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enynols with thiols, which not only provided high yields of

R! o PA(OAC),/ PPh, o reactions, but also changed the chemoselectivity, forming the
//z\LRz *+ R'SH + €O RIS O s monocarbonylated compound, the thioether-substituted 6-mem-
R? L R! R2 bered-ring lactone, as the main product (Scheme 1). Unsaturated

high yield and selectivity lactones and lactones containing a thioester or a thioether group

. . . ... are valuable building blocks and useful subunits in natural and
Palladium-catalyzed carbonylation reactions of enynols with \,nnatyral products possessing interesting biological activities.
thiols in ionic liquids afford monocarbonylated 6-membered-  Regyits and Discussionlnitially, we chose the cyclocarbo-
ring lactones in high yields and good selectivity. These results nylation of 3-phenyl-2-penten-4-yn-1-ol€) with thiophenol
are significantly different from those obtained when conduct- (23) as the model reaction (Scheme 2). The catalytic system
ing the reaction in THF. The recyclability of the catalytic pd(OAc)/PPh, previously used for the double carbonylation
system was also investigated. of enynols and thiols, and the ionic liquid BMHRF; were used

for the present reaction.
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tional solvents. Thus, ionic liquids have been used instead of (4) For example, see: (a) Kaufmann, D. E.; Nouroozianand, M.; Henze,
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TABLE 1. Cyclocarbonylation Reaction of 3-Phenyl-2-penten-
4-yn-1-ol and Thiolphenol under Different Conditions?

JOCNote

presence of a catalytic amount of Pd(OA® mol %) and PPh
(8 mol %) in BMIM-PFK; at 110°C for 48 h resulted in the

isolated formation of the monocarbonylated prod8a in 91% vyield
temp CO time Yield(%) (Table 1, entry 1). At lower temperature, lower CO pressure,
catalyst IL (°C) (ps) (h) 3a 4a or shorter reaction time, the reaction gaeein reduced yield
1 Pd(OAcyPPk [BMIM][PFs] 110 500 48 91 (Table 1, entries 3, 4, and 5), while higher CO pressure could
g ES(SQCEIPP [EM:MI[E?] ﬁg 288 ‘213 %A raise the yield oBato 96% (Table 1, entry 6). Without ligand
c e : o :
3 PdEOACQPPg {BMIM%PFj P A or with bidentate phosphines such as 1,4-bis(diphenylphosphi-
5 Pd(OAcYPPh [BMIM[PFJ 110 300 48 87 no)butane (dppb), th(_a reaction did not occur or gave inferior
6 Pd(OAcYPPh [BMIM][PFs 110 700 48 96 results (Table 1, entries 2 and 7). With 1,3-bis(diphenylphos-
7 Pd(OAcydppb [BMIM][PFs] 110 500 48 31 phino)propane (dppp), the reaction provided the monocarbo-
8 Pd(OAcydppp [BMIM][PFg] ~ 110 500 48 50 27 nylated product3a in 50% yield, together with 27% of the
1% E,g((g':g;g;ﬁ) [ﬁgham][[’:mﬂ ﬁg 288 32 ig 26 double-carbonylated produd;ig (Tat_)Ie 1, entry 8). Ta_ble_ 1_a|s_o
11 Pd(OAcydppp [BMIM][NTf; 110 500 48 82 13 shows the results of the reaction with other kinds of ionic liquids.
12 Pd(OAc)PPk [BMIM][BF, 110 500 48 65 24 The system of Pd(OAg)PPh/BMIM -NTf, gave3a as a sole

a3-Phenyl-2-penten-4-yn-1-ol (1.0 mmol), thiophenol (1.0 mmol),
Pd(OAc} (0.02 mmol), PPf(0.08 mmol) or dppb, dppp (0.04 mmol), ionic
liquid (2.5 g).

Treatment of 3-phenyl-2-penten-4-yn-1-ol (1 mmol) and
thiophenol (1 mmol) with 400 psi of carbon monoxide in the

TABLE 2. Cyclocarbonylation Reaction of Enynols and Thiol8

product in 88% vyield, while using dppb or dppp, or Pd(OAc)
PPR/BMIM -BF, provided the mixture o8a and4a (Table 1,
entries 9, 10, 11, and 12).

