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The use of transition metal complexes as homogeneous
catalysts in reactions involving organosulfur compounds
as substrates has been the subject of relatively few
investigations,1 while there are numerous publications
concerning the analogous oxo reactants.2 Perhaps the
widespread belief that organosulfur compounds are poi-
sons to catalysts has precluded intensive research in this
area.3 We have now examined the reaction of proparglic
alcohols with thiols and carbon monoxide in the presence
of palladium-based catalysts. Palladium(0) complexes
were found to exhibit excellent catalytic activity toward
the thiocarbonylation of propargylic alcohols, affording
thiofuranones (2), thioesters (3), or dithioesters (4) as the
principal product, depending on the reaction conditions.
To our knowledge, these are the first examples of the
transition-metal-catalyzed thiocarbonylation of propar-
gylic alcohols with thiols and CO.
The search for newmethods for the preparation of thiol

esters and sulfur-containing γ-lactones is a topic of
current interest.4,5 Not only do these compounds consti-
tute a group of natural products,6 but they are also
attractive building blocks in the synthesis of complex
organic molecules.7 The reaction described herein (eq 1)
represents one of the most straightforward routes to
these compounds.
Table 1 shows the results of the carbonylation reaction

of 2-methyl-3-butyn-2-ol (1a) with thiophenol using sev-
eral palladium catalysts. Initial catalyst screening in-

dicated that use of palladium(0) or palladium(II) com-
plexes with added phosphine ligands displayed the
highest catalytic activity toward the formation of 2a and
3a in THF. In particular, the use of 3 mol % palladium
acetate with 4 equiv of triphenylphosphine and 5 mol %
of p-toluenesulfonic acid (p-TsOH) was the most effective
catalyst system for the selective formation of 3a in 82%
yield (Table 1, entry 5).
Pd(PPh3)4 is also an excellent catalyst for this reaction

(Table 1, entry 2). However, other palladium catalysts,
such as Pd(dba)2 (Table 1, entries 8-10), Pd2(dba)3‚CHCl3
(Table1, entry 11), and Pd(OAc)2, without added phos-
phine ligand (Table 1, entry 3), were less effective for this
transformation. Use of Pd(dba)2, with triphenylphos-
phine, but in the absence of p-TsOH, gave 2a in good
yield (Table 1, entry 10). The bidentate phosphine, 1,3-
bis(diphenylphosphino)propane (dppp), was also effective
as an added ligand for the Pd(OAc)2-catalyzed reaction,
and good yields of 2a and 3a resulted in the absence and
presence of p-TsOH (Table 1, entries 6 and 7). In
contrast to these palladium catalyst systems, [Rh(COD)-
Cl]2, which is active for the carbonylation of sulfur-
substituted heterocycles,8 was ineffective for the reaction
of 1a with PhSH and CO. In addition, Ir4(CO)12 and Ru3-
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Table 1. Palladium-Catalyzed Reaction of 1a with PhSH
and CO with or without p-TsOH in THFa

isolated yield (%)

entry catalyst system 2a 3a 4a

1 Pd(PPh3)4 13 58 7
2 Pd(PPh3)4 + p-TsOH trace 74 9
3 Pd(OAc)2 23 18 14
4 Pd(OAc)2 + PPh3 16 56 8
5 Pd(OAc)2 + PPh3 + p-TsOH trace 82 trace
6 Pd(OAc)2 + dppp 64 16 5
7 Pd(OAc)2 + dppp + p-TsOH 12 68 trace
8b Pd(dba)2 36 13 trace
9c Pd(dba)2 + p-TsOH 16 29 trace
10 Pd(dba)2 + PPh3 63 7 5
11c Pd2(dba)3CHCl3 + PPh3 + p-TsOH 8 38 5
a Reaction conditions: 1a (2 mmol), cat. (0.06 mmol), ligand

