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Co2(CO)8 was found to be effective for cycloisomerization reaction of arylene 1,7-enynes to form 2,3-
dihydroindene derivatives, and a catalytic version assisted by different Lewis base ligands was also
studied.

� 2012 Elsevier Ltd. All rights reserved.
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Scheme 2. Synthesis of arylene 1,7-enyne 1a–1i.
Cycloisomerization of various aliphatic or aromatic enynes has
been regarded as an important synthetic method for functionalized
cyclic structures. A number of transition metals have been used as
effective mediators or catalysts in these transformations.1 Among
them, cobalt species have been well known for affecting [2+2+2]
cyclotrimerizations,2 Pauson–Khand reactions,3 Diels–Alder reac-
tions,4 and ene type reactions.5 In particular, Co(I) species were
able to promote cycloisomerizations.6 However, to the best of
our knowledge, Co(0) species are rarely used for this purpose,
and the only example we could find was the 5-endo-dig cycloiso-
merization of 1,6-enynes in the presence of Co2(CO)8.7 During
our studies using Co2(CO)8-mediated Pauson–Khand reactions for
natural product synthesis,8 we found that, rather than a conven-
tional Pauson–Khand pathway9–12 as designed for the synthesis
of Hamigeran B,13 a cycloisomerization of arylene-1,7-enyne oc-
curred in the presence of Co2(CO)8 (Scheme 1).14 Herein, we would
like to report the expansion of this observation to a synthetic
method for cycloisomerization reaction of arylene 1,7-enynes to
form 2,3-dihydroindene derivatives.

The arylene 1,7-enyne substrates 1a–1i were prepared as
shown in Scheme 2. Then we studied a variety of substitution on
the arylene 1,7-enynes for effects on the cycloisomerization reac-
tion, and the results are summarized in Table 1.15

In general, the cycloisomerization in the presence of 1.1 equiv of
Co2(CO)8 in refluxing toluene for 5 h enjoyed excellent yields
(>90%), and tolerated many alkynes with R1 being alkyl (entries
1–3) or phenyl (entry 4). The results were also good for different
aromatic skeletons (entries 1–8). The cycloisomerization
ll rights reserved.
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proceeded in excellent yield with different substitutes on the alke-
nyl moiety (entries 6 and 9).16

On the basis of the reaction results from a cycloisomerization
pathway (A–P) rather than the Pauson–Khand pathways (to P1
and P2) as shown in Scheme 3, we reasoned that the steric
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Scheme 4. Cycloisomerization of arylene-1,6-enyne 1j.
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Scheme 3. Proposed mechanistic pathways.

Table 1
Cycloisomerization reaction of arylene-1,7-enynea

R2
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R4

R5
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R5 R2

R1

Co2(CO)8 (1.1 eq.)

toluene, 110 °C, 5 h

1a-1i 2a-2i

Entry 1 R1 R2 R3 R4 R5 2 Yieldb (%)

1 1a i-Pr Me OMe H Me 2a 91
2 1b c-Pr Me OMe H Me 2b 92
3 1c t-Bu Me OMe H Me 2c 94
4 1d Ph Me OMe H Me 2d 87
5 1e Ph Me H OCH2O 2e 94
6 1f t-Bu Me H H H 2f 92
7 1g Ph Me H H H 2g 90
8 1h c-Pr Me H H H 2h 91
9 1i t-Bu c-Pr H H H 2i 99

a Reaction was carried out under argon atmosphere.
b Isolated yield.
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hindrance between R1 and the neighboring benzene ring or confor-
mational issues might have restricted the conversion of C–D1,17

and a beta-H elimination (F ? G) might be favorable than a CO
insertion (F ? G1) with a tertiary carbon center,18 or a direct
migratory insertion (D ? G) might have contributed to the cyclo-
isomerization outcomes.14

Since an alkene rearrangement sequence (C ? D ? E) might
have been involved in the cycloisomerization pathway, we synthe-
sized the arylene-1,6-enyne 1j, and then tried the reaction under
the same conditions and obtained 2e in 80% yield (Scheme 4). This
observation was in accordance with the major mechanistic path-
ways and diversions under Pauson–Khand reaction conditions as
proposed in the literature for a plethora of unexpected results.14

The 1,10-exo-double bond of the cycloisomerization product
2a–2i could be expected as (Z)-configuration. As a representative
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Scheme 5. The nOe study of 2c.
study, the nOe analysis of 2c confirmed this geometry. The olefinic
H10 (d 5.48 ppm) and H2 (d 3.53 ppm) on the 2,3-dihydroindene
ring showed remarkable nOe, while no clear nOe was observable
between H10 and H7 (d 7.20 ppm) on the benzene ring (Scheme 5).

