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Enyne metathesisis is a powerful carbaarbon bond-forming Scheme 1. Cross Metathesis of Diynes
reaction that generates a 1,3-diene from an alkene and an dlkyne.
In our efforts toMexpand the scope of the el\;yne ring-closing Ol \f"
metathesis (RCM) and cross metathesis (CM)we became o G| ey E \
interested |n(l 3- d?ynes as a new class of Sl(JbstZate We surmised " Lo ”2—- - R
that CM of diyne2 and alkenes catalyzed by carbene comglex 2 R | \ 3
would have a certain selectivftyfor either 3 or 4 because the o Rh,lHC - ) NHC
formation of intermediateslp] and [1b] would be directed by the 2N o =RuCl, -
adjacent alkyne (Scheme 1). Moreover, a metallotropic [1,3]%shift —4, a TLOCLR . Z — R |
might ensue in the case dflf] to generate a new alkylidenéd], R [1b] L _&w el "
providing 1,5-diene-3-ynd as a final product. The possibility of 4
metallotropic [1,3]-shift, although not explicitly proposed, iS sScheme 2. Enyne RCM and Metallotropic [1,3]-Shift
implicated in the RCM with substrates possessing diynes reported R . R LaRu
by van Otterlo” However, because neither CM nor the metallotropic ~ Enyne RCM RN N L"Rg JE— g R

Mes—Ns—~N-Mes

[1,3]-shift involving diynes has been reportdtle outcome of these
manifolds of reaction cannot be predicted.

m

\ ifm-0

From a mechanistic standpofhtye believe metallotropic [1,3]- )j
shift and enyne RCM are in the same class of reactions. Thus, the "’E’f‘gi‘_‘;mp“’ e NN B ! e p— /<R”L"
metallotropic [1,3]-shift can be considered a special case of enyne R LRu~- R R
RCM with no tether ih = 0) between the ene and the yne )j

counterparts (Scheme 2). Notwithstanding the mechanistic similar-
ity, the kinetic and thermodynamic details between the two are r4p0 1. CM of Symmetric and Unsymmetrical 1,3-Diynes?
expected to be substantially different. For example, based on a

theoretical investigation, the enyne RCM is not fully reversible yet 1 (5 mol %) CGF;;

the metallotropic [1,3]-shift is expected to be reversfisi®Herein RE="="F | ctene @5 equiv) A= %Rz

we report the reactivity and selectivity of CM and RCM reactions 2a-i CH,Cl, 40 °C 3a-i

of 1,3-diynes and convincing evidence for a facile metallotropic

[1,3]-shift of ruthenium carbenes. entry diyne 2 R Ro enyne3  Z/E yield (%)°
The characteristic CM behavior of 1,3-diyAkwas first exam- 1 2a NN NN 50:50 62

ined with symmetrical and unsymmetrical diynes (Table 1).

Treatment of symmetrical diynéa—d and 1-octene (2.5 equi¥) 2 A°°/;f Ll*/o:co he 3 ouss 72

with catalystl (5 mol %) provided CM product8a—c (entries 3 2 y E)\/\ph 3¢ 982 88

1-3) as mixtures of two isomers in moderate to good yields except

for diyne 2d (entry 4). The lack of reactivity o2d is presumably 4 2d MesSi—f  §—SiMes 3d - 0

due to the steric hindrance of the silyl grodgshe structure of 5 2% EeSi—f NN 3e 4159 77

prod_ucts_3a—c was e_stabhs_hed unamblguogsly_ by extenswe NMR o B % ome of soia1 o

studies in combination with chemical derivatizatidnA salient

feature of this CM process is the mono-CM event at only one alkyne 7 29 Bsi—f v R‘,I;Ts 39 4357 91

moiety of the diyne. The isolation of producs—c implies that ) )\

the alkyne moiety of 1,3-enynes is less reactive toward metathesis ® 2 BS—f % ome sh B2 6

compared to that of 1,3-diynes probably due to the steric and 0 9 EtySi—} “LL’)\M/TS 3 %82 P

e

stereoelectronic deactivatidhWhile the origin of the highZ/E-
selectivity_ is yet to be justified, CM of substram_: possessing 2 Diynes 2a—i and 1-octene (2.5 equiv) with catalyst(s mol %) in
propargylic secondary acetate provided prod@eteith excellent CHCl (0.02 M) under reflux for 46 h. Y Isolated yield ¢ Starting material
Z-selectivity (entries 3). was recovered.

