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Since its discovery three decades ago, thg(CD)-mediated Table 1. N-Oxide-Promoted Intermolecular PKR of 1-Hexyne
cocyclization of an alkene, an alkyne, and carbon monoxide, known Picobalt Complex with Racemic Vinyl Sulfoxides 1
as the PauserKhand reaction (PKR), has become one of the most n-Bu ?
efficient methods for the synthesis of cyclopentanoid systems. S.x  NMO ”B“\éi ¥ nBU$\\S o
However, despite impressive recent advances in this field, such as l-coztcone* W CHACN, i ‘
the development of the first versions of both catalytic and 1 A58, SR* B (5R*, SRY)

asymmetric intramolecular PKRsome important limitations still

. . .. entry? R alkene  t(h) adduct  A/Bratio® vyield (%)°
remain. One of these is the lack of asymmetric intermolecular

versions of PKR for unstrained olefins, which would open a ;d gﬁg: iz Zi gﬁ ggf%g gg
synthetic_:ally quite general access to the enantio_selective synthesis 34 o.BrCeH, 1c 24 2¢ 8614 30
of substituted nonfused cyclopentenones from simple alkenes and 4¢  2,4,6-¢-PrCeH,  1d 24 2 94:6 24
alkynes. Up to now, to the best of our knowledge, all the reported 5  t-Bu le 24 2 >98<2 20
examples of asymmetric intermolecular PKR are limited to the use 0-(MezN)CeHa 1 1 il 92:8 63

. : . : 7 0-(MeN)CeHa 1f 4 2f 937 74
of highly reactive strained cyclic alkenes, such as norbornene,
norbornadiene, and bicyclo[3.2.0]hept-6-ére. a Reaction conditions: dicobalt complex (1.5 equiv), alkii.0 equiv),

Herein we report that vinyl sulfoxides, in particular the potentially NMO (6.0 equiv), CHCN, rt.? By 'H NMR on the crude mixtures after

cobalt-coordinatint® 2-(N,N-dimethylamino)pheny! vinyl sulf- filtration of the cobalt byproducts. In pure adducts after chromatography.

. . . . . d Dicobalt complex (3 equiv) was usetl.Reaction run at OC.
oxide, react with a wide variety of alkyne dicobalt complexes under plex (3 equiv)

