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Abstract: 6-Cyclopropylidene-1-hexynes like 2, e. g. prepared via palladium(0)-catalyzed substitution of I-ethenyl
cyclopropy] sulfonates 1, undergo an intramolecular Pauson-Khand reaction both efficiently and regioselectively.

Among the known methods for the construction of five-membered carbocyclic ring systems the Pauson-
Khand reaction (PKR), i. . the cobalt mediated cycloaddition of an alkyne to an alkene with carbonyl insertion
yielding a cyclopentenone, has attracted particular interest.2 Several new variants of this method have been put
forward in attempts to achieve greater selectivity under milder conditions.3 Since methylenecyclopropanes
have successfully been employed in intermolecular Pauson-Khand reactions,* we envisaged to combine our
recently developed Pd(0)-catalyzed alkylation of a propargyl substituted malonate with a 1-ethenylcyclopropyl
derivative giving cyclopropylideneethyl derivatives,3 with an intramolecular Pauson-Khand reaction, as this
would lead to a facile construction of potential precursors to naturally occurring oligoquinane systems.
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The alkynecobalt complex 3 was prepared under standard conditions from (2-cyclopropylidene-
ethyl)propargylmalonate 25 and octacarbonyldicobalt. Treatment of 3 either with N-methylmorpholine N-oxide
(NMO) under an argon atmosphere (method A) or with trimethylamine N-oxide (TMANO) under oxygen
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(method B) gave the bicyclo[3.3.0Joctenone 4.6 Best results were obtained by stirring the reaction mixture at
rocm temperature in anhydrous dichloromethane for 14 h after 5 equiv. of anhydrous TMANO had been added
at —78 °C to the preformed alkynecobalt complex without isolation. The spirocompound 4 was thus obtained
as a colourless solid, m.p. 70-71°C, in 87% yield after flash chromatography (FC). In contrast, the
isopropylidene analogue 18 (Table 1, last entry) did not cyclize under identical conditions. This is in accord
with reports about trisubstituted alkenes to give only poor yields in intramolecular PKR.7

Table 1. Products and Yields of Pd(0)-Catalyzed Allylic Alkylations of 1-Ethenylcyclopropyl Sulfonates
and Intramolecular Pauson-Khand Reactions of 6-Cyclopropylidene-1-hexynes6
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8 B = CO,CHa, E' = COsEL - ? Yield of isolated products after flash chromatography. — © See text. — 9 Yield of isolated alkyne
cobalt complex of 7 61%, yield of PKR 57%. — © Yield corresponds to substitution reaction followed by dealkoxycarbonylation. ~
f endo™lexo” = 1:1.7 (according to 'H NMR).

The reaction sequence was applied to a variety of differently substituted 6-cyclopropylidene-i-hexynes to
give the corresponding spiro{cyclopropane-1,4'-bicyclo{3.3.0]oct-1-en-3-ones} in good to very good yields
except for one case (see Table 1). The cyclopropylidenealkynes 5, 7, 10, 12 and 14 were prepared by reacting
each of the corresponding 1-ethenylcyclopropyl suifonates 1a,b or 9 with the appropriate nucleophile (sodio-
propargylmalonate, sodiopropargylsulfonylacetate or sodiopropargyltosylamide, 1-3 equiv.) under Pd(dba)2/



3519

dppe catalysis (2 mol%) at room temperature (S min to 14 h).5 Compound 2 was converted to the monoester
16 by dealkoxycarbonylation (1.5 equiv. NaCN, DMSO, 120 °C, 4h)8 in 62 % yield.

It is noteworthy that even enyne 10 with a tetrasubstituted double bond gave the bicyclooctenone with an
angular methyl substituent in 64 % yield.9 The methylenecyclopropane end group as a trisubstituted olefin also
facilitates the cycloaddition to a terminally substituted triple bond as in § and 7. No PKR type cyclization had
been observed for the comesponding isopropylidene compound.? In addition, disubstitution at C-4 of the
enynes, which usually is belicved to enhance the yields in the Pauson-Khand reaction due to the Thorpe-Ingold
effect, is not necessary. The monosubstituted enynes 12 and 16 are cyclized in high yield, albeit with poor
diastereoselection!? for the latter case. Unfortunately the sulfonyl substitution at C-4 was not tolerated under
these reaction conditions, compound 14 thus gave only the elimination product 15 in low yield.

