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The stoichiometric reaction of an alkene and an alkyne-
dicobalt hexacarbonyl complex, known as the Pauson-Khand
(PK) reaction, has become one of the most powerful methods
for cyclopentenone synthesis.1 Furthermore, the recent develop-
ments of new reaction conditions and catalytic versions of this
reaction are even increasing its synthetic utility.2 Regarding the
synthesis of optically active cyclopentenones by asymmetric PK
reactions, three different approaches have been envisaged: (a)
the use of a chiral auxiliary covalently attached either to the
alkyne3 or to the alkene component,4 (b) the generation of a chiral
C2Co2 core,5 and (c) the addition of a chiral promoter (a chiral
amine oxide).6 Up till now, the first approach, mainly developed
by Pericàs et al.,3,4 has led to the best results, especially when
the chiral auxiliary is bound to the alkyne.3 Although the sulfinyl
group has been widely used as a chiral auxiliary in important
reactions such as Diels-Alder reactions or nucleophile additions,7

it has been scarcely applied in transition-metal-catalyzed reac-
tions.8 In particular, we have recently reported the first examples
of vinyl sulfoxides in asymmetric Heck reactions.9 Extending its
use to other cornerstone metal-mediated reactions, here we report
that appropriately substituted sulfinylated enynes undergo in-
tramolecular PK reactions with exceptionally high stereoselec-
tivities.10

First, to check the viability of the intramolecular PK reaction
of R,â-unsaturated sulfoxides, a series of differently substituted
racemic trans 1-sulfinylhept-1-en-6-ynes was prepared11 (sub-
strates1-3). It is well-documented that alkenes substituted with
electron-withdrawing groups are unsuitable substrates in PK
reactions, because after the olefin insertion step the mechanism
evolves byâ-H elimination rather than by carbonyl insertion,

leading to conjugated dienes instead of cyclopentenones.12 Against
these precedents, the enyne dicobalt complexes of1-3, readily
formed by treatment of1-3 with Co2(CO)8 in CH2Cl2 at room
temperature, reacted under the usual thermal (CH3CN, 80°C) or
amineN-oxide promoted conditions [6 equiv ofN-methylmor-
pholineN-oxide (NMO), CH2Cl2, room temperature] to give the
PK diastereomeric aductsA andB13 in reasonable yields (46-
55%, Table 1) as the only isolated products after flash chroma-
tography. However, the most interesting outcome concerns the
dependence of the stereoselectivity with the substitution at
sulfur: although the cyclizations of both thep-tolylsulfoxide 1
and the potentially chelatingo-dimethylaminophenylsulfoxide9,14

2 were moderately stereoselective, leading to a 3:1 mixture ofA
andB isomers (compounds4 and5, entries 1-3), the PK reaction
of the tert-butyl sulfoxide3 occurred withVery high stereocontrol
affording a crude mixture in which theB isomer could not be
detected by1H NMR (A:B ratio>98:<2, entries 4-5).

To apply this procedure in asymmetric synthesis, a variety of
(S)-tert-butylsulfinylated enynes (eeg96% by NMR)15 were
prepared by olefination of the corresponding alkynyl aldehyde
with (R)-diethyl tert-butylsulfinylmethylphosphonate (7, ee 98.5%
by HPLC).15 In Table 2 are summarized the results of the thermal
PK reactions of the major trans enynes(S)-8-13.

Remarkably, with all the terminal alkynes (entries 1-5) the
reactions took place again with complete stereoselectivity, provid-
ing the correspondingA adduct (6A and14A-17A)13 as the only
isolated isomer (A:B ratio >98:<2). Furthermore, the optical
purity of the adducts (eeg96% by NMR)16 was as high as the
starting enynes, proving that the PK reactions occurred without
racemization at sulfur.10 Concerning the synthetic scope of the
method, the yields were somewhat higher in the case of the 4,4-
disubstituted 1,6-enynes8 and9 (65% and 60%, entries 2 and 3,
respectively) than in the unsubstituted case3 (50%, entry 1) likely
due to the beneficialgem-dialkyl effect. Interestingly, the
procedure can also be applied to the synthesis of azabicyclo[3.3.0]-
octenones as is shown by the reaction of the aza-enyne10 (60%,
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entry 4). In contrast, a poor yield was obtained in the reaction of
the 1,7-enyne11 (30%, entry 5), and disappointingly, no reaction
at all was observed from substituted alkynes (entries 6 and 7).

