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Direct Synthesis of Cvclonentadlenones by Cobalt Carbonyl-Mediated

Carbonyiative Aikyne-aikyne Coupling Reaction

Department of Applied Chemistry, Faculty of Science, Science University of Tokyo,
Kagurazaka, Shinjuku-ku, Tokyo, 162-8601 Japan

Abstract: Dicobalt carbonyl complex mediates an intermolecular carbonylative coupling reaction
between alkynylsilanes. The reaction proceeds under atmospheric pressure of argon and directly provides

free cyclopentadienones in high yields (up to 99%). © 1998 Elsevier Science Ltd. All rights reserved.
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work of synthesis of cyclopentadienone by CpCo(PPh,),-mediated alkyne-alkyne coupling, following insertion
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of carbon monoxide and reduciive elimination of cobait. Carbonylative coupling of alkynes possessing a
Py ol —

trimethyisiiyl or aryi group mediated by CpCo(CO),” and Fe(CO),>* has aiso been reported. In each reaction,

however, cyclopentadienones were obtained as m*-metal complexes. Moreover, free (uncomplexed)

Y7 A PRy R,

We here disclose a direct and effective byn[ﬂeblb Ol LyClOpCIl[d(JlC[lOIlﬁh Dy dicobalt CdI'DODy1 COIHP!CX-
mediated intermolecular carbonylative alkyne-alkyne coupling reaction. This reaction could be achieved by the
use of alkynylsilane, which possesses a substituent as a promoter for the coupling reaction and the other
substituens as a stabilizer of the product on the silicon atom (Eq.1).
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In our nitial attemnt the reaction bhetween a dicohalt carhonvl comnlexy of 1-fmethvidinhenveilvll. 1.
in our migal attempt, e reacuen detween a gicodall caroonyl compiex of 1-(melyyidiphenysuyi)-1
hoavsirma ned tha anevranecmndinag anatirlana wrae avaminad 100 hat talizana Ao A sacnle tha Alarhals cnnchacme:l Anane]lae
nexyie ana uic CoIresponaing acely enc was eXailinea ifl not (oiuene. As a resiuut, e aiCovait caroonyi compiex

was consumed at 120 T (bath temperature) and free cyclopentadienone was obtained in moderate yield (Table 1,

Entry 1). On the other hand, trimerization of alkyl- or aryl-substituted alkynes by the use of dicobalt octacarbonyl
has been reported to afford substituted benzenes as a major product.’ But in the case of the present alkynylsilane,
cyclopentadienone was selectively formed. In order to improve yield, the effect of the silicon-substituent on this
alkyne-alkyne coupling was investigated (Entries 2-8). The more bulky #-butyldiphenylsilyl group interfered with
the reaction and demetallation from the alkyne complex proceeded to give free alkyne as a major product (Entry
2). The triphenyl group increased the yield (Entry 3). Moreover, introduction of an allyl group instead of a
phenyl group markedly improved the reaction efficiency, and cyclopentadienone was afforded in almost

nnqnhfnh\yn vield aof 000G, (ratin nf raginicomere A'R — 7:1Y (Fntry 4) ¢ A lagce huilby orann othar than an allul
\iuwlum‘ A\ A A AL A L\ ¥ X IUSIUIOUIII\JID LR =~ [.1]) \l_lllu] ) g W Lo Ju ) Uumj s.lUuP VUIL1 Uiail ail allyi
P ) dle i Al mdmaee Ao WL o T /Mot & £V Mec.m 1ol o ccs il et 1 PRETEEFS I Py Sy
group Oii uic SHICON atom aecr SOG UIC y €ia \EllUlc\ 2,0). 1wWO Iyi gﬂ)up\ WOITKECA 11 g LlVCly M1 LIS rCaclion

ETOE

(Entry 7). Uniike the ailyl group, a vinyi group did not operate effectively (Entry 8). These resuits imply that an

i

allyldiphenylsilyl group is most appropriate for this dicobalt carbonyl complex-mediated coupling reaction. An
allyl group might promote the reaction by coordination to cobalt and phenyl groups stabilize the product.
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R1\Si/R A \Si/R R1RZR3Si I SiR'R2R? R'R2R3si | B
.z. |'| T ™
- C0o,(CO)g + -