mild conditions and with exceptionally high levels of regio- and 3 |arge excess of the alkyne dicobalt complex (3-fold excess) and
stereocontrol. In addition, the chemical versatility of the result- ynder prolonged reaction times. On the opposite end, the PKR of
ing 5-sulfinyl-2-cyclopentenones makes this type of PK adducts the less hinderep-tolylsulfoxide 1awas complete in 2 h, although
very appealing intermediates in organic synthesis, as illustrated ith poor stereocontrol (entry 1). An intermediate result with regard
here by a highly efficient four-step enantioselective synthesis of tg reactivity and stereoselectivity was obtained in the case of the
(—)-pentenomycin | antibiotié. o-substituted arylsulfoxidesb,c (entries 2 and 3)However, the
Having demonstrated previously thattetrt-butylsulfinyl-1,6- ortho-amino-substituted sulfoxidgf afforded by far the most
enynes were suitable substrates for stereoselective intramolecuIagynthetica”y interesting result: not only was$ the most reactie
PKR,®we decided to explore the ability of sulfoxide-based chiral alkene, but the reaction was also highly diastereoselettientry
auxiliaries in the much less thermodynamically favorable intermo- ). This remarkable reactivity, which may be tentatively ascribed
lecular processes. First, to check the viability of this hypothesis a to the prior coordination of the MBl moiety to the cobalt
series of racemic vinyl sulfoxidedé—f), displaying different steric complex4® allowed it to carry out the process at’@ (entry 7),
and electronic environments around the sulfur atom, were preparedaffording 2f as a 93:7 mixture oA/B epimera! in 74% vyield.
by straightforward methods and treated with the dicobalt complex  Next, to explore the structural scope of the PKR of the optimal
of 1-hexyne under a variety of reaction conditions. In accordance vinyl sulfoxide 1f, a variety of alkyne dicobalt complexes were
with the usual low reactivity of unstrained alkenes in intermolecular subjected to the same reaction conditions (NMO sCN, 0 °C).
PKR ! we only found metal decomplexation and formation of side The results are collected in Table 2.
products under thermal conditions (toluene orsCN at 80°C), Gratifyingly, reasonable yields of isolated adducts<{44%),
while a sluggish reaction was observed at room temperature usingcomplete regioselectivities, and very high diastereoselectitities
amineN-oxides as promoters in low polar solvents (e.g., toluene (de = 86 to >96%) were obtained from all terminal alkynes,
or CH,Cl,). Pleasingly, a faster and cleaner reaction was observedincluding primary-, benzyl-, and tertiary alkyl-substituted ones
using N-methylmorpholineN-oxide (NMO) in acetonitrile (Table (entries 1-3), aryl acetylenes (entry 4), and functionalized alkynes
1). (entries 5-7). It is worth noting that the reaction conditions are so
Some important conclusions are drawn from the data of Table mild that even alkynes having a primary bromoalkyl chain can be
1. Unlike the low regioselectivity usually observed in the PKR of successfully used (entry 7). However, no reaction at all occurred
simple monosubstituted alkenes with terminal alkyhédse PKR in the case of internal alkynes, as 2-butyne (entry 8). This drawback
of all vinyl sulfoxides1 was completely regioselective, leading was partially solved by performing the reaction at high pressure
exclusively to the 2,5-disubstituted cyclopentenolds contrast, (10 Kbar) at room temperature, affording the addi&ts 33%
both the reactivity and the stereoselectivity proved to be strongly yield and high stereoselectivity (entry ).
dependent on the substitution at sulfur. Thus, a low conversion To apply these highly diastereoselective PKR in asymmetric
(although very high stereoselectivity) was observed in the case of synthesis, enantiopure vinyl sulfoxidéwas required. The prepara-
the bulky sulfoxided.d,e (entries 4 and 5), even in the presence of tion of (R)-1f was readily achieved in two steps from the sulfinyl
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Table 2. PKR of Vinyl Sulfoxide 1f with Differently Substituted In conclusion, the first asymmetric version of intermolecular PKR

Alkynes of acyclic alkenes, relying on the use of sulfoxides as chiral
9 NMe O o © auxiliaries, has been developest(Dimethylamino)phenyl vinyl
R A 2 H O 4 . . . . . - .
S CHeN R S R S5 sulfoxide (Lf), readily available in both racemic and enantiopure
ll-coxco +r Ehakosh N S Ar ) . . . .
02(CO)* | NMO. 0°G “ar H forms, reacts under very mild conditions with terminal alkynes in
. R R . . : .
R i A (55", SRY) B 5R" SRY) a completely regloselectlve a_nd highly stereoselective manner. T_he
resulting enantiopure 5-sulfinyl-2-cyclopentenones are versatile
entry® R R t(h) addut ABraio® yield (%) intermediates in asymmetri_c syr_ithesis since the five positions at
1 Bu H 2 of 937 72 the ring can be easily fur_ictlonallzed by strelghtforward carbon_yl-_
2de  tBu H 26 3 >098:<2 55 or sulfoxide-based reactions. Further studies on the mechanistic
3 Bn H 14 4 93:7 58 behavior of1f, as well as the application of the PK adducts in
4 p-Tol H 12 5 93:7 49 enantioselective synthesis of cyclopentanoids are underway.
5¢ TMS H 16 6 >08:<2 59
6 CHCHOTIPS H 7 7 >98:<2 66 Acknowledgment. Financial support of this work by the MCYT
7 CHCHCHBr  H 6 8 >98:<2 68 is gratefully acknowledged (Project BQU2000-0226). M.R.R. thanks
8 Me Me 24 o o the MEC for a predoctoral fellowshi
o Me Me 48 9 92:8 33 P P-

Supporting Information Available: Experimental procedures,
characterization data of all new compounds, X-ray diffraction data of
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aReaction conditions: dicobalt complex (1.5 equiv), alkéii.0 equiv),
NMO (6.0 equiv), CHCN, 0°C. b<d As in Table 1.6 Reaction run at room
temperaturef Reaction run at 10 Kbar.
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