Unexpected results were observed in the cobalt-meditated
reactions of the sulfinylated enynes of cis configuration (Scheme
1). Thus, whereas the aromatic sulfoxide(R)-cis-1 gave the
exocyclic diene20as the only characterized product (28% yield),
in fact the expected product from an electron poor alkene under
PK reaction conditions, thetert-butyl sulfoxides(S)-cis-3 and(S)-
cis-9 evolved by a very highly stereoselective PK reaction to give,
respectively, the same cyclopentenones6A (41% yield) and15A
(56% yield) obtained from the diastereomeric enynes(S)-trans-3
and (S)-trans-9.17 From a synthetic point of view this result is
particularly interesting because it allows the PK reaction to be
carried out with the cis+ trans mixtures of enynes directly
obtained after the olefination step:15 thus, a 55:45 mixture of trans
+ cis olefins(S)-3 afforded6A as the only isomer in 44% yield.

As the final step of this sulfinyl-mediated asymmetric PK
reaction, the reductive cleavage of the chiral auxiliary was simply
performed by desulfinylation of theA adducts with activated
zinc18 (sat NH4Cl, THF, room temperature) leading in very high
yields (92-96%) to the corresponding optically active bicyclo-
[3.3.0]oct-1-en-3-ones21 (Table 3). In particular, the (R) enan-
tiomer of the known enantiomerically pure enone21b19 was
obtained by desulfinylation of14A, confirming otherwise the
configurational assignment of the PK adducts previously estab-
lished by X-ray difraction.13 Finally, the very high optical purity
of enones21 [ee 96.5% by HPLC for (R)-21c] was confirmed,
proving that, as expected, the desulfinylation step occurs without
racemization at C-5.

In summary, it has been demonstrated that the sulfinyl group
can be used as a novel and efficient chiral auxiliary in intramo-
lecular asymmetric PK reactions. Especially, the PK reactions of
the readily available(S)-1-tert-butylsulfinylhept-1-en-6-ynes af-
forded a single isomer (dr>96%). This exceptionally high
stereoselectivity, coupled with the efficient final chiral auxiliary
elimination step, makes this procedure very appealing for the
synthesis of enantiopure bicyclo[3.3.0]oct-1-en-3-ones.
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Table 1. PK Reactions of (() Trans Enynes1-3

entry R enyne conditionsa,b adduct
A:B
ratioc

yieldd

(%)

1 p-Tol 1 a 4 75:25 52
2 p-Tol 1 b 4 73:27 49
3 o-Me2NC6H4 2 a 5 71:29 55
4 t-Bu 3 a 6 >98:<2 50
5 t-Bu 3 b 6 >98:<2 46

a CH3CN, 80°C. b NMO‚H2O (6 equiv), CH2Cl2, room temperature.
c By 1H NMR on the crude mixtures after filtration of the cobalt
byproducts.d In pure adductsA andB. IsomersA andB were separated
by flash chromatography.

Table 2. Thermal PK Reactions of (S) Trans Enynes3 and8-13

entry enyne X n R T (°C) adduct yielda (%)

1 3 CH2 1 H 80 6A 50
2 8 CMe2 1 H 60 14A 65
3 9 C(CO2Et)2 1 H 60 15A 60
4 10 NBOC 1 H 80 16A 60
5 11 C(CO2Et)2 2 H 80 17A 30
6 12 CH2 1 TMS 80 18A b
7 13 CMe2 1 Ph 80 19A b

a In pure product after flash chromatography.b The starting enyne
was recovered unchanged.

Scheme 1

Table 3. Optically Active Enones21 Obtained by Desulfinylation
of A Adducts

enyne R adduct enone [R]D
a 21

(R)-1 H 4A (S)-21a -40 (c 0.6)
(S)-3 H 6A (R)-21a +41 (c 0.6)
(S)-8 Me 14A (R)-21b +139 (c 0.6)b

(S)-9 CO2Et 15A (R)-21cc +88 (c 0.4)

a In CHCl3. b [R]D (ref 19) (S)-21b ) -141 (c 0.2, CHCl3). c ee
96.5% by HPLC (Chiralpak AS column).
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