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Electrocyclization of aromatic enynes can be achieved by a metal-

catalyzed reaction via the generation of a metal vinylidene
intermediate (Scheme 1, eq3Merlic and Pauly first reportéd
the aromatization of dienyl alkynes using a Ri(@lcymenes)PPh
catalyst. lwasawa and co-work&schieved similar results with
W(CO)(THF) catalyst. This tungsten catalyst also effected the
electrocyclization ob-(iodoethynyl)styrenes to give iodo-substituted
naphthalen@? and the mechanism is thought to involve tungsten-
iodinated vinylidene intermediates. On the basis of this principle,
the metal-catalyzed aromatizationatethynyl)phenyl ketonésand
aldehydé has recently been developed to give useful oxygen-

containing compounds. Surprisingly, none of these catalytic reac-

tions is accomplished by cationic metal complexes, which may lead
to a novel skeletal rearrangement in electrocyclization via the
generation of reactive carbocation intermediatés.this report,
we describe the cleavage of carbararbon and carboerhalide
bonds in the aromatization of(ethynyl)styrenes using a cationic
ruthenium complex. Notably, the regiochemistries for the 1,2-shifts
of aryl and halo substituents are completely different (Scheme 1,
eq 2).

We first examined the catalytic transformations of various
o-(ethynyl)styrenes with TpRu(PB(CH3;CN),PFR (10 mol %)

catalyst to study the structural effects of the substrates. The results

are summarized in Table 1. As shown in entries3]1this catalyst
effected the aromatization of monosubstituted2'41 or 1',1-
disubstituted, and'1l',2'-trisubstituted styrene derivativds-4 to
naphthalene derivative—9 (>88% yields) without migration of
the styryl substituent. This method is also applicable to the
cyclization of 2-iodovinyl derivative5 (E/Z =1.1); but with a
remarkable 1,2-shift of the iodo-substituent to the terminal alkyne
carbon, based on the results with a deuterated sadiple A
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Table 1. Aromatization of Various O-(Ethynyl)styrenes

substrates products a,b substrates products
"o OO @C @5
1 6 (95%) 3R=H 8 R=H (92%)
4R=Bu 9 R=Bu(87%)
X Y X
Q @5@@
=
GC SNy
5a X=H,Y=I° 10a X=H,Y=1(80%)
-2x R TX=H(88%) y5ax=D Y= d-10aX=D,Y =1(83%)

d-7,X=D (91%) g.5p X =D, Y = Br d-10b X =D, Y = Br (30%)

210 mol % catalyst, [substrate} 0.05 M in toluene, 110C, 6-8 h.
bYields were reported after separation from the silica colufamixture
of Z/E isomers was present f&a, d-5a, and5b.

We also observed a 1,2-aryl shift for the aromatization of various
2-(2-aryl-vinyl)ethynylbenzenes even though the parent compound
d-2 failed to show such a phenomenon (Table 1, entry 2). As shown

similar phenomenon is observed for the 1,2-bromo shift based onin Table 3 (entries 1,2), the'-aryl group preferably underwent a

the cyclization of a deuterated sampdebb, but the yield of
3-bromonaphthalend-10b is low (30%).

We prepared various 2-(®doethenyl)ethynylbenzenes to ex-
amine the generality of this cycloisomerization. The halide species
11a—17 contain a mixture oZ andE (E/Z = 1.5-1.0) isomers.
Most of the samples were prepared in deuterated form to confirm
the 1,2-shift. Entries 14 show the suitability of this reaction with
a change in th@ara-phenyl substituents (R OMe, 'Bu, Me, F),
with the methoxy group being the most effective. The relative
positions of the deuterium, iodo, and methoxy groups of product
18awere confirmed byH NOE spectr& Such an iodo shift works
well not only for metamethoxy, 3,4-(methylenedioxy), and 3,4-
dimethoxyphenyl group$2, 13, 14b (entries 5, 6, and 8), but also
for dienyl alkyne derivative45and16 (entries 9, 10). A low yield
(40%) of naphthalen2lawas obtained for the bromo shift (entry
7). For 1-ethyl-2-iodovinyl speciek?, two naphthalene®4aand
24bwere obtained in equal proportions, resulting from nonmigration
and 1,2-migrations pathways, respectively.
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1,2-shift to the Lvinyl carbon rather than the terminal alkyne
carbon. The NMR spectral data of naphthalene derivatB&5
and32B are identical to those of authentic samples prepared from
independent routésThis shift is favored by electron-donating
groups mainly on the migrating aryl R group and less onpidue-
phenyl substituent X according to the results in entrieg 1