Based on the observed CM reactivity and selectivity of sym- (entries 5-9). The substrates possessing branched and heteroatom-
metrical diynea—d, we expanded the substrate scope to unsym- functionalized propargylic carbon gave excellefiselectivity
metrical diyne2e—i that possess both silyl and alkyl substituents (entries 8 and 9), whereas the unbranched substrates gave mixtures
on each end of diyne. As expected, under typical CM conditions, of E/Z-isomers (entries57). The absence of the expected [1,3]-
1,3-diyne2e—i reacted only at the alkyl substituted alkyne moiety metallotropic shifted product of typkthroughout the CM in Table
to provide single regioisomeric CM produ@s—i in high yields 1 clearly indicates the role of an alkyne as a directing group to
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Scheme 3. Divergent RCM of Enediynes
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Table 2. RCM-Induced Metallotropic [1,3]-Shift?
CM product

entry enediyne yield (%)?

AW N =

89°¢

OAc

7

aWith catalystl (5 mol %) in CHCl, (0.003 M) under reflux for 46
h. P NMR-based yield with internal standard (anthracefédolated yield.

control the regioselectivity, favoring the formation of an inter-
mediate of type Ia] from diynes2a—i.

We envisioned that by reversing the regioselectivity to form an
intermediate of typelb] via an initial RCM of 1,3-diynes, the
expected [1,3]-shift might be induced. Indeed, when enediyze
was treated with catalyst a single productl5 was obtained in
quantitative yield, the structure of which was unambiguously
elucidated after its conversion tb7,'6 while the RCM of 12b
generatedL6 exclusively (Scheme 3). We believe that bdiPa
and 12b underwent initial RCM to generate intermediaf3ab,
which then followed divergent reaction paths depending on the steric
hindrance of substituents. Alkylided&a, possessing a less hindered
methoxymethylene at the terminal position of diyne, underwent
[1,3]-shift to 148 which turned over to the observed prodaé&
Another plausible scenario is based on a lower barriddafto 15
compared to that of3ato the corresponding final product while
13a and 14a are in rapid equilibrium. On the other hand, the
opposite is true foll3b because of the bulky silyl substituent at
the terminal position of the alkyne, which providEgexclusively.

Next, we examined the generality of RCM and [1,3]-shift
behavior with enediyne$8a—h. Gratifyingly, the RCM reactions
with these substrates provided efficient metallotropic [1,3]-shift
except for one case (Table 2)RCM of substrated8a—c form

five- to seven-membered siloxanes accompanied by the expected

[1,3]-shift to give productd9a—c exclusively (entries +3) while

that of 18d provided eight-membered siloxai®d and19d in a

1:5 ratid® (entry 4). Substratd8e with terminal dialkyne is a
particularly good substrate for [1,3]-shift to gi@e (entry 5). All
carbon- and ether-tethered substréigfg yielded the correspond-

ing 1,3-shifted producl9f,g in high yield (entries 6 and 7). The
efficient conversion of dienediyn#8h to 19h (entry 7) further
supports the sequence of enyne RCM-[1,3]-shift-RCM as depicted
in Scheme 3. This mechanistic hypothesis involves the formation
of a 1:1 adduct between the substrate and ruthenium alkylidene
followed by its metallotropic [1,3]-shift and final RCM.

In conclusion, we have demonstrated that the CM of 1,3-diynes
provides excellent regioselectivity, which does not depend on the
substituents on the alkynes, whereas Hig-selectivity showed
strong dependency on the substituent. The RCM of substrates
possessing a 1,3-diyne moiety undergoes smooth ring closure
followed by facile metallotropic [1,3]-shift to give products that
contain fully conjugated 1,5-diene-3-ynes. Further exploration of
mechanistic and synthetic aspects of this bond reorganization
process is in progress.
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