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o-Alkynylstyrenes cyclized in the presence of hydroiodic
acid to yield polysubstituted iodoindenes. This reaction pro-
vides an efficient synthetic method for the preparation of poly-
substituted iodoindenes.

o-Ethynylstyrenes are useful precursors for the synthesis of
bicyclic rings. Recent studies revealed that these compounds
cyclized in the presence of transition metals to give naphthalene
derivatives and related compounds in good yields (eq 1).1 Onthe
other hand, the cyclization of o-alkynylstyrenes has been studied
to much less extent.? While we were studying the cyclization
reaction of the o-akynylstyrenes, we found that the cyclization
reaction occurred in the presence of hydroiodic acid to yield an
iodoindene. In this paper we report the preparation and HI-medi-
ated cyclization of o-akynylstyrenes (eq 2).
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The preparation of o-alkynylstyrenes was carried out by the
palladium catalyzed cross-benzannulation3# of dienynes with
diynes and the results are summarized in Table 1. 2,5-Dimethyl-
1,5-hexadien-3-yne (1), which was prepared in one step by the
Sonogashira coupling of 2-methyl-1-buten-3-yne with vinyl bro-
mide, reacted in the presence of Pd(PPh,), and (o-tolyl),P34
with diyne 2a to give polysubstituted o-alkynylstyrene 3ain 61%
yield (Table 1, entry 1). It was necessary to carry out the reac-
tion at elevated temperature (120 °C), and the reactivity of 1
seems to be comparable to those of other 2,4-disubstituted
enynes.>* As is the case for the reaction of other conjugated
enynes with diynes, the reaction proceeded in a highly regiose-
lective manner, and 3a was isolated as a single isomer. It is note-
worthy that the homo-benzannulation product was not isolated,
and the mode of the reaction of 1 with the diynes 2 was not
affected by the presence of an additional olefinic moiety. The
reactions of 1 with other diynes proceeded smoothly to give the
corresponding products in good yields. Thus, the reaction of 1
with 2,4-hexadiyne 2b gave 3b (entry 2), and sterically hindered
diynes such as 2c and 2d also reacted with 1 to give the polysub-
stituted o-ethynylstyrenes 3c and 3d, respectively, in moderate

cat. [W] or [Ru]

yields (entries 3, 4). The reaction proceeded even in the pres-
ence of hydroxyl group in the diyne moiety, though the yield of
the product 3e was low (38%) and a larger amount of the cata-
lyst was employed for this reaction (entry 5). It may be possible
to explain the lower yield of the product in terms of the com-
plexation of the hydroxyl group to the palladium catalyst.

Table 1. Palladium-catalyzed cross-benzannulation of 1 with
diynes 2

Me
R
Me 5 + F
Z
1 R 2a-e
1 MolI% PA(PPhs)s Me
4 mol% (o-tolyl)sP
Me R
toluene, 120 °C | [
R 3a-e
Isolated
Entry R Time/h  yield of 3/%
1 n-Bu (2a) 24 61
2 Me (2b) 48 56
3 Ph (2¢) 24 46
4  l-cyclohexenyl (2d) 96 53
54 (CH2)20H (2e) 24 38

4L arger amounts of Pd(PPh3)4 (5 mol%) and (o-tolyl)3P
(20 mol%) were used.

We treated the alkynylstyrenes under various conditions and
found that the cyclization reaction occurred in the presence of a
protic acid. Though o-alkynylstyrene 3a did not cyclize in the
presence of protic acids such as HCI, HBr, or CF,SO,H, the
cyclization reaction proceeded smoothly in the presence of
hydroiodic acid and the results are summarized in Table 2. Thus,
compound 3a cyclized in the presence of 1 equiv of HI (condi-
tion A) to yield iodoindene 4a in 53% yield. The reaction also
proceeded smoothly in the presence of chlorotrimethylsilane/
sodium iodide (condition B),> and 4a was isolated in 73% vyield.
The reaction of other alkynylstyrenes (3f—h) also proceeded effi-
ciently, and the yields of the products were generally higher when
the reaction was carried out under condition B (entries 3-8).

While we were monitoring the reaction by gas chromatog-
raphy, we observed the formation of an intermediate during the
reaction. In order to investigate the mechanism of this reaction,
we isolated the intermediate by carrying out the reaction in
toluene® and isolated iodovinylbenzene 5.7 Compound 5 react-
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Table 2. HI-mediated cyclization of ortho-alkynylstyrenes

R2 R2
HI
S
R R -
I S
R* I
R4
3a (R', R2=Me, R3, R*=n-C4Hy) 4a, 4f-h
3t (R'=Ph, R2,R%=H, R*= n-CeH1a)
3g (R'=Me, R?, R®=H, R*= n-CeHys)
3h (R'=Me, R2,R3 R*=H)
Reaction Isolated
Entry Compound condition® Time/h yield of 4/%
1 3a A 24 53
2 B 4 73
3 3f A 24 69
4 B 1 72
5 3g A 24 45
6 B 3 57
7 3h A 24 57
8 B 3 19b

4Condition A: a mixture of a 0.1 M (1 M = 1 mol dm‘3)
solution of 3 in 1,2-dichloroethane and 57% (w/w) hydroiodic
acid (1 equiv) was heated at 50 °C under Ar. Condition B: a
mixture of a 0.7 M solution of 3 in 1,2-dichloroethane, Nal
(1.2 equiv.), Me3SiCl (1.2 equiv.), and H2O (0.6 equiv.) was

heated at 50 °C under Ar.

bThe yield was estimated by NMR.

ed in the presence of a catalytic amount of hydroiodic acid to
yield 4a in good yield (eq 3).

Me
HI (1 equiv.)
50 °C
Me n-Bu
toluene | |CICH,CH,CI
Il 72h lor| " 24h
599 63%
L Bu (59%) (63%)
3a
HI (1 equiv.) HI (10 mol%)
50°C 50°C
toluene Me
24 h
(63%)
M
e n-Bu
n-Bu I
H 5

Me

Me O
Mo

n-Bu I

n-Bu

4a

CICH,CH.CI|  (3)

(+ 4a, 32%)

Based on these results, we currently assume the mecha-
nism of the cyclization as shown in Scheme 1. Thus, the
regioselective addition of hydrogen iodide to 3a would occur to
give the intermediate 5, which would be protonated to give the
benzyl cation 6. Subsequent cyclization would yield the
iodobenzyl cation 7. Proton would be eliminated from 7 and
the iodoindene 4a would be formed as the final product.
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Scheme 1.
Me Me
HI (1 equiv.) M
Me "By ——————— e n-Bu
| [ n-Bu I
H
3a n-Bu 5
Me Me
cat. H* " O
¢ +<\ n-Bu Me Q n-Bu
Me | Me
-| A
n-Bu ! nBd H I
6 7
- H*
4a

In summary, we found that the cyclization of o-alkynyl-
styrenes proceeds smoothly in the presence of hydroiodic acid
under mild conditions. This reaction complements the previ-
ously known synthetic methods for the preparation of polysub-
stituted iodoindenes.
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