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A Simple Convenient Synthesis of Alkyne-Coz(CO) 6 Complexes and their utilization
in the Pauson-Khand Cyclopentenone Synthesis
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Abstract:  Reduction of anhydrous C05r2 in THE with zinc under carben menoxide atmosphere at room temperature followed
by treatment with alkynes gives the corresponding alkyne-cobalt carbonyl complexes, which on reaction with olefins give.

the corresponding cyclopentenone in moderate to geood yields.

The formation of cyclopentenones in a single step from an alkene, alkyne and carbon monoxide moijeties has been dis-

covered and developed by Pauson and Khand.l’2 |T1
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The Pauson-Khand cyclopentenone synthesis has been utilized in crucial steps in the total synthesisLs of several cyclo-
pentanoid natural products. We wish to report here a simple in situ synthesis of alkyne-cobalt carbonyl complexes using simple

bench top chemicals and utilization of such complexes in the Pauson-Khand cyclopentenone synthesis.

We have recently reported that the addition of NaBHQ into anhydrous CoCl2 in THF while bubbling carbon monoxidz
at atmospheric pressure gives cobalt carbonyl species which on trearment with aqueous NaOH yields the -Co(CO)u reagent.
The -CO(CO)[‘ reagent generated in this way has been utilized in the carbonylation of benzylhalidf:s.6 It was of interest to
us to examine whether dicobaltoctacarbonyl reagent can be generated following such simple reductions in the presence of
carbon monoxide at atmospheric pressure. We have observed that the species produced by the NaBHQ reduction is not the

COZ(CO)8 species since it failed to give the Pauson-Khand cyclization with phenyl acetylene and norbornene.7

It has been reported that the reduction of C012 in t-butanol/toluene mixture by zinc metal in the presence of carbon
monoxide at artmospheric pressure gives C°2(CO)3 after 2141h.8 We have observed that the anhydrous C‘.oBr2 did not undergo
reduction under these conditions. However, when the reduction of anhydrous Coﬂr2 by zinc dust was carried out in anhydrous
THF, the dicobaltoctacarbonyl was formed quantitatively as indicated by the isolation of its diphenylacetylene complex, (PhC=
CPh)Coz(CO)G in 85% vyield. (mp 103°C, Li1:.9 mp 109°C). We have nbservedlo that the representative alkyne complexes pre-
pared in situ in this way undecgo the Pauson-Khand cyclization with representative alkenes to give cyclopentenone derivatives

L2 (Chart 1), The following is the general pro-

in yields as good as those realised following Pausen-Khand original procedure
cedure. A mixture of anhydrous CZoE:r2 (10 mmal) and zinc dust (11 mmol) in THF (125 ml) was stirred while bubbling carbon
monoxide (generated by dropwise addition of formic acid to conc. HZSO“ at 90°Z) for 4.5h. The carbon monoxide atmosphere
was replaced by dry static nitrogen and 4-octyne {5 mmol} was added and stirred for 2.5h ai room temperature. Morbornene
(7.5 rmmol) was added under nitrogen and the contents were refluxea tor 12h. The reaction mixture was added to 20 mi of
HZO and extracted with ether. The organic extract was dried over MgSOu and concentrated. The residue was chromatographed

on a silica gel column and the ketone was isolated in 78% yield.
In the runs with the less reactive alkenes (i.e. cyclopentene, l-decene and l-octene) the alkynes also undergo trimerization“

to give the 1,2,4 and 1,3-3 aryl or alkyl benzenes to the extent of 25-45%. These hydrocarbon products were readily separated

from the desired Pauson-Khand cyclopentenones by chromatography on a silica gel celumn using hexane as eluent.
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In addition to the utilization in Pauson-Khand reaction, the Coz(CD)8 is useful as a protecting and stabilizing group
for alkyne moietieslz and it also serves as the starting material in the synthesis of saveral useful cobaltcarbonyl derivatives.13
Accordingly, it is anticipated that the present in situ synthesis of the metal carbonyl using bench-top chemicals under atmo-
spheric pressure of carbon monoxide would make the synthetic methods utilizing such metal carbonyl derivatives more attrac-
tive since in addition to making the metal carbonyl readily accessible for synthetic applications, it also alleviates the problems

involved in the storing and handling of metal carbonyl derivatives.

Acknowledgements We thank the CS5IR, New Dethi for financial support of this research work. We also thank the UGC for
Special Assistance Programme and COSIST support.