Typical procedure

Diethyl 2'-Methyl-3"-oxospirofcyclopropane-1,4'-bicyclof3.3.0}oct-1'-en}-7,7-dicarboxylate (6): Diethyl (2'-
cyclopropylideneethyl)-(but-2"-yn-1"-yl)malonate (5) (60 mg, 0.21 mmol) and octacarbonyldicobalt (81 mg,
0.23 mmol) in dichloromethane (2 ml) were kept in the dark until no starting material was detectable by thin
1ayer chromatography. The reaction mixture was cooled to —78 °C, and dry trimethylamine N-oxide (TMANO)
(94.5 mg, 1.46 mmol) was added. The mixture was then stirred at room temperature for 14 h while kept under
an oxygen atmosphere with a balloon. The reaction mixture was filtered through a layer (1 cm) of silica gel,
the silica gel was washed with dichloromethane (80 ml), and the crude product was purified by flash
chromatography to give 48 mg (75 %) of 6 as a colourless solid, m. p. 78-79 °C.

Acknowledgements. This work was supported by the Volkswagen-Stifiung, the Fonds der Chemischen Industrie and the Centre
National de la Recherche Scientifique as well as the Degussa AG and Hoechst AG through generous gifts of chemicals. A. S. is
grateful to the Studienstiftung des deutschen Volkes for a graduate fellowship. The collaboration between our groups in Orsay and
Gittingen was made possible through a grant by the ANRT-DAAD within the PROCOPE programme.

References and Notes

1. Part 24 in the series New Cyclopropyl Building Blocks for Organic Synthesis, Part 23 see Aufranc, P.; Ollivier, J.; Stolle, A.;
Bremer, C.; Es-Sayed, M.; de Meijere, A.; Salaiin, J. Tetrahedron Lent. 1993, 34, 4193-4196.

2. For recent reviews see: Schore N. E. Org. React. 1991, 40, 1-91. - Schore, N. E. In Comprehensive Organic Synthesis; Trost,
B. M., Ed.; Pergamon, Oxford, 1991; vol 5, p 1037-1064. — For recent examples see: Krafft, M. E. Wright, C. Tetrahedron
Lert. 1992, 33, 151-152. — Krafft, M. E_; Juliano, C. A. J. Org. Chem. 1992, 57, 5106~5115. - Krafft, M. E.; Romero, R. H.;
Scott, L. L. ibid. 1992, 57, 5277-5278. — Hoye, T. R.; Suriano, 1. A. J. Am. Chem. Soc. 1993, 115, 1154-1156.

3. Silica gel catalysis: Simonian, S. O.; Smit, W. A ; Shashkov, A. 8.; Mikselian, G. S.; Tarasov, D. A ; Ibragimov, L. L; Caple,

R.; Froen, D. E. Tetrahedron Letz. 1986, 27, 1245-1248. — Ultasound: Billington, D. C.; Helps, I. M.; Pauson, P. L.;

Thomson, W.; Hillison, D. J. Organomet. Chem. 1988, 345, 233-238. —- NMO: Shambayati, S.; Crowe, W. E.; Schreiber, S.

L. Tetrahedron Lett. 1998, 37, 5289-5292. - TMANO: Jeong, N; Chung, Y. K,; Lee, B. Y.; Lee, S. H; Yoo, S.-E. Synlett

1991, 204-206.

Smit, W. A.; Kireev, S. L.; Nefedov, O. M.; Tarasov, V. A. Tetrahedron Lest. 1989, 30, 4021-4024.

Stolle, A.; Salaiin, J.; de Meijere, A. Teirahedron Lett. 1990, 31, 4593-4596. — Stolle, A.; Salaiin, J.; de Meijere, A. Synlett

1991, 327330, - Stolle, A.; Ollivier, I.; Piras, P. P.; Salaiin, 1.; de Meijere, A. J. Am. Chem. Soc. 1992, 114, 4051-4067.

Ollivier, J.; Piras, P. P.; Stolle, A.; de Meijere, A.; Salaiin, J. Tetrahedron Lent. 1992, 33, 3307-3310. — McGaffin, G.;

Michalski, S.; Stolle, A.; Briise, S.; Salaiin, J.; de Meijere, A. Synier 1992, 558-560.

6.  All new compourxls (except 15) were fully characterized by spectroscopic techniques ('H NMR, '3C NMR, IR, MS) and their
molecular formulas established by elemental analysis and/or HRMS. Physical data for relevant compounds: 5: IR (neat) 3050,
2990, 1740 (C=0), 1440, 1280, 1200, 990, 825 cm~!; 'H NMR (200 MHz, CDCly} § 0.90-1.10 (bs, 4 H), 1.32 (1, 6 H), 1.76
(t, 3H), 2.52 (g, 2H), 2.94, (d. 2 H), 4.18 (g, 4 H), 5.50-5.68 (m, 1 H); 13C NMR (62.9 MHz, CDCl,) 8 1.85, 2.91, 348,
14.05, 22.92, 34.56, 57.27, 61.36, 76.15, 78.44, 111.61, 126.79, 170.33. - &: M. p. 78-79 °C; IR (neat) 2990, 1730 (C=0),

s



3520

10.