It has been well documented that Lewis bases or other ligands
could serve as promoters in CO decoordination from the cobalt
center, help to prevent the cobalt species from deactivations, and
render the Pauson–Khand reaction catalytic.19 Then catalytic con-
ditions for the cycloisomerization were tried using some Lewis
base ligands as usually used for the catalytic Pauson–Khand reac-
tions,20 and the results are shown in Table 2.21 Without Lewis base
ligands added, a catalytic amount of Co2(CO)8 was ineffective



Table 2
The catalytic cycloisomerizationa

t-Bu t-Bu

1f 2f

Co2(CO)8 (10% mol)
ligand (10% mol)

toluene,relux

Entry Time (h) Ligand Yieldb (%)

1 16 None —
2 1.5 Ph3P 89
3 1.5 rac-BINAP >99

4 1.5
S Tol

O

>99

5 1.5 BuSMe 90
6 1.5 CyNH2 >99

a Reaction was carried out under argon atmosphere.
b Isolated yield.
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(entry 1). When a ligand such as Ph3P (entry 2), rac-Binap (entry 3),
sulfone (entry 4), sulfide (entry 5), or amine (entry 6) was used, all
the cycloisomerization with 10% mol of Co2(CO)8 completed in
excellent yields (>90%) in only 1.5 h.

In conclusion, the cycloisomerization of various arylene 1,7-
enynes mediated by Co2(CO)8 has been studied, and high yields
of 2,3-dihydroindene have been achieved. We also demonstrated
a catalytic version of this reaction with 10% mol of Co2(CO)8 and
Lewis base ligands.
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112.7, 110.7, 55.2, 53.6, 32.0, 29.7, 21.8, 17.9. EI-MS m/z (%): 290 (M+, 100).
HRMS (EI) calcd for C21H22O: 290.1671; found: 290.1664.
(Z)-5-Benzylidene-6-(prop-1-en-2-yl)-6,7-dihydro-5H-indeno[5,6-d][1,3]dioxole
(2e): 1H NMR (acetone-d6: d 7.49–7.23 (m, 5H), 6.76 (s, 1H), 6.51 (s, 1H), 6.32
(s, 1H), 5.92 (s, 2H), 4.93 (s, 1H), 4.85 (s, 1H), 3.81–3.73 (m, 1H), 3.08 (dd,
J = 16.4, 8.8 Hz, 1H), 2.84 (dd, J = 16.5, 5.1 Hz, 1H), 1.66 (s, 3H). 13C NMR
(acetone-d6): d 149.4, 148.1, 147.1, 145.3, 142.1, 139.1, 133.4, 128.3, 129.1,
127.5, 121.1, 113.1, 105.8, 104.3, 102.1, 54.6, 36.0, 17.9. EI-MS m/z (%): 290
(M+, 100). HRMS (EI) calcd for C20H18O2: 290.1307; found: 290.1312. IR (KBr):
2919, 1473, 1249, 1041 cm�1.
(Z)-1-(2,2-Dimethylpropylidene)-2-(prop-1-en-2-yl)-2,3-dihydro-1H-indene (2f):
1H NMR: d 7.78 (d, J = 6.7 Hz, 1H), 7.30–7.15 (m, 3H), 5.55 (d, J = 1.9 Hz, 1H),
4.83 (s, 1H), 4.79 (s, 1H), 3.62–3.54 (m, 1H), 3.10 (dd, J = 16.3, 8.8 Hz, 1H), 2.85
(dd, J = 16.3, 5.4 Hz, 1H), 1.59 (s, 3H), 1.31 (s, 9H). 13C NMR: d 148.1, 147.0,
141.1, 138.8, 136.0, 127.2, 127.1, 125.8, 125.1, 112.3, 55.1, 35.6, 31.9, 30.3,
18.0. EI-MS m/z (%): 226 (M+, 30.98), 155 (100). HRMS (EI) calcd for C17H22:
226.1722; found: 226.1718. IR (KBr): 2956, 1471, 1363, 891, 739 cm�1.
(Z)-1-Benzylidene-2-(prop-1-en-2-yl)-2,3-dihydro-1H-indene (2g): 1H NMR: d
7.46–7.22 (m, 7H), 7.18 (t, J = 7.5 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 6.50 (d,
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