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Cyclic cotrimerization of an alkyne, an alkene, and carbon
monoxide mediated by dicobalt octacarbonyl was first discovered
by Pauson et @and has been widely utilized for the construction
of a variety of cyclopentenongsncluding natural products.
Catalytic versions of this cyclization have been recently developed
using early and late transition metals.

Alkylidynetricobalt nonacarbony! clusterd)(are easily pre-
pared by the reaction of dicobalt octacarbonyl with trihaloalkdnes.

They are more stable against autooxidation than the parent dicobalt 1

octacarbonyl. These clusters have a similar structure with
alkyne—Cao,(CO)s complexes %) in which one carbon edge of
the tetrahedron is replaced with the Co(@@jit. Thus, we
started to examine the use of the clustees catalyst precursors
for the PausorrKhand reaction.
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Table 1. Cyclization of Enyne3a Catalyzed by
Alkylidynetricobalt Nonacarbonyts
co
catalyst
Me02(><j (1 mol%) MeO> Me026><::
- 0 +
MeO,C X  loluene,  MeO,C MeO,C A
3a 120°C 3b 3a
yield® (%)
pressure of time
entry catalyst CO(atm) (h) 3b 3a
1 Co(COk 7 100 12 82
2 Co(CO)(u3-CH) 7 10 78 22
3 Co(CO)(u3-CH) 1 10 97
4 Co(CO)(us-CH) 3 10 63 29
5 Co(CO)(u3-CH) 10 10 80 17
6 Co(CO)(u3-CH) 20 10 82 15
7  Co(CO)(u3-CCl) 7 10 2 95
8 Coy(CO)(u3-CCHg) 7 10 31 66
9  Co(CO)y(u3-CCOOGHSs) 7 10 31 65
Cay(CO)(u®-CCeHs) 7 10 99
11  Co(CO)(u3-CCeHs-p-CHs) 7 10 96

a A mixture of 1.00 mmol of3a and 0.01 mmol of catalyst in 2.5
mL of toluene was stirred at 12€ under CO atmospherAll yields
given in this table are isolated yields.

Various clusters were prepared by known metHodsSince
the Lewis bases can affect the course of the Paukband
reaction® an inert solvent, toluene, was chosen in the reaction. A
mixture of3aand an alkylidynetricobalt nonacarbonyl cluster (1
mol %) in toluene was stirred at 12@ under various pressures
of CO and the results are summarized in Table 1.

When dicobalt octacarbonyl was used, only a low conversion

was obtained (Entry 1). In contrast, methylidynetricobalt nona-

carbonyl efficiently catalyzed the cyclization (Entry 2). The CO
pressures had influence on its catalytic activity and those greater
than 3 atm led to the desired cyclization in good yield (Entries
2—6). The cluster turned out to be more effective for the catalytic
Pausonr-Khand reaction than the parentfoO). Furthermore,
while the use of CCO) as the catalyst precursor usually
requires additional promoters, such as P(@Ploy Q-bean?¢ to
allow the cyclization efficiently, the cluster alone smoothly
catalyzed the cyclization.

Among the clusters investigated, the ones having a relatively
small substituent on the bridging carbon, such ag(C0)y(u>-
CCl), Ca(CO)(u3-CCHz), and Cq(CO)(u3-CCOOGHs), cata-
lyzed the desired cyclization, albeit in low yields (Entries9j.

In contrast, the ones having aromatic substituents were detrimental
to catalysis (Entries 10 and 11). No product in which the carbon
unit of the cluster was incorporated has been detected even when
0.2 molar equiv of the cluster was used. The best results were
obtained by using the parent clusteg. methylidynetricobalt
nonacarbonyl. It is known that thermal decomposition of-Co
(CO) produced tetracobalt dodecacarbonyl, which is inactive in
the catalytic PauserKhand reaction8? Although Rautenstrauch

et al. reported the catalytic Pauseikhand reaction using alkyre
Co,(CO) complexes, it could not be reproduced by the autbors.
Itis, therefore, interesting that changing one Co(Q@it of Ca,-
(CO)12 with a methylidyne or one alkylidyne unit of alkyre
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Table 2. The PausonrKhand Reaction Catalyzed by Methylidynetricobalt Nonacarifonyl