We prepared deuterated sampleés4b and d-31 to better
understand the mechanism of migration. As shown in Scheme 2,
the I-vinyl proton of compoundl4b remains unshifted, whereas
the alkynyl proton undergoes 1,2-migration to the internal alkynyl
carbon (entries+2). In contrast, the'ivinyl proton of compound
31 undergoes 1,2-migration to its-2arbon (entry 3), whereas the
alkynyl proton migrates to the internal carbon (entry 4). We finally
prepared a'®C-containing sample31 which has 10 atom %
enrichment at thesCHPh carbon. Notably, thEC NMR spectrum
of the resulting produc38A shows the enrichment at140.0 that
is assigned to be the quartern&iyh carbon according t6C—H
HMBC spectra.
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Table 2. Aromatization of 2-(2'-lodovinyl)ethynylbenzene

substrates products®? substrates products
D I D
R = NNF MeO MeO X
X Br 14a X =Br (40%)21a

(1) R=0Me 11a R = OMe 18a (82%) (g X = | 14b X = 1 (78%) 21b
(2) R=Bu11b R ='Bu 18b (72%) D [ D
(3) R=Me 11c R = Me 18c (68%) = N
(4) R=F11d R =F 18d (65%) | OI P

Me°©o)j' e O 15 e
_ oo, o Q.
6) 12 19 (82%) (1*’(;‘) 6 23 (90%)

6 13 20 (80%)

_ Et .l
¢ SO0 o /l\x
0 = 0TI NANF

Et

X=H 3 =1 (35%) 24a
(1) 17 X=1, H(38%)24b

210 mol % catalyst, [substrate} 0.05 M in toluene, 110C, 6-8 h.

bYields were reported after separation from the silica column.

Table 3. 1,2-Aryl Shift for 2-(2'-Arylvinyl)ethynylbenzene

R

R

R :
pe ettt e e ad

substrates

products (yields)®

(1) X =Y =H, R=Me (25
(2) X =Y =H, R= OMe (26)

(3) X =OMe, Y = H, R= Me (27)

(4) X = OMe, Y = H, R= OMe (29)
(5) X =Y = O—CH,~0O, R=H (29
(6) X =Y = O—CH,—0, R= Me (30)
(7) X =Y = 0—CH,—0, R= OMe (31)

32A (35%),32B (35%)
33A (60%),33B (15%)
34A (54%),34B (18%)
35A (64%),35B (6%)

36A (18%),36B (56%)
37A (61%),37B (15%)
38A (73%),38B (trace)

a8 mol % catalyst, [substrate} 0.05 M in toluene, 110C, 6-8 h.

bYields were reported after separation from the silica column.
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a 1,2-shift of a carboncarbon bond to generate intermedi&te
Notably, a loss of deuterium content of naphthal@8& (75%)

was observed as compared to its starting compai8d (95%).

This information suggests that speckesindergoes a 1,2-hydride
shift to give the more stable diphenyl methyl cati®nDissociation

of a proton from specieS, followed by cleavage of the ruthenium
naphthyl bond, produces active ruthenium species and naphthalene
product.

In summary, we have reported unusual 1,2-iodo and aryl shifts
in the electrocyclization ob-(ethynyl)styrene? Isotopic labeling
experiments were performed to elucidate the reaction mechanism,
and the results indicate that the 1,2-aryl shift arises froem&e
dig electrocyclization of a rutheniurrvinylidene species, whereas
the 1,2-iodo shift follows a @ndaodig pathway.
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