1690 (C=0), 1670 (C=0), 1260, 1240, 1180, 1070, 1050, 960, 750 cm~!; 'H NMR (200 MHz, CDCl,) 5 0.80-1.09 (m, 3 H),
1.18-1.44 (m, 7 H), 1.65 (t, 1 H), 1.85 (s, 3 H), 2.49 (dd, 1 H), 3.04 (dd, 1 H), 3.18 (d, 1 H), 3.31 (d, 1 H,), 4.18 (q, 2 H),
4.25 (q, 2 H); 13C NMR (62.9 MHz, CDCl,) & 8.96, 13.70, 14.00, 14.29, 32.68 , 34.18, 36.95, 49.13, 60.99, 61.92, 62.03 ,
132.99, 170.95, 171.64, 175.63, 208.55. — 7: IR (neat) 2985, 2190, 1740 (C=0), 1440, 1290, 1250, 1210, 1040, 850, 760
cm~!; tH NMR (250 MHz, CDCl,) & 0.14 (s, 9 H), 0.98-1.12 (m, 4 H), 2.80 (s, 2 H,), 2.95 (d, 2 H), 3.68 (s, 6 H), 5.50-5.60
(m, 1 H); 13C NMR (62.9 MHz, CDCl3)} § -0.10, 1.90, 2.98, 23.96, 34.67, 52.62, 57.36, 87.91, 101.60, 111.33, 127.38,
170.39. — 8: M. p. 77-78 °C; IR (neat) 2960, 1730 (C=0), 1685 (C=0), 1610, 1280, 1260, 1240, 1160, 1070, 860, 850 cm~!;
H NMR (250 MHz, CDCl,) § 0.23 (s, 9 H), 0.84-0.98 (m, 3 H), 1.20-1.43 (m, 1 H), 1.64 (t, k H), 2.50 (dd, 1 H), 3.11 (dd,
1 H), 3.30 (d, 1 H), 3.41 (d, 1 H), 3.71 (s, 3 H), 3.79 (s, 3 H); 13C NMR (62.9 MHz, CDCl;) § 0.98, 13.11, 14.11, 3331,
36.51, 36.70, 52.52, 53.00, 53.15, 60.87, 136.84, 171.40, 172.00, 189.81, 211.57. - 10: IR (neat) 3295 (C=C), 2970, 2940,
2900, 2830, 1725 (C=0), 1430, 1200, 910, 730 cm~!; 'H NMR (250 MHz, CDCl3) 8 0.95-1.10 (m, 4 H), 1.72 (m, 3 H), 2.00
(t, 1 H), 2.58 (d, 2 H), 2.99 (s, 2 H), 3.75 (s, 6 H); 13C NMR (62.9 MHz, CDCl5) § 2.67, 3.91, 21.36, 22.87, 38.92, 52.61,
56.94,71.17, 76.62, 117.58, 122,41, 170.79. — 11: M. p. 72 °C; IR (neat) 2980, 1740 (C=0), 1700 (C=0), 1640, 1440, 1420,
1270, 1260, 1110, 1070, 860 cm~!; 'H NMR & 0.80-0.93 (m, 1 H), 0.95-1.06 (m, 5 H), 1.20~1.35 (m, 1 H), 2.07 (d, | H),
2.30 (d, 1 H), 3.28 (4, 1 H), 3.55 (d, 1 H), 3.71 (s, 3 H), 3.78 (5, 3 H), 5.97 (d, 1 H); !3C NMR (62.9 MHz, CDCl3) & 12.66,
15.85, 24.38, 34.87, 40.78, 42.66, 52.01, 53.18, 53.87, 60.14, 124.44, 171.63, 172.12, 186.67, 208.52. - 12: M. p. 86-88 °C;
IR (neat) 3290 (C=C), 3058, 2980, 2929, 2860, 1500, 1245, 1160, 1090, 652 cm~!; IH NMR (250 MHz, CDCl,) § 1.00-1.18
(m, 4 H), 1.97 (1, 1 H), 2.44 (s, 3 H), 3.98 (d, 2 H), 4.09 (d, 2 H), 5.65-5.74 (m, 1 H), 7.30 (d, 2 H), 7.86 (d, 2 H); 13C NMR
(50.3 MHz, CDCl3) § 1.94, 2.61, 21.54, 35.63, 47.76, 73.26, 76.80, 111.83, 127.73, 128.66, 129.41, 136.50, 143.35. - 13: IR
(neat) 3050, 2870, 1710 (C=0), 1650, 1300, 1265, 1165, 1115, 990, 730 cm™!; 'H NMR (250 MHz, CDCl,) & 0.88—1.05 (m,
3 H), 1.28-1.42 (m, 1 H), 2.42 (s, 3 H), 2.56 (dd, 1 H), 3.21 (dddd, 1 H), 3.78 (t, 1 H), 4.05 (d, 1 H), 4.40 (ddd, | H), 6.08-