! 2(CO)e toluene, 120 °C * 2
. D nBu nBu n-Bu SIRRR
n-ou -ou

A B
Table 1. Effect of silyl group on alkyne-alkyne coupling reactioi.
Entry R! R? R? Yield / % (A:B)?
1 Me Ph Ph 67 (2:1)
2 t-Bu Ph Ph 6 (>100:1)°
3 Ph Ph Ph 77 (3.5:1)
4 allyl Ph Ph 99 (7:1)
5 allyl Ph Me 48°
6 allyl Me Me trace
7 allyl allyl Ph 13 (10:1H)
8 vinyl Ph Ph 40 (2:1)
* Molar matio. Dicobalt uuuuuyl LUlllplC)\ axn_yuc = 1:3. Yield is based on dicobalt
carbonyl complex. ® Regio isomer B could not be detected. © Regioisomer A and B

(28%, 8.1) and isomerized products which possess methylphenyl(1-propenyl)silyl
group (ca. 20%).

This coupling reaction was examined under several reaction conditions (Table 2). Under atmospheric
pressure of carbon monoxide, the reaction proceeded slowly to afford the cycloproduct in lower yield (Entry 2).
Dimethoxyethane (DME) could be also utilized as a solvent and cyclopentadienone was provided in high yield of
85% (Entry 3). At lower reaction temperature prolonged reaction time is necessary (Entry 4).
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Table 2. The carbonylative alkyne-alkyne coupling under several reaction conditions
Entry Bath temp. /C Solvent Time/h Yield/ % (A:B)"
1 120 toluene 2 9 (7:1)
2° 120 toluene 12 36 (10:1)
3 120 DME 3 85 (3:1)
4 90 DME 20 45 (9:1)

a
i
b

Molar ratio. Dicobalt carbonyl complex:alkyne = 1:3. Yield is based on dicobalt carbonyl complex.
The reaction was performed under atmospheric pressure of carbon monoxide.

113

Various aucynes posscssmg an auymlpnenylsuyl group on its terminal pOSlUOH were submitted to the dicobait

carbonyl complex-mediated coupling reaction in toluene (Table 3). The corresponding cyclopentadienones were
obtained in high yields of 85-99% (Entries 1-3). The regioselectivity increased by the introduction of a less bulky
substituent on the terminal position (Entries 3,4).” In the coupling of silyl acetylene which has no substituent on

its terminal position, only symmetrical cyclopentadienone was selectively formed in 70% (A:B = >100:1) (Entry

4).

Coy(CO)s *

Il——l——ﬁe

Si=SiPhy(allyl)

si 0 0

' s M si si AR
| | toluene - ﬁ * \Q/
R R R R Si

Table 3. The carbonylative coupling of various alkvnes
Entry R Bathtemp./C  Yield/ % Ratio (A:B)”
1 n-Bu 120 99 7:1
2 Ph 120 85 4:1
3 Me 100 91 10:1
4 H 100 70 >100:1°

* Molar ratio. Dicobalt carbonyl complex:alkyne = 1:3. Yield is based on dicobalt
carbonyl complex. ® Regio isomer B could not be detected.

1 P A

Carbonylative coupling is a powerful method for the construction of a five-membered ring system. But

synthetic utilization of a carbonylative alkyne-alkyne coupling reaction has remained relatively unexplored

compared with carbonylative alkyne-alkene coupling (Pauson-Khand reaction).?

Dicobalt carbonyl-mediated

intermolecular carbonylative alkyne-alkyne coupling reaction effectively proceeds by the introduction of an
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inhenvsilvl oroun on alkvn This reaction directlv provi i

allyldiphenysilyl group on alkyne. This reaction directly provides synthetically useful uncomplexed
. i o .

cyclopentadienones in high yields. The present results indicate further utility of the carbonylative alkyne-alkyne

coupling reaction.
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