2 Re? Cr* X R X R
Mo,* and W* metals have been reported. The rearrangement L.Ru
involving Rh, Cr, Mo, and W is a [1,3]-shift (eq 1), while that LRCH Il ospsnit I Il reu
with Mn and Re is formally defined as a [1,1.5]-shift (eq 2). " l Il f Il
However, the metallotropic shift of ruthenium alkynyl carbene “\ Rem -

X va, X Y

complexes has not been observed until recéenBecause the n
metallotropic [1,3]-shift of a transient ruthenium carbene complex X N

was involved in the enyne ring-closing metathesis (RCM) of diyne-
containing substrates (eq 8 we surmised that these two bond
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LM [1,3]-shift ML,

LM [1,1.5]-shift ML, . . .
R ./'_—L_R- (eq2) Table 1. Enyne Metathesis and Metallotropic [1,3]-Shift2
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reorganization processes may share a close mechanistic relationship.
Also, due to their tandem bond-forming and -breaking nature, both ﬁ\ f 2b,X=0 3b,X=0 63
processes can be incorporated into a synthetic design in multiple 3 X o” 26, X=NTs Sy o° 3¢, X=NTs 47
combinations such that an efficient access to remarkably complex o o
networks can arise. The prerequisite for this supposition is that the

equilibrium composition or the reactivity of the equilibrating alkynyl e
ruthenium carbene species in eq 1 or 3 can be controlled to allow

. . : ~ e -
only one of the regioisomeric carbene complexes to react selectively. \L
In this vein, the controlled [1,3]-shift behavior of an alkylidene X . OVY o X Sveo
; ; : . 4 ,X=0,Y= 3d,X=0,Y= 51
derived from ruthenium comple¥® depending on the substituent s 26 X=0, Y =NTs 3o X=0.Y=NTs a5

is highly instrumental (eq 3 On the basis of this observation,

we envisioned that, if properly designed, an alternating metallotropic j\
[1,3]-shift and enyne RCM could produce a single propagating 1 A N
carbene species that would travel along a linear poly-1,3-diyne

(—=[XCH,CCCCCH],—), generating an enediyne anetonjugated \L I

oligoenynes (Scheme 1}In this sequential enyne metathesis and N v X

metallotropic [1,3]-shift (M&M) event, the overall catalytic process s ° 2% X=0.Y=0 X0 Y=0 32
initiated from one of the terminal alkenes would relay the metal  ; 29, X=NTs,Y =0 3g,X=NTs,Y=0 36

carbene to the proximate alky#&!® Suppressed by strain from

effecting a RCM reaction, the newly formed alkynyl carbene would

undergo a [1,3]-shift, creating a new carbene effectively positioned 2 With catalystl (5 mol %) in CHCl (0.02 M) under reflux for 4-8 h.

for a facile metathetical closure to a five-membered ring. Herein * 'solated yield< Yield under ethylene atmosphere.

we report one-step constructidrof enediynes and oligoenynes

enabled by the uniquely controlled repetitive metallotropic [1,3]- ©Of 2awith 1 (5 mol %) in CHCI, (40 °C) provided the desired

shift of ruthenium carbene species and its RCM. product in 86% yield. The presence of ethylene during the reaction
First, the planned M&M sequence was examined in a general was found to be deleterious, which is contrary to the well-known

sense with the lowest homolog@a (Table 1, entry 13> Treatment beneficial ethylene effect in normal enyne metath&slsis also
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Figure 1. X-ray structure of3c.

Scheme 2. M&M with an Alkyne-Terminating Group
o

(o)
o
j [t Jl
X X X X
4a, X=0 5a (49%)
4b, X=NTs 5b

6a (30%)
6b (27%)

surprising that the 1,3-diyne moieties in the substrate did not
undergo CM with ethylen&’ indicating that enyne RCM between
the terminal alkene followed by the metallotropic [1,3]-shift and
the terminating second RCM should be faster than CM of the
propagating ruthenium carbene with ethylene. Next, a longer
homologue with three diyne units between two terminal alkenes
was tested. The all-oxygen-containing chainprovided 63% yield

of M&M product 3b (entry 2), whereas thi-tosyl-group-bearing
substrate2c afforded a lower yield (47%) o8c (entry 3). The
symmetric nature of these product structures is apparent in their
IH and 3C NMR spectra, which was further confirmed by X-ray
diffraction analysis of3c (Figure 1).

The effectiveness of this serial M&M sequence for the formation
of oligoenynes is further demonstrated by using longer substrate
homologues. Treatment of substra?eksand2ewith catalystl under
typical RCM conditions providedis-oligoenynes3d (X = O, Y
= 0) in 51% vyield (entry 4) an®e (X = O, Y = NTs) in 45%
yield (entry 5), respectively. The overall isolated yields of these

that the electronic and geometrical constraints for both processes
are similar, yet further study is necessary to provide a more accurate
mechanistic picture for the lattét.The reaction mechanism and
the utility of this bond-forming process will be further explored.
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