6.12 (m, 1 H), 7.33 (d, 2 H), 7.82 (d, 2 H); 13C NMR (62.9 MHz, CDCl,) 3 13.78, 14.89, 21.57, 31.47, 48.17, 50.01, 50.72,
126.54 , 127.42, 130.02, 133.51, 144.19, 176.65, 207.15. - 14: IR (neat) 3300, 3040, 2960, 2910, 1730 (C=0), 1675, 1440,
1260, 995, 840, 730 cm™!; 'H NMR (250 MHz, CDCl;) 1.05-1.10 (m, 4 H), 2.00 (t, 1 H), 2.96 (d, 2 H), 3.04-3.24 (m, 2 H),
3.64 (s, 3H), 5.72-5.83 (m, t H), 7.52-7.60 (m, 2 H), 7.64-7.73 (m, 1 H), 7.82-7.89 (m, 2 H); 13C NMR (62.9 MHz,
CDCl,) 6 2.93, 3.10, 21.30, 33.06, 53.01, 71.75, 78.09, 110.59, 128.43, 128 80, 130.29, 134.29, 137.19, 167.29. — 15: 534
NMR (250 MHz, CDCl3) § 0.86-1.10 (m, 2 H), 1.12~1.34 (m, 1 H), 1.37-1.51 (m, 1 H), 2.38 (ddd, 1 H), 2.75 (ddd, 1 H),
3.52-3.62 (m, 1 H), 3.83 (s, 3 H), 6.18 (d, 1 H), 7.38 (bs, 1 H); !3C NMR (62.9 MHz, CDCly) b 14.24, 17.89, 33.59, 34.21,
52.11, 53.05, 124.00, 134.69, 148.50, 164.57, 182.82, 211.03. ~ 16: IR (neat) 3300, 2980, 2960, 1740 (C=0), 1440, 1200,
1168 ¢cm-!; 1H NMR (250 MHz, CDCly) § 0.95-1.10 (m, 4 H), 2.00 (t, 1 H), 2.38-2.65 (m, 4 H), 2.68-2.80 (m, 1 H), 3.70 (s,
3 H), 5.63-5.75 (m, 1 H); 13C NMR (62.9 MHz, CDCl3) & 1.93, 2.60, 20.63, 33.24, 44.30, 51.79, 66.77, 81.53, 113.87,
124.89, 174.47. — 17 (endo): M. p. 6870 °C; IR (neat) 2980, 2930, 1730 (C=0), 1710 (C=0), 1270, 1200, 1180, 1130, 735
em~!; 'TH NMR (250 MHz, CDCly) 5 0.80-1.05 (m, 3 H), 1.25-1.38 (m, 1 H), 1.47 (ddd, 1 H), 2.20(dd, 1 H), 2.93 (dd, 1 H),
3.02-3.18 (m, 2 H), 3.25 (ddd,, 1 H), 3.70 (s, 3 H), 6.01~6.05 (s, 1 H); 13C NMR (62.9 MHz, CDCly) 8 13.65, 14.32, 30.76,
31.98, 33.35, 43.46, 50.45, 52.28, 125.08, 175.85, 186.00, 207.56. — 17 (exo): IR (neat) 3000, 1740 (C=0), 1710 (C=0Q),
1635, 1440, 1270, 1240, 1220, 1200, 1130, 1110 cm-1; 'H NMR (250 MHz, CDCl,) 8 0.90-1.05 (m, 3 H), 1.30-1.45 (m,
2 H), 2.10-2.23 (m, 1 H), 2.90-3.13 (m, 3 H), 3.23-3.40 (m, 1 H), 3.23 (s, 3 H), 6.05 (s, 1 H).

Montana, A. M.; Moyano, A. Pericas, M. A.; Serratosa, F. An. Quim. Ser. C. 1988, 84, 82-88. — For iron promoted
cyclizations of these compounds see: Pearson, A. I.; Dubbert, R. A. J. Chem. Soc., Chem. Commun. 1991, 202-203.

Cf. Krapcho, A. P. Synthesis 1982, 805-822.

Tetrasubstituted alkenes have previously been reported to give poor yields (24 and 0%, respectively): Billington, D. C.; Kerr,
W. J. Pauson, P. L.; Farnocchi, C. F. J. Organomet. Chem. 1988, 328, 213-219. — Schore, N. E.; Rowley, E. G. J. Am. Chem.
Soc. 1988, 110, 5224-5225.

The same selectivety has been observed in similar cases: Magnus, P.; Exon, C.; Albaugh-Raobertson, P. Tetrahedron 1985, 41,
5861-5869.

(Received in Germany 27 October 1993; revised 21 March 1994; accepted 27 March 1994)