Entry Substrate Time (h) Product Yield (%)° Entry Substrate Time (h) Product Yield (%)°
1 MeOQ%C: 10 MeO 98 9 Meoz%<f/ 10 MeOxf 97
X =0
Me0C X Me0,C MeO,C = MeO,C 0
11a
3a 30 b
2 MeO. —ph 10 Ph 91 10 —= 10 96
Y% MeO; pTs—N pTrN\/:/E>:O
MeO,C X 0 M
4a MeO,C 12a 12b
ab
11 ,—="Ph 10 Ph 91
3 MeO5 =—n-C4Hy 20 n-

CaHo 89 pTs—N
MeO,! NN pTs— o
o) 13a
MeO,C

13b
b
12 20
4 MeOy! = 10 MeOy! 89 <;L
MeO,C o MeOC ° o
e 20
6 CHs &b N
14b
5 MeO, = 15 MeO» 83
13 \ 10 89
X ?zo N N\
MeO,C xCHa Me0,C L o\
a 7b CH3 —
15b
e

78
6 MeO = 20 MeO, N. R 15a
" 0
MeO,C Xy MeO>C CHa 14 10
8a CHy 8b ChHs Ph—= + b
Ph

98 17a

98

166 ©

o
Of&: 15 10 89
16a
17b
= Ph 20 h 23¢ 16c ©
%
Ofgzo 16f 10 94
10a —
10b n-CgHyy——=— + n-CgHy7

18a

17a 18b ©

a A mixture of 1.00 mmol of the substrate and 0.02 mmol 0§(C®)(«3-CH) in 2.5 mL of toluene was stirred at 12@ under 7 atm of CO.
b All yields given in this table are isolated yieldsThe substrat@a was recovered in a 98% yield The substratd 0awas recovered in a 70%
yield. ¢ The substratd4awas recovered in a 10% yieldll.5 mmol of norbornenel{a and norbornadienel?b) were used for the reaction.

Coy(CO)s complexes with Co(CQ)rings about excellent results In conclusion, we have shown that the easily prepared and air-
for this catalytic cyclization. stable methylidynetricobalt nonacarbonyl cluster can be used as
We then continued to investigate the scope of this reaction usinga catalyst precursor for the Pausdfhand reaction. We are

2 mol % of methylidynetricobalt nonacarbonyl under 7 atm of currently investigating its catalytic activity for other organic
CO. The results are summarized in Table 2. Independent of thetransformations.
nature of the substituents on the alkyne moiety, [3.3.0]-bicyclic
systems were formed in good yields (Entries3). On the other Acknowledgment. This work is supported in part by grants from the
hand, the number of substituents on the alkene is rather importantJapan Society of Promotion of Science (No. RFTF 97P00302) and the
While 1,1- and 1,2-disubstituted alkene gave a high yield of their Ministry of Education, Science, Sports, and Culture, Japan (No. 09771890).
corresponding cyclized compounds (Entries 4 and 5), trisubstituted;'s' gratefully thanks Dr. Christophe Cope from the Laboratory of
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8a was unchanged under the same conditions (Entry 6). Ad- 4o preparation of this manuscript.
ditionally, an increase in the tether length was detrimental to
cyclization leading to low conversions (Entries 7 and 8), butthe  sypporting Information Available: Listings of 1H and *C NMR,
addition of an assisting group for cyclization, such gem IR, and HRMS or elemental composition data for all compounds (6 pages,
disubsituents, resulted in clean reaction (Entry 9). This effect, print/PDF). See any current masthead page for ordering information and
however, did not appear when the reaction was applied to largerWeb access instructions.
ring systems such as [5.3.0]-bicyclic ones. Heteroatoms contain- j,gg-6355
ing compounds such as tosylamides or ethers also cyclized
effectively (Entries 16-13). Finally, the intermolecular Pausen (9) Alkylidynetricobalt nonacarbonyl clusters are known to catalyze the

Khand reaction was also pOSS|b|e in the presence of norbornend2+2+2]-CyC||Zat|0n of alkynes to produce the aromatic derivatives. However,
the intermolecular PauserKhand reactions of phenyl acetylene witfiaand

(173 and nqrbomadienelyb) in combination with a terminal 17b were much faster than the formation of aromatic derivatives. See, also:
alkyne (Entries 1416)?2 Dickson, R. S.; Taliby, G. RAust. J. Chem197Q 23, 229.