PPh3 (0.24 mmol) or dppp (0.12 mmol), p-TsOH (0.1 mmol) (if
used), THF (5 mL), 400 psi CO, 100 °C, 48 h. After being cooled
to room temperature and releasing CO, the reaction mixture was
filtered through Celite with chloroform as an eluant. The crude
product was purified by preparative TLC (n-hexane:EtOAc ) 10:1
as eluant), affording analytically pure products. b 14% of substrate
was recovered. c Some catalyst decomposition was observed.
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(CO)12 afforded complicated mixtures of products, none
of which were 2a, 3a, or 4a.
The results for the palladium-catalyzed carbonylative

coupling reaction of propargylic alcohols with thiols and
CO are presented in Table 2. Arenethiols and alkanethi-
ols can be employed successfully in the reaction (Table
2, entries 1-4) together with primary, secondary, and
tertiary acyclic propargyl alcohols containing a terminal
acetylene (Table 2, entries 1, 5, and 10). In addition, the
use of a propargyl alcohol bearing a substituent at the
acetylene terminus with benzenethiol under the same
conditions gave the thioester (3a) as the only product in
72% isolated yield (Table 2, entry 10). We have also
found that propargyl alcohols can be thiocarbonylated
selectively to give monothioester, dithioester, or sulfur-
containing furanones, depending on the reaction condi-
tions. When the reaction is conducted in THF with a
catalytic amount of p-TsOH and the ratio of propargyl
alcohol to thiol is 1:1, the thioester was formed as a major
product in 52-85% yield (Table 2, entries 1-10). The
reaction was carried out in toluene under more severe
conditions (110 °C, 600 psi CO) to afford mainly dithio-
carbonylation products (Table 2, entries 13 and 14). Tert-
iary propargylic mesylates with a terminal triple bond
are very reactive and give a high yield of the dithioester
under milder conditions (90 °C, 400 psi) (Table 2, entries

11 and 12). The reaction in DME and in the absence of
p-TsOH selectively afforded the sulfur-substituted fura-
nones 4 in 67-88% yield (Table 2, entries 15-21).
In conclusion, we have developed a palladium-cata-

lyzed carbonylative coupling reaction of propargyl alco-
hols and thiols. By using different reaction conditions,
one can produce monothioesters, dithioesters, or sulfur-
containing furanones in good to excellent yield and
selectivity. Not only is this methodology attractive for
the preparation of thioesters and sulfur-substituted
lactones, but it also demonstrates the utility of transition-
metal catalysts in the reactions of sulfur compounds. We
are currently examining the application of this method
to different classes of substrates.
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Table 2. Palladium-Catalyzed Reaction of Propargylic Alcohols with Thiols and CO (400 psi) at 100 °C

isolated yield (%)

entry 1 thiol (R4) solvent catalytic system 2 3 4

1 1a Ph THF Pd(PPh3)4 + p-TsOH trace 74 9
2 p-CH3C6H4 THF Pd(PPh3)4 + p-TsOH trace 85 trace
3 p-FC6H4 THF Pd(PPh3)4 + p-TsOH trace 52 18
4 n-octyl THF Pd(OAc)2 + PPh3 + p-TsOH 8 68 trace
5a 1b Ph THF Pd(PPh3)4 + p-TsOH trace 76 4
6b 1c Ph THF Pd(PPh3)4 + p-TsOH 6 73 5
7 1d Ph THF Pd(PPh3)4 + p-TsOH 13 64 trace
8c 1e Ph THF Pd(PPh3)4 + p-TsOH 10 72 4
9d 1f Ph THF Pd(PPh3)4 + p-TsOH 0 63 14
10 1g Ph THF Pd(OAc)2 + PPh3 + p-TsOH trace 72 trace
11e,f 1a Ph THF Pd(PPh3)4 0 0 66
12e,f p-FC6H4 THF Pd(PPh3)4 0 0 74
13f-h Ph toluene Pd(PPh3)4 + p-TsOH trace 7 77
14f-h 1e Ph toluene Pd(PPh3)4 + p-TsOH trace 4 73
15 1a Ph DME Pd(PPh3)4 67 5 4
16 p-BrC6H4 DME Pd(PPh3)4 73 7 trace
17 n-octyl DME Pd(PPh3)4 74 10 0
18 1f Ph DME Pd(PPh3)4 70 4 4
19 1e Ph DME Pd(PPh3)4 88 trace trace
20 1d Ph DME Pd(PPh3)4 85 trace trace
21 1a furanyl DME Pd(PPh3)4 76 trace 0

a E/Z ) 1.4:1. b E/Z ) 2.3:1. c E/Z ) 1.4:1. d E/Z ) 1.5:1. e Reaction temperature 90 °C. f ROH/RSH ) 1:2.5. g Reaction temperature 110
°C. h 600 psi of CO.
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