References: (1) 1.U. Khand, G.R. Knox, P.L. Pauson, W.E. Watts and M.l. Foreman, J. Chem. Soc., Perkin Trans.l 375, 977
(1973); LU. Khand, P.L. Pauson, 1. Chem. Res.(M) 167-187 (1977). (2} P.L. Pausan, Tetrahedron &1, 3855 {1985). {3) V. Sampath,
E.C. Lund, M.J. Krudsen, M.M. Olmstead and N.E. Schore, J. Org. Chem. 52, 3595 (1987). (4) W.A. Smit and R. Caple, Tet.
Lett. 27, 1241-1245 (1986). (5) P. Magnus and D. P. Becker, J. Am. Chem. Soc. 109, 7395 (1987). () N. Satyanarayana and
M. Periasamy, Tet. lett. 28, 2633 (1987). (7} N, Satyanarayana, Ph.D. thesis, March 1988, School of Chemistry, University
of Hyderabad, India. (8) P. Chini, M.C. Malatesta and A. Cavalieri, Chim. Ind. (Milan) 55, 120 {1973). (9) H.W. Sternberg,
H. Greefield, R.A. Friedel, J. Wotiz, R. Markby and I. Wender, J. Am. Chem. Soc. 78, 120 (1956). {10) The reactions were
carried out using 5 mmol of alkyne in ail the cases. The olefins used in 7.5 mmal (I-5) and 10 mmol {6-9) quantities. The pro-
ducts were isolated by chromatography on a silica gei column using hexane {or) hexane/ethylacetate as eluent. The products
were identified by spectral data (i.r., Iy NMR, 13C NMR and MS) and comparison with the data reported in the literature.
13c NMR data (8 in ppm, COClLy): (1) 28.4, 29.1, 31.2, 38.3, 39.4, 47.7, 54.9, 127.1, 128.4, 1316, 146.1, 160.3, 209.1. mp.92°C,
Lit.! mp.93-95°C. (2). 13.6, 22.2, 2.3, 27.4, 28.0, 28.6, 28.3, 30.5, 31.4, 37.7, 38.5, 47.7, 53.6, 149.7, 158.1, 210.3 (3) 13.%,
21.9, 24.1, 27.2, 27.8, 28.5, 30.4, 30.9, 37.5, 38.4, 47.5, 53.2, 149.0, 157.3, 209.9. {#) 28.8, 29.0, 31.5, 38.4, 39.5, 50.8, 54.1,
127.9, 128.5, 128.7, 129.5, 129.6, 132.4, 135.3, 170.1, 208.8. mp.129°C, th.l mp.131°C (5} 13.8, 13.9, 20.6, 2L.5, 24.3, 28.4,
28.3, 30.8, 31.1, 36.9, 38.4, 49.7, 53.1, 143.5, 174.1, 210.4. (6) 13.9, 22.5, 23.4, 24.6, 27.8, 29.2, 29.6, 30.1, 31.5, 31.8, 43.5,
50.1, 147.0, 160.2, 212.9. (7) 23.3, 29.4, 30.2, 42.2, 50.9, 126.9,>127.7, 128.1, 129.6, 143.2, 161.8, 210.7. mp.40-42°C, Lit.l mp.
§0-44°C (8} l4.1, 22.2, 27.2, 27.6, 29.2, 29.5, 29.6, 30.0, 31.6, 31.8, 33,2, 35,1, 38.4, 41.8, 42.9, 60.4, 126.7, 127.2, 127.5, 128.0,
128.5, 129.0, 129.5, 130.0, 131.7, 140.9, 142.6, 157.5, 162.9, 207.3, 209.3. (9) 13.6, 22.2, 24.3, 24.6, 24.9, 25.1, 25.3, 26.6, 26.9,
27.2, 2-7.3. 28.6, 29.1, 31.4, 31.5, 31.9, 32.1, 33.2, 35.1, 38.5, 41.4, 45.2, 61.6, 145.6, 145.8, 155.3, 160.8, 208.9, 211.4.

(11) Y. twashita and G. Tamura, Bull. chem. Soc. Jpn. 43, [517 (1970). (12) K.M. Nicholas, M. Muivaney and M. Bay, J. Am.
Chem. Soc., 102, 2508 (1980). (13} K.P.C. Vollhardt, Angew. Chem. Int. Ed. Engi., 23, 539 (1984).

(Received in UK 14 November 1988)