The optimized conditions (Table 1, entries 1 and 9) were
applied to other enynols with a variety of thiols, and the results
are reported in Table 2.
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Isolated yield(%) Isolated yield(%)
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aEnynols (1.0 mmol), thiol (1.0 mmol), Pd(OAc0.02 mmol), PPk(0.08 mmol), ionic liquid (2.5 g).
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The results show that both BMIN?FR; and BMIM-NTf, were
excellent ionic liquids for most substrates. Thiophenol affords
a higher yield of the lacton& than p-fluorothiophenol and
p-methoxythiophenol (Table 2, entries ). 2-Naphthalenethiol
also reacts witt, and the yield is a little lower than that with
thiophenol (Table 2, entry 4). The aliphatic thiols, isopropylthiol
and 1-octanethiol, also provid&dn high yields (Table 2, entries
5 and 6). Other enynold(with Rt = H, Ar, R%, R® = H) react
with thiophenol affording3 in good yields (entries #11).
Enynols with R = CsHjo provide both the monocarbonylated
3l and the double carbonylated lactoégTable 2, entry 12).
Use of enynol with a methyl group atRlso provided a mixture
of 3and4. According to the mechanism we proposed in previous
work,” this may be due to these substitutions retarding the
addition of thiols even after the second CO insertion reaction.

In conclusion, the ionic liquids, BMIMPF; or BMIM -NTf>,
are excellent reaction media for the palladium-cataylzed cyclo-
carbonylation reaction of enynols and thiols. The reaction

mmol), Pd(OAc) (0.02 mmol), PPh(0.08 mmol) ,and [BMIM]-
[NTf,] (2.5 g) was added to the autoclave. The autoclave was
closed, purged three times with carbon monooxide, pressurized with
500 psi of CO, and then heated at 1%0 for 36-48 h. Excess
CO was discharged at room temperature. The resulting solution
was extracted with ether (& 5 mL). The combined ether phase
was concentrated under reduced pressure. The residue was purified
by flash chromatography on silica gel (gradient from hexane to
hexane/EtOAc 5:1) to giv8 (56—91%). For recovery and reuse
of the ionic liquid containing the palladium catalyst, fresh enynol
and thiol were added to the remaining ionic liquid for the next
run.

4-Phenyl-3-(phenylthiomethyl)-5,6-dihydro-2-pyran-2-one
(Table 2, entry 1), 3a:IR 1705 cnt! (C=0); *H NMR (300 MHz,
CDCl3) 6 2.72 (t,J= 6.0 Hz, 2H), 3.90 (s, 2H), 4.1 (,= 6.0 Hz,
2H), 7.106-7.38 (m, 10H);3C NMR (75 MHz, CDC}) 6 31.6,
32.7,65.8,125.2, 127.4, 127.7, 129.0, 129.2, 129.4, 132.1, 135.7,
138.0, 153.5, 165.3; MS (Ei/z296 (M*, 29); HRMS (El)m/z
calcd for GgH160,S (M™) 296.0871, found 296.0859.

formed monocarbonylated 6-membered-ring lactones in good 4-Phenyl-3-(phenylthiomethyl)-1-oxaspiro[5,5]undec-3-en-2-

selectivity and high vyields. The remarkable difference in
chemoselectivity for ionic liquids versus conventional solvents
was demonstrated, although the rationale for the different
behavior needs additional experimentation.

Experiment Section

General Procedure for the Cyclocarbonylation Reactions of
Enynols with Thiols. A mixture of enynol (1.0 mmol), thiol (1.0

(8) (a) Paterson, Tetrahedronl988 44, 4207. (b) Davis-Coleman, M.
T.; Rivett, D. E. A. InProgress in the Chemistry of Organic Natural
Products Herz, W., Grisebach, H., Kirby, G. W., Tamm, Ch., Eds.;
Springer: New York, 1989; Vol. 55, p 1. (c) Collet, L. A.; Davis-Coleman,
M. T.; Rivett, D. E. A. InProgress in the Chemistry of Organic Natural
Products Herz, W., Falk, H., Kirby, G. W., Moore E., Tamm, Ch., Eds.;
Springer: New York, 1998; Vol. 75, p 182. (d) Negishi, E.; Kotora, M.
Tetrahedronl997 53, 6707. (e) Rao, Y. SChem. Re. 1976 76, 625. (f)
Ley, S. V.; Cox, L. R.; Meek, GChem. Re. 1996 96, 423. (g) Coallins, I.

J. Chem. Sog¢Perkin Trans. 11998 1869 (h) Collins, I.J. Chem. Sog.
Perkin Trans. 11999 1377
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one (Table 2, entry 12), & IR 1701 cnt! (C=0); THNMR (300
MHz, CDClk) 6 1.27-1.97 (m, 10H), 2.67 (s, 2H), 3.93 (s, 2H),
7.14-7.39 (m, 10H)::3C (75 MHz, CDC}) 22.1, 25.8, 32.1, 36.3,
41.9, 80.1, 124.6, 126.9, 127.7, 129.1, 129.2, 129.2, 131.2, 136.1,
138.8, 150.3, 165.1; MS (Et/z364 (M, 32); HRMS (El)m/z
calcd for GzH»40,S (M*) 364.1497, found 364.1